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The 2026 Meeting of the CPP Division is marked by the 75th anniversary of the Polymer Physics Di-
vision, which is celebrated in the Focus Session “75 Years Division Polymer Physics: From Curiosity
to Smart Materials”. Two Focus Sessions address the topics “Theoretical Modeling and Simula-
tion of Biomolecular Condensates” and “Water: From Atmosphere to Space”. To honor the guest
country France, we have organized the following French-German sessions: “Membranes and Porous
Materials”, “Nanomaterials, Composites and Hybrids”, “Simulation Methods and Modeling of Soft
Matter”, “2D Materials, Thin Films and Interfaces” as well as a Round Table Discussion “The Future
of Neutrons in France and Germany”. Plenary speakers include Peter Miiller-Buschbaum, Hugues
Chaté, Antony Hyman, and Annabella Selloni. The former chairman of the CPP Division, Kurt
Kremer, is this year’s awardee of the Max Planck Medal. The CPP Division supports the Symposia
“The Sustainability Challenge: A Decade of Transformation” and “Fluids with Broken Time-Reversal
Symmetry: Odd/Hall Viscosity between Active Matter and Electron Flows” as well as the French-
German Symposium “Soft, Active and Alive: Emergent Properties in Living Matter”. The Meeting
concludes with a Highlighted Invited Talk given by Jens-Uwe Sommer.

Overview

Overview of Invited Talks and Sessions
(Lecture halls ZEU/LICH, ZEU /0255, ZEU /0260, and HUL/S386; Poster P5)

Invited Talks

CPP 3.1 Mon 9:30-10:00 ZEU/LICH Theory and Modeling of Fluid Adsorption and Transport in
Nanoporous Materials — eBENOIT COASNE

CPP 4.1 Mon  9:30-10:00 ZEU/0255 Exploration of Cathode Materials for Li-S Batteries — e¢YAN LU

CPP 5.1 Mon  9:30-10:00 ZEU/0260 Cleaning of dusty surfaces — eDORIS VOLLMER, FRANZISKA
SABATH, ABHINAV NAGA, STEFANIE KIRSCHNER, TARIK KARAKAYA,
RUDIGER BERGER, HANS-JURGEN BuTT, HALIM KUSUMAATMAJA

CPP 6.1 Mon 11:15-11:45 ZEU/LICH Hierarchical Porosity Meets Nanoconfined Water: Toward
Water-Driven Functional Materials — ePATRICK HUBER

CPP 9.1 Mon 15:00-15:30 ZEU/LICH Why Polymers Swell or Collapse: Molecular Insights into Coso-
lute Effects — eNICO VAN DER VEGT

CPP 12.1 Mon 15:00-15:30 ZEU/0255 Multifunctional films by tailoring chemistry and morphology of
polymer brushes at the nanoscale — ePETRA UHLMANN, ALEXAN-
DER S. MUNCH

CPP 12.6 Mon 16:30-17:00 ZEU/0255 Thin-film and interface properties in energy conversion devices
unveiled by X-rays — eMARCUS BAR

CPP 13.1 Mon 15:00-15:30 ZEU/0260 Modelling and simulation of pH-sensitive polyelectrolyte micro-
gels — eSTEFANIE SCHNEIDER

CPP 16.1 Mon 17:15-17:45 ZEU/0260 Understanding the Passivation Properties of Solid Electrolyte
Interphases (SEIs) in Batteries: Generator-Collector Exper-
iments combined with a Transport and Reaction Model —
eBERNHARD ROLING, FALK KRAUSS, ANNALENA DUNCKER, ISABEL
PANTENBURG

CPP 21.1 Tue 9:30-10:00 ZEU/0255 Molecular modelling of gas solubility and free volume trends

in Si-functionalized ionic liquids — eKATERYNA GOLOVIZNINA, ED-
UARDS Bakis, INkEs C. M. VAZ, AGILIO PADUA, MARGARIDA COSTA
GOMES
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CPP 22.1 Tue
CPP 26.1 Tue
CPP 30.1 Tue
CPP 31.1 Wed
CPP 33.1 Wed
CPP 37.1 Wed
CPP 38.1 Wed
CPP 39.1 Wed
CPP 42.1 Wed
CPP 44.1 Thu
CPP 53.1 Fri

CPP 54.1 Fri

CPP 56.1 Fri

CPP 61.1 Fri

Topical Talks
CPP 19.1 Tue
CPP 27.1 Tue
CPP 32.1 Wed
CPP 45.1 Thu
CPP 51.1 Thu
CPP 51.2 Thu
CPP 51.3 Thu
CPP 51.4 Thu
CPP 51.5 Thu
CPP 55.1 Fri

9:30-10:00

14:00-14:30

14:00-14:30

9:30-10:00

10:00-10:30

15:00-15:30

15:00-15:30

15:00-15:30

17:00-17:30

9:30-10:00
9:30-10:00
9:30-10:00

10:45-11:15
13:15-14:00

9:30-10:00

14:00-14:30

9:30-10:00

9:30-10:00

15:15-15:45
15:45-16:15

16:15-16:45

16:45-17:15

17:15-17:45

9:30-10:00

ZEU /0260

HUL/S386

ZEU /0260
ZEU /0255
ZEU/LICH
ZEU/LICH
ZEU /0255

ZEU /0260

ZEU/0260

ZEU/LICH
ZEU/LICH
ZEU /0255

HUL/S386
HSZ/0002

ZEU/LICH
ZEU/LICH
ZEU /0260
ZEU /0260

ZEU/LICH
ZEU/LICH

ZEU/LICH
ZEU/LICH
ZEU/LICH

ZEU /0260

From Solution to Thin Films: Structure Formation Pathways in
Organic Photovoltaic Films — eEva M. HERZIG

Investigating lignin graphitisation depending on botanical
source and extraction method — LUCIE DIEVAL, PHUTHIPHONG
OUITRAKOON, ROBERT HUNTER, SEBASTIEN SCHAEFER, LOUIS HEN-
NET, ERIK ELKAIM, JULIE RUELLOU, MILO S. P. SHAFFER, AGNIESZKA
BRANDT-TALBOT, e PASCALE LAUNOIS

Solvent effects on amphiphile self-assembly in Deep Eutectic Sol-
vents — eKAREN EDLER

Hydrogels with a Pinch of Embodied Intelligence — e ANDREAS
WALTHER

Shape-induced superstructure formation in concentrated fer-
rofluids — eSABRINA DiscH

Predicting molecular ordering in deposited molecular films —
eDENIS ADRIENKO

Engineering, processing and application of recombinant spider
silk proteins — e¢THOMAS SCHEIBEL

A polarizable model for atomistic simulations of metals and
graphitic material/ liquid interfaces — KRISHAN KANHAIYA, HEN-
DRIK HEINZ, eMARIALORE SULPIZI

Mesopores filled with (poly)ionic liquids: phase transitions un-
der confinement, and structure seen by SAXS and SANS —
¢ JULIAN OBERDISSE, ANNE-CAROLINE GENIX

Shedding light on wide bandgap perovskites — eMICHAEL SALIBA
Limits and Prospects of Organic Solar Cells — eDIETER NEHER
NMR-based molecular rheology and structural characterization
of model gels — eKAY SAALWACHTER, BIDIT LAMSAL

Liquid Dynamics at Interfaces — eMICHAEL VOGEL
Biomolecular Condensates: Challenges for Polymer Physics —
¢ JENS-UWE SOMMER

Surface adsorption and protonation equilibrium of atmospheric
organics at the aqueous surface — eN@NNE PRISLE

Why water in plants survives negative pressure
EMANUEL SCHNECK, ROLAND NETZ, eMATEJ KANDUC

Synchrotron X-Ray Studies on Structural Transitions in Water
and Alcohol containing Ice Analogues — ¢CHRISTINA M. TONAUER
Wetting transitions in biomolecular coacervates — eSUSANNE
Liesg, TiEMEI Lu, EVvAN SPRULJT, CHRISTOPH WEBER

The Loops of Life — BrRIAN CHAN, eMICHAEL RUBINSTEIN
Polyelectrolytes and Biological Systems: A Charged Relation-
ship — eMATTHIAS BALLAUFF

From block copolymer morphologies to functional polymer mem-
branes — ¢VOLKER ABETZ

Molecular electronic materials and devices for solar energy con-
version — e¢JENNY NELSON

Control of cell and tissue stiffness by biopolymer networks and
particle inclusions — ePAUL JANMEY

Data-driven modelling of phase-separating intrinsically disor-
dered regions — eGIULIO TESEI, FATIMA KAMAL ZAIDI, SHANLONG
L1, JuLiAN O. STREIT, JIANHAN CHEN, TANJA MITTAG, KRESTEN
LINDORFF-LARSEN

MARIN SAKO,

Discussion on Sustainability on Monday during Lunch Break



Dresden 2026 — CPP Overview

PSVI Mon 13:00-13:45 HSZ/AUDI Sustainability! And now? — Opportunities for young researchers —

eROXANA SCHARPEGGE, HIROKI SAYAMA, THOMAS SCHUBATZKY, BIRTE
HOCKER, UWE RIEDEL, JOHN PLANE, PAULEO NIMTZ, STEFANIE FALK

Invited Talks of the joint Symposium SKM Dissertation Prize 2026 (SYSD)
See SYSD for the full program of the symposium.

SYSD 1.1

SYSD 1.2

SYSD 1.3

SYSD 1.4

SYSD 1.5

Mon

Mon

Mon

Mon

Mon

9:30-10:00

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00

HSZ,/0002
HSZ/0002
HSZ/0002
HSZ/0002

HSZ/0002

Stochastic-Calculus Approach to
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

Non-equilibrium Statistical

Invited Talks of the joint Symposium The Sustainability Challenge: A Decade of Transformation

(SYSC)

See SYSC for the full program of the symposium.

SYSC 1.1

SYSC 1.2

SYSC 1.3

SYSC 1.4
SYSC 1.5

Mon

Mon

Mon

Mon
Mon

15:00-15:30

15:30-16:00

16:00-16:30

16:45-17:15
17:15-17:45

HSZ/AUDI
HSZ/AUDI
HSZ/AUDI

HSZ/AUDI
HSZ/AUDI

Open-Endedness and Community-Based Approaches to Sustain-
ability Challenges — eHIROKI SAYAMA

Education as a Social Tipping Element: Evidence from Climate
and Physics Education Research — ¢THOMAS SCHUBATZKY
Mechanistic and Material Perspectives on Enzymatic Hydrolysis
of Semicrystalline Polyesters — eBIRTE HOCKER
Decarbonization Options for Industry — eUWE RIEDEL

Impacts of Cosmic Dust and Space Debris in the Terrestrial
Atmosphere — ¢JOHN PLANE

Invited Talks of the joint Symposium Fluids with Broken Time-Reversal Symmetry: Odd/Hall

Viscosity between Active Matter and Electron Flows (SYBS)
See SYBS for the full program of the symposium.

SYBS 1.1

SYBS 1.2

SYBS 1.3

SYBS 1.4
SYBS 1.5

Tue

Tue

Tue

Tue
Tue

9:30-10:00

10:00-10:30

10:30-11:00

11:15-11:30
11:30-11:45

HSZ/AUDI
HSZ/AUDI
HSZ/AUDI

HSZ/AUDI
HSZ/AUDI

0Odd viscosity in three-dimensional fluids: flows, wakes, and ed-
dies — oTALI KHAIN

0Odd viscosity in two-dimensional hydrodynamic electron trans-
port — e¢IGOR GORNYI, DMITRY POLYAKOV

Odd slip on chiral active surfaces — eANDREJ VILFAN, YUTO
HosAkA

Parity-odd transport in electron fluids — e¢JOHANNA ERDMENGER
Curved Odd Elasticity — LAZAROS TSALOUKIDIS, YUAN ZHOU, JACK
BINYSH, NIKTA FAKHRI, CORENTIN COULAIS, ePIOTR SUROWKA

Invited Talks of the joint Symposium France: Soft, Active and Alive: Emergent Properties in

Living Matter (SYGF)
See SYGF for the full program of the symposium.

SYGF 1.1 Wed 15:00-15:30 HSZ/AUDI Liquid crystal geometries in type I collagen-based tissues —
oNADINE NASSIF

SYGF 1.2 Wed 15:30-16:00 HSZ/AUDI Self-organization of the cytoplasm by physical instabilities —
eJAN BRUGUES

SYGF 1.3 Wed 16:00-16:30 HSZ/AUDI From morphogenesis to space partitioning by microtubules and

molecular motors. — eMANUEL THERY
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SYGF 1.4  Wed

SYGF 1.5 Wed
SYGF 1.6  Wed

Sessions

CPP 1.1-1.11
CPP 2.1-2.4

CPP 3.1-3.5

CPP 4.1-4.6
CPP 5.1-5.5

CPP 6.1-6.5
CPP 7.1-7.5
CPP 8.1-8.5
CPP 9.1-9.7
CPP 10.1-10.13

CPP 11.1-11.12
CPP 12.1-12.6

CPP 13.1-13.7
CPP 14.1-14.7

CPP 15.1-15.7
CPP 16.1-16.6
CPP 17.1-17.51
CPP 18.1-18.12
CPP 19.1-19.5

CPP 20.1-20.12
CPP 21.1-21.6

CPP 22.1-22.6
CPP 23.1-23.6
CPP 24.1-24.5
CPP 25.1-25.5
CPP 26.1-26.5
CPP 27.1-27.5

CPP 28.1-28.5
CPP 29.1-29.6

CPP 30.1-30.5
CPP 31.1-31.7

More than the sum: how composite interfaces govern function

— oALBA Di1z-MUNOZ

Swimming and Swarming of Intelligent Active Particles — SEGUN

GOH, PRIYANKA IYER, RAJENDRA SINGH NEGI, « GERHARD GOMPPER

Perturbing the collective motion of fish with challenging envi-

ronments — e AURELIE DUPONT

16:45-17:15  HSZ/AUDI

17:15-17:45 HSZ/AUDI

17:45-18:15 HSZ/AUDI

Mon  9:30-12:45 BAR/SCHO
Mon  9:30-10:30 MER/0002
Mon  9:30-11:00 ZEU/LICH
Mon  9:30-11:15 ZEU/0255
Mon  9:30-11:00 ZEU/0260
Mon 11:15-12:45 ZEU/LICH
Mon 11:30-12:45 ZEU/0255
Mon 11:30-12:45 ZEU/0260
Mon 15:00-17:00 ZEU/LICH
Mon 15:00-18:30 ZEU/0118
Mon 15:00-18:30  ZEU/0160
Mon 15:00-17:00 ZEU/0255
Mon 15:00-17:00  ZEU/0260
Mon 17:15-19:00 ZEU/LICH
Mon 17:15-19:00 ZEU/0255
Mon 17:15-19:00  ZEU/0260
Mon 19:00-21:00 P5

Tue  9:30-12:45 BAR/SCHO
Tue  9:30-11:00 ZEU/LICH
Tue 9:30-12:45 ZEU/0160
Tue  9:30-11:15 ZEU/0255
Tue  9:30-11:15  ZEU/0260
Tue 11:15-12:45 ZEU/LICH
Tue 11:30-12:45 ZEU/0255
Tue 11:30-12:45 ZEU/0260
Tue  14:00-15:30 HUL/S386
Tue  14:00-15:30 ZEU/LICH
Tue  14:00-15:30 ZEU/0160
Tue  14:00-15:30  ZEU/0255
Tue  14:00-15:30  ZEU/0260
Wed  9:30-11:30 ZEU/0255

Active Matter I (joint session BP/CPP /DY)
Sustainability: Challenges and Solutions (joint session
UP/CPP/SOE)

French-German Session: Membranes and Porous Materi-
als I

Energy Storage Materials and Devices I

Wetting, Fluidics and Liquids at Interfaces and Surfaces
I (joint session CPP /DY)

French-German Session: Membranes and Porous Materi-
als 1T

Emerging Topics in Chemical and Polymer Physics, New
Instruments and Methods I

Wetting, Fluidics and Liquids at Interfaces and Surfaces
IT (joint session CPP /DY)

French-German Session: Simulation Methods and Mod-
eling of Soft Matter I
Droplets, Wetting,
DY /CPP)

Active Matter II (joint session DY /BP/CPP)
French-German Session: 2D Materials, Thin Films and
Interfaces 1

Charged Soft Matter, Polyelectrolytes and Ionic Liquids
French-German Session: Simulation Methods and Mod-
eling of Soft Matter 11

Emerging Topics in Chemical and Polymer Physics, New
Instruments and Methods I1

Energy Storage Materials and Devices II

Poster 1

Active Matter III (joint session BP/CPP /DY)

Focus Session: Water — from Atmosphere to Space I (joint
session CPP /DY)

Complex Fluids and Soft Matter (joint session DY /CPP)
French-German Session: Simulation Methods and Mod-
eling of Soft Matter III

Hybrid, Organic and Perovskite Optoelectronics and Pho-
tovoltaics I

Focus Session: Water — from Atmosphere to Space II
(joint session CPP /DY)

French-German Session: Simulation Methods and Mod-
eling of Soft Matter IV

Hybrid, Organic and Perovskite Optoelectronics and Pho-
tovoltaics II

French-German Session: 2D Materials, Thin Films and
Interfaces 11

Focus Session: Water — from Atmosphere to Space III
(joint session CPP /DY)

Active Matter IV (joint session DY /BP/CPP)
Emerging Topics in Chemical and Polymer Physics, New
Instruments and Methods II1

Complex Fluids, Colloids, Micelles and Vesicles 1
Responsive and Adaptive Systems

and Microfluidics (joint session
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CPP 32.1-324

CPP 33.1-33.4
CPP 34.1-34.4

CPP 35.1-35.5
CPP 36.1-36.1

CPP 37.1-37.6

CPP 38.1-38.6

CPP 39.1-39.6

CPP 40.1-40.6

CPP 41.1-41.7

CPP 42.1-42.6

CPP 43.1-43.11
CPP 44.1-44.6

CPP 45.1-45.6

CPP 46.1-46.66
CPP 47.1-47.7

CPP 48.1-48.5

CPP 49.1-49.5
CPP 50.1-50.5

CPP 51.1-51.5

CPP 52
CPP 53.1-53.6

CPP 54.1-54.6
CPP 55.1-55.6

CPP 56.1-56.4
CPP 57.1-57.6
CPP 58.1-58.6
CPP 59.1-59.6
CPP 60.1-60.3

CPP 61.1-61.1

Wed

Wed
Wed

Wed
Wed

Wed
Wed
Wed
Wed
Wed
Wed

Thu
Thu

Thu

Thu
Thu

Thu

Thu
Thu

Thu

Thu
Fri

Fri
Fri

Fri
Fri
Fri
Fri
Fri

Fri

9:30-10:45

10:00-11:15
11:00-12:00

11:15-12:45
11:45-12:45

15:00-16:45

15:00-16:45

15:00-16:45

17:00-18:30

17:00-18:45

17:00-18:45

9:30-12:45
9:30-11:15

9:30-11:15

9:30-11:30
10:15-12:45

11:30-12:45

11:30-12:45
11:30-12:45

15:15-17:45

18:00-19:00
9:30-11:15

9:30-11:15
9:30-11:15

10:45-12:00
11:30-13:00
11:30-13:00
11:30-13:00
12:15-13:00

13:15-14:00

ZEU /0260

ZEU/LICH
ZEU /0260

ZEU /0118
ZEU/LICH

ZEU/LICH
ZEU /0255
ZEU /0260
ZEU/LICH
ZEU /0255
ZEU /0260

BAR/SCHO
ZEU/LICH

ZEU/0260

P5
BAR/0106

ZEU/LICH

ZEU /0255
ZEU /0260

ZEU/LICH

ZEU/LICH
ZEU/LICH

ZEU /0255
ZEU /0260

HUL/S386
ZEU/LICH
ZEU /0255
ZEU /0260
HUL/S386

HSZ/0002

Focus Session: Water — from Atmosphere to Space IV
(joint session CPP /DY)

Complex Fluids, Colloids, Micelles and Vesicles 11

Focus Session: Water — from Atmosphere to Space V
(joint session CPP /DY)

Glasses and Glass Transition (joint session DY /CPP)
Round Table Discussion: The Future of Neutrons in
France and Germany (joint session CPP/BP)

Hybrid, Organic and Perovskite Optoelectronics and Pho-
tovoltaics III

Biopolymers, Biomaterials and Bioinspired Functional
Materials I (joint session CPP/BP)

French-German Session: Nanomaterials, Composites and
Hybrids 1

Hybrid, Organic and Perovskite Optoelectronics and Pho-
tovoltaics IV

Biopolymers, Biomaterials and Bioinspired Functional
Materials II (joint session CPP/BP)

French-German Session: Nanomaterials, Composites and
Hybrids II

Biomaterials and Biopolymers (joint session BP/CPP)
Hybrid, Organic and Perovskite Optoelectronics and Pho-
tovoltaics V

Focus Session: Theoretical Modeling and Simulation of
Biomolecular Condensates I (joint session CPP/BP)
Poster 11

Focus Session: Controlling Microparticles and Biological
Cells by Ultrasound (joint session BP/CPP /DY)
Hybrid, Organic and Perovskite Optoelectronics and Pho-
tovoltaics VI

Gels, Polymer Networks and Elastomers I

Focus Session: Theoretical Modeling and Simulation of
Biomolecular Condensates II (joint session CPP/BP)
Focus Session: 75 Years Polymer Physics Division: From
Curiosity to Smart Materials (joint session CPP/BP)
Members’ Assembly

Hybrid, Organic and Perovskite Optoelectronics and Pho-
tovoltaics VII

Gels, Polymer Networks and Elastomers 11

Focus Session: Theoretical Modeling and Simulation of
Biomolecular Condensates III (joint session CPP/BP)
Molecular and Polymer Dynamics, Friction and Rheology
I

Hybrid, Organic and Perovskite Optoelectronics and Pho-
tovoltaics VIII

Gels, Polymer Networks and Elastomers IIT
Crystallization

Molecular and Polymer Dynamics, Friction and Rheology
11

Closing Talk (joint session CPP/BP /DY)

Members’ Assembly of the Chemical and Polymer Physics Division

Thursday

e Report of the current speakers

18:00-19:00 Raum ZEU/LICH

e Election of the second deputy speaker

e Award of the poster prize of the CPP Division

e Miscellaneous
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CPP 1: Active Matter | (joint session BP/CPP /DY)

Time: Monday 9:30-12:45

CPP 1.1 Mon 9:30 BAR/SCHO

Bayesian inference of magnetosensing in a magnetotactic bac-
terium — eSascua LaMBERT!, EMILIE GAcHON?, DAMIEN FAIVREZ,
and STEFAN Krumpp! — lUniversity of Gottingen, Institute for the
Dynamics of Complex Systems, Friedrich-Hund-Platz 1, 37077 Got-
tingen, Germany. — 2Aix Marseille Université, CEA, CNRS, BIAM,

13115 Saint-Paul-Lez-Durance, France.

Magnetotactic bacteria are often assumed to align only passively with
external magnetic fields, yet recent observations of the magnetotactic
bacterium SS-5 reveal a pronounced increase in swimming speed under
geomagnetic conditions. Because flagellated microorganisms typically
follow helical paths, magnetic torques could, in principle, straighten
their trajectories and create an apparent increase in speed, offering a
purely mechanical explanation. We test this hypothesis using a phys-
ical swimming model based on Active Brownian Particles that incor-
porates magnetic torques, rotational propulsion, and helical motion,
and we explore the relevant parameter space using Bayesian inference
constrained by three-dimensional trajectory data. Posterior predic-
tive simulations demonstrate that the mechanically induced increase
in apparent speed is far too small to account for the experimental ob-
servations, even under extreme parameter choices. The results quanti-
tatively rule out swaying as a sufficient explanation for the behaviour
of SS-5 and instead support the presence of an active magnetic sensing
mechanism.

CPP 1.2 Mon 9:45 BAR/SCHO
Vorticity-induced surfing and trapping in porous media —
ePaLLABI Das!, Mirko REsibori', AxeL Voiar?34 SUuvENDU
ManDAL?, and CurisTiINA KUrzTHALERD®? — IMax Planck Insti-
tute for the Physics of Complex Systems, Germany — 2Institute of
Scientific Computing, TU Dresden, Germany — 3Center for Systems
Biology Dresden, Germany — #Cluster of Excellence, Physics of Life,
TU Dresden, Germany — 5TU Darmstadt, Germany

Microorganisms often encounter strong confinement and complex hy-
drodynamic flows while navigating their habitats. Combining finite-
element methods and stochastic simulations, we study the interplay of
active transport and heterogeneous flows in dense porous channels. We
find that swimming always slows down the traversal of agents across
the channel, giving rise to robust power-law tails of their exit-time
distributions. These exit-time distributions collapse onto a universal
master curve with a scaling exponent of ~ 3/2 across a wide range
of packing fractions and motility parameters, which can be rational-
ized by a scaling relation. We further identify a new motility pattern
where agents alternate between trapping along fast streams and ex-
tended surfing phases, the latter determining the power-law exponent.
Unexpectedly, trapping occurs in the flow backbone itself — not only
at obstacle boundaries — due to vorticity-induced reorientation in the
highly-heterogeneous flow environment. These findings provide a fun-
damentally new active transport mechanism with direct implications
for biofilm clogging and the design of novel microrobots capable of
operating in heterogeneous media.

CPP 1.3 Mon 10:00 BAR/SCHO
Adhesion Patterns in Gliding Filamentous Cyanobacteria —
eELias Fiscuer!, PauL Niescuwitz?, STEFAN KarpiTscuka?, and
HoLgER STarRk! — !Institute of Physics and Astronomy, TU Berlin,
Germany — ?Department of Physics, Universitit Konstanz, Germany

Filamentous cyanobacteria play an important role in many ecosystems
and the carbon cycle of our planet. They exhibit gliding motility when
in contact with solid surfaces or each other. Despite their ecological
relevance and increased use in biotech applications, the exact nature
of the force-generating process remains not fully understood.

Our recent measurements of filamentous cyanobacteria gliding across
flat surfaces and visualized in kymographs show spatio-temporal ad-
hesion regions along the filament, indicating an intrinsic helical shape.
Based on our a novel approach for modeling the mechanical aspects of
individual cyanobacteria filaments, we are able to interpret the com-
plex kymograph patterns. Each filament is modeled as a helical chain
of thin cylindrical segments in 3D with bending and twisting elastic-
ity. The filaments interact with nearby surfaces and filaments via a
hard-core repulsion and an exponentially decaying adhesion force. Im-
portantly, the propulsion forces that push the filament forward are

Location: BAR/SCHO

only applied locally at surface-contacting segments.

Our simulated kymographs reveal how both the helical shape and the
adhesion strength strongly influence the filament’s gliding speed and
the dynamics of the surface-attachment regions. Thereby, we crucially
contribute to the understanding of how real filamentous cyanobacteria
generate their propulsion forces.

CPP 1.4 Mon 10:15 BAR/SCHO

The 3D chirality of malaria parasites determines their mo-
tion patterns in 2D and originates at the apical pole —
eLEON LETTERMANN!, MIRKO SINGER?, SMILLA STEINBRUCKZ3,
FaLko ZiEBERT!, SacHIE KANATANI®, PHOTINI SINNIS®, FRIEDRICH
FriscukNEcHT2, and ULricH Scuwarz! — lInstitute for Theoreti-
cal Physics & BioQuant, Heidelberg University — 2Parasitology, Cen-
ter for Infectious Diseases, Heidelberg University — 2School of Public
Health and Malaria Research Institute, Johns Hopkins University

Plasmodium sporozoites, the slender forms of the malaria parasite in-
jected by mosquitoes into the skins of their vertebrate hosts, provide a
medically highly relevant model system for active chiral particles. Us-
ing 3D tracking in synthetic hydrogels, we show that sporozoites consis-
tently move on right-handed helical trajectories. When they encounter
a two-dimensional substrate, they switch to clockwise circular motion,
whereas circling on glass in medium occurs with the opposite sense
of rotation, suggesting on glass they try to invade the medium above.
Using a sandwich assay, we demonstrate that chirality also determines
the reverse transition from two-dimensional to three-dimensional mo-
tion. Combining these measurements with a theory for gliding motility
allows us to identify the likely origin of chirality, namely an asymmetric
distribution of adhesins. After confirming this via two-sided traction
force microscopy, we finally use STED super-resolution microscopy to
reveal a corresponding tilt in the apical ring complex. In summary, our
analysis thus uncovers both the biological relevance and the molecular
basis of chirality in the movement of malaria parasites.

CPP 1.5 Mon 10:30 BAR/SCHO
Squirmer dynamics in porous environments — eMIRKO
REesiDORIY, CHRISTINA KURzTHALER!, and SEBASTIAN ALAND? —
IMax Planck Institute for the Physics of Complex Systems — 2TU

Freiberg

We introduce a computational framework for simulating the dynamics
of micro-swimmers in complex porous environments. Specifically, we
adopt a diffusive domain approach to represent the surface of a micro-
swimmer, modeled as a squirmer. This method ensures accurate and
stable finite-element simulations, even in highly confined geometries.
Validation against analytical and numerical benchmarks confirms the
model*s accuracy and robustness. We then apply it to explore squirmer
motion in heterogeneous porous media, revealing how hydrodynamic
interactions lead to behaviors such as dynamic trapping due to hydro-
dynamically induced re-orientations. Moreover, we demonstrate that
the squirmer parameter and the repulsive potential critically influence
a squirmer’s ability to navigate and escape confinement. The proposed
framework offers a versatile and efficient tool for studying active mo-
tion in complex fluids and provides new insights into micro-swimmer
transport and control in natural and engineered systems.

CPP 1.6 Mon 10:45 BAR/SCHO
Dynamics of passive tracers in active dumbbell suspension
— oCHANDRANSHU TIwARI and SuniL P. SiNgH — Department of
Physics, Indian Institute of Science Education and Research, Bhopal
462066, India.

The transport of passive tracers in active fluids exhibits rich dynam-
ics arising from persistent interactions between active agents and the
tracer. In our work, we employ Brownian dynamics simulations to
investigate the dynamical behaviour of both isotropic(circular) and
anisotropic(elliptical) tracers in active dumbbell suspension, consid-
ering only steric interactions. For circular tracers, we find that the
speed shows a crossover from monotonically decreasing to increasing
with tracer size as the dumbbells’ speed is increased. The tracer’s
effective diffusion also displays a non-monotonic dependence on area
fraction: the diffusivity first increases and then decreases at higher
area fractions.

For anisotropic tracers, the characteristic non-monotonic trend per-
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sists. Moreover, their motion along the major and minor axes differs
significantly. Anisotropic accumulation of active particles around the
tracer generates direction-dependent forces and fluctuations, favour-
ing motion along the major axis. Consequently, both the speed and
diffusivity along the major axis exceed those along the minor axis.

15 min. break

Invited Talk CPP 1.7 Mon 11:15 BAR/SCHO
Modeling and inference of magnetotactic motility in complex
environments — STEFAN KLumpPP — Institute for the Dynamics of
Complex Systems, University of Gottingen, Goéttingen, Germany

Magnetotactic bacteria orient themselves and swim along field lines of
the geomagnetic field. Their magnetically directed self-propelled mo-
tion makes them an instance of dipolar active matter. Here we focus
on the interaction of these bacteria with walls or obstacles. Experi-
ments in microfluidic systems show that interactions with walls result
in (possibly transient) alignment parallel to the wall, which may com-
pete with the alignment with the magnetic field. The dynamic behav-
ior arising from the competition of the two alignments includes U-turn
trajectories in circular chambers and trapping and escape dynamics in
channels with overlapping cylindrical obstacles. In a phenomenological
picture, the resulting motion can be described in an Active Brownian
Particle model by introducing a wall torque that competes with the
magnetic torque, which results in good agreement with experimental
observations. Systematic Bayesian inference of the wall torque from
observations shows that only a part of the torque function (dependence
on incident angle) can be learned reliably from the data.

CPP 1.8 Mon 11:45 BAR/SCHO
Quantifying aggregation behaviour of filamentous cyanobac-
teria — eELias ILLiNG and STEFAN KARPITSCHKA — Fachbereich
Physik, Universitdt Konstanz

Cyanobacteria are ubiquitous in nature, frequently causing ecological
and economic harm by explosive growth, so called blooms.

We investigate the collective dynamics of entangled filamentous
cyanobacteria in open liquid media, reminiscent of their aggregates
found during later stages of blooms. We investigate the impact of illu-
mination on the clustering and spreading of the bacteria and quantify
the morphology of the bacterial aggregates by image analysis. We de-
termine the critical density necessary for initial clustering and track
the evolution of the subsequent stages, ranging from stable clusters to
spreading mats. These states can be modulated by light intensity vari-
ations, potentially allowing for control of the morphological evolution
of cyanobacterial aggregates.

CPP 1.9 Mon 12:00 BAR/SCHO
Dynamically Induced Spatial Segregation in Multi-Species
Bacterial Bioconvection — eMincqr Yan!2, CHENXT WaNG3, Os-
cArR GALLARDO-NAVARRO?, RINAT ARBEL-GOREN?, JOEL STAvAaNs?,
and ErwiN FrRevy!2 — 1Department of Physics, Ludwig-Maximilians-
Universitdt Miinchen, Theresienstrafe 37, 80333 Miinchen, Germany
— 2Max Planck School Matter to Life, Hofgartenstrafe 8, 80539,
Miinchen, Germany — 3School of Science, Harbin Institute of Technol-
ogy, 518055, Shenzhen, China — 4Department of Physics of Complex
Systems, Weizmann Institute of Science, 7610001, Rehovot, Israel

Bacterial bioconvection is a classic example of collective behavior in
active matter, where upward-swimming bacteria create density insta-
bilities leading to large-scale fluid flows. While this phenomenon is
well-studied in single-species suspensions, natural environments are
typically inhabited by diverse microbial communities. Here, we inves-

tigate the collective dynamics of multi-species bacterial suspensions.
Combining experiments with a continum model, we show that differ-
ent bacterial species can spontaneously segregate into stable, spatially
interlocked domains. Our theoretical analysis reveals that this seg-
regation is not driven by biochemical antagonism but rather by the
interplay between species-specific motility characteristics and the self-
generated hydrodynamic flows. This work provides new insights into
how physical interactions alone can drive the spatial organization of
complex microbial communities.

CPP 1.10 Mon 12:15 BAR/SCHO
Light-switchable microbial rafts at air-liquid interfaces —
eGustav F. NorLTE, ALEXANDROS A. FrackoprouLos, TiMo VOLKL,
MEcHTHILD RAPPoOLD, and OLIVER BAUMCHEN — University of
Bayreuth, Experimental Physics V, 95447 Bayreuth, Germany

In biological active matter, clustering occurs across a wide range of
time and length scales, from molecular assemblies such as actomyosin
networks to macroscopic systems like fire ant rafts. Here, we report
on a fast, light-switchable, and fully reversible clustering phenotype on
the microscale, observed at air-liquid interfaces: the raft formation of
the biciliated microalga Chlamydomonas noctigama.

C. noctigama is a relative of the model organism Chlamydomonas
reinhardtii, which exhibits light-switchable adhesion and subsequent
clustering at solid-liquid interfaces [1,2]. We show how the cluster mor-
phology depends on cell density and discuss potential growth mecha-
nisms by analyzing dynamics of individual clusters. Furthermore, we
characterize the dependence of raft formation on the light spectrum
and interfacial free energy. Using micropipette force spectroscopy [3],
we show that single cells exploit capillary forces for light-switchable
ciliary adhesion to the air-liquid interface, enabling raft formation. In
their natural habitats, reversible clustering may provide an advantage
by allowing cells to accumulate in locations optimal for photosynthesis
while increasing resilience to environmental stress.

[1] C. T. Kreis, et al., Nat. Phys. 14, 45 (2018).
[2] S. Till, et al., Phy. Rev. Res. 4, L042046 (2022).
[3] M. Backholm and O. Baumchen, Nat. Protoc. 14, 594-615 (2019).

CPP 1.11 Mon 12:30 BAR/SCHO
Circadian gravitaxis: Photosynthetic microswimmers re-
model local pH to actively tune vertical migration — ARKA-
Jyort GHosHAL!, SOUMITREE MisHrA!, JavaBrRATA DHARZ, HANs-
PETER GRrossArRT®'4, and eANuPAM SENGUPTA!'® — 1Physics of Liv-
ing Matter, Department of Physics and Materials Science, University
of Luxembourg, Luxembourg — ?Department of Mechanical Engineer-
ing, National Institute of Technology Durgapur, India — 3Department
of Plankton and Microbial Ecology, Leibniz Institute of Freshwater
Ecology and Inland Fisheries, Stechlin, Germany — “Institute of Bio-
chemistry and Biology, Potsdam University, Germany — °Institute for
Advanced Studies, University of Luxembourg, Luxembourg

Motile phytoplankton shuttle between bright surface waters and deeper
nutrient rich layers, usually controlled by internal circadian clocks. Yet
many species show irregular movements, defying the expected circa-
dian rhythm. Studying a bloom forming photosynthetic species, we
found that cells adjust their vertical migration by altering local pH,
mediated by a shift in their gravitactic behavior. This self-modulation
of pH generates sub-populations which are physiologically similar but
swim differently, remaining vertically separated even under uniform
conditions. Supported by a cell-level analysis and mathematical model,
we confirm that the pH-mediated circadian shift is underpinned by
morphological adjustments. Our results support a circadian gravitac-
tic model in which diurnal pH control drives diversified migration,
enhancing fitness particularly in acidifying oceans.
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CPP 2: Sustainability: Challenges and Solutions (joint session UP/CPP /SOE)

Accompanying session to Symposium SYSC
Time: Monday 9:30-10:30

CPP 2.1 Mon 9:30 MER/0002
Making a university climate neutral: First experiences from
implementing a Climate Protection Strategy at the Univer-
sity of Greifswald — eCHrisTorH G. HorrFManN, TiEMO TiM-
MERMANN, and CHRISTIAN VON SAVIGNY — University of Greifswald,
Greifswald, Germany

With a resolution of its Academic Senate, the University of Greifswald
has in 2021 set the goal to achieve climate neutrality by the end of the
decade.

While the aim of achieving climate neutrality within a few years
is expectedly ambitious, a university as a bigger research institution
has also a unique combination of knowledge to achieve it. This has
already led to synergies from which particularly the teaching in the
environmental subjects can benefit due to "home-made" practical ex-
periences. This makes the whole University a living lab, in which the
opportunities but also challenges of necessary transformations can be
explored in an assessable setting.

Therefore, also the environmental physics group aims at contribut-
ing to and benefiting from this process. While our group is originally
focused on basic atmospheric research, we cover a broader range of en-
vironmental physics topics in teaching, which overlap with the needs
of the transformation process.

In this talk, we will give a short overview of the Climate Protection
strategy of the University of Greifswald before we show some examples
from our own work regarding the energy consumption of buildings.

CPP 2.2 Mon 9:45 MER/0002
Life Cycle Assessment practices for PV technologies: system-
atic literature review — eZEENA PATEL — Technische Universitit
Ilmenau

In response to the growing importance of sustainability in solar energy
development, this study addresses critical gaps in the application of
Life Cycle Assessment (LCA) to photovoltaic (PV) technologies. A
systematic review of 48 recent LCA studies across first-, second-, and
third-generation PV systems was conducted to evaluate current prac-
tices, identify methodological inconsistencies, and highlight emerging
trends. Despite increasing research interest and technological diver-
sification, substantial variability exists in the definition of functional
units, system boundaries, and impact categories, which hinders com-
parability and reproducibility. The widespread reliance on secondary
databases and the limited use of primary, site-specific data further con-
strains the accuracy of environmental impact assessments. Addition-
ally, the underutilization of Life Cycle Costing (LCC) and inconsistent
application of sensitivity analyses reveal significant gaps in comprehen-
sive sustainability evaluation. To advance the field, this study proposes
standardization of LCA methodologies, improved data transparency,
and expansion of impact categories beyond global warming potential
to include toxicity and resource depletion. These measures are essen-
tial for enhancing the robustness, reliability, and policy relevance of
PV LCA studies, thereby supporting sustainable innovation and de-

Location: MER/0002

ployment in the solar energy sector.

CPP 2.3 Mon 10:00 MER/0002
Electrochemical Modeling of SOFCs with Emphasis on Mi-
crokinetic and Anode Overpotential — eIraMm GuL!, GABRIELA
SorFIaTI?, and THIAGO LoPEs® — 'Research Center for Greenhouse
Gas Innovation, University of Sao Paulo (USP), 05508-030, Sao Paulo
* SP, Brazil — 2Institute of Physics (IFUSP), University of Sdo Paulo,
Universidade, R. do Matao, 1371 - Butanta, Sao Paulo - SP, 05508-090
— 3Research Center for Greenhouse Gas Innovation, University of Sdo
Paulo (USP), 05508-030, Sao Paulo * SP, Brazil

This study investigates Solid Oxide Fuel Cells (SOFCs) using a CO/H
fuel mixture, focusing on thermodynamics, mass transport, and elec-
trochemical kinetics. Thermodynamic properties such as heat capacity,
enthalpy, entropy, and Gibbs free energy were analyzed across 600-
800°C using MATLAB simulations. The Dusty Gas Model (DGM)
revealed key mass transport behaviors in the anode, while Density
Functional Theory (DFT) using VASP provided insights into surface
reaction mechanisms. A microkinetic model examined the impact of
anode overpotential on reaction kinetics and cell performance. Results
show that higher temperatures improve mass transport and reduce
Ohmic losses but slightly decrease the thermodynamic driving force.
This multi-scale model enhances our understanding of SOFC behav-
ior and offers a basis for improving fuel cell efficiency and material
performance.

CPP 2.4 Mon 10:15 MER/0002
Thermal stability of ceria-zirconia oxides( CeZrO4) nanopar-
ticles using combustion synthesis for the CO oxidation and
NOx reduction — eHamza MounamEp — IMMM, UMRS 6283
CNRS, Le Mans Université, Bd O. Messiaen, 72085 Le Mans Cedex
09, France

The study presents a green synthesis approach for fabricating ceria-
zirconia oxide nanoparticles (CeZrO4 NPs) using the solution combus-
tion synthesis method. The synthesized CeZrO4 nanoparticles were
characterized using various sophisticated instruments and methods to
determine their detailed properties. The UV-Vis spectra showed a
characteristic absorbance peak at 242 nm and a band gap (Eg) of 3.05
eV. Simultaneously, Fourier transform infrared spectra of CeZrO4 NPs
displayed bands at 418 cm-1, 991 cm-1, 1382 cm-1, 1658 cm-1, 2306
cm-1, 3288 cm-1, and 3643 cm-1, which indicates the presence of phy-
tochemicals that facilitate the reduction and stabilization of CeZrO4
NPs. The major peaks for cubic CeZrO4 NPs were obtained with a
crystalline size of 9.6 nm by X-ray diffraction. The microscopic anal-
yses revealed irregular, ovoid, and aggregated morphologies with sizes
ranging from 3 to 10 nm. The XPS analysis revealed the existence
of Ce3d, Zr3d, Cls, and Ols states with their corresponding atomic
percentages. Therefore, this investigation focuses on synthesizing cat-
alysts that demonstrate both thermal stability and high catalytic ac-
tivity for the oxidation of CO and the reduction of NOx.
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CPP 3: French-German Session: Membranes and Porous Materials |

Time: Monday 9:30-11:00

Invited Talk CPP 3.1 Mon 9:30 ZEU/LICH
Theory and Modeling of Fluid Adsorption and Transport in
Nanoporous Materials — eBenoiT CoasNE — CNRS/University
Grenoble Alpes, Grenoble, France — Institut Laue-Langevin, Greno-
ble, France

Nanoporous materials are at the heart of numerous important appli-
cations: adsorption (gas sensing, chromatography), energy (hydrogen
storage, fuel cells and batteries), environment (phase separation, wa-
ter treatment, nuclear waste storage), etc. Among these materials,
nanoporous solids which have pores of the order of nm (e.g. active car-
bons, zeolites), are particularly interesting as ultraconfinement in their
porosity leads to novel adsorption and transport phenomena. In this
talk, we will present how molecular simulation and statistical physics
allows developing models for adsorption and transport in these ex-
tremely confining materials. We will see how simple thermodynamic
modeling allows rationalizing adsorption by considering reminiscent
capillarity at vanishing lengthscales. Then, we will show how trans-
port in nanoporous media can be described without having to rely
on macroscopic concepts such as hydrodynamics. In particular, using
parameters and coefficients available to experiments, we will see how
transport coefficients can be rigorously upscaled using simple models
such as intermittent brownian motion and free volume theory.

CPP 3.2 Mon 10:00 ZEU/LICH
Optimizing the Fabrication of Isoporous Block Copoly-
mer Membranes by Concurrent Multi-fidelity Simulations —
oGREGOR HAFNER and MARcus MULLER — Institute for Theoretical
Physics, University of Gottingen, Germany

Integral-asymmetric copolymer membranes promising promising class
of functional macromolecular systems with diverse potential applica-
tions, including water purification and protein separation. Their fab-
rication is a two-step process: solvent evaporation and subsequent
nonsolvent-solvent exchange to create an isoporous top-layer, and a
spongelike substructure. We model the process using two comple-
mentary schemes — a highly coarse-grained, particle-based model that
treats the polymer chains directly, and a continuum model, describing
the system only by its concentration fields. To exploit the accuracy of
the former while retaining the efficiency of the latter, we couple these
for a concurrent multi-fidelity simulation. The continuum simulation
treats the whole system, spawning a particle-based simulation in the
region of its lowest accuracy. For this, a neural network is employed
to estimate the future error and guide the decision of the subdomain
position. We achieve a tenfold increase in computational efficiency
compared to pure particle-based simulations, enabling us to investi-
gate large film depths. Our simulations delineate a process window for
successful membrane fabrication, which fully match the experimentally
accessible parameters, showing an isoporous top layer, a porous sub-
structure and finger-like macrovoids, allowing us to guide experimental
membrane optimization.

CPP 3.3 Mon 10:15 ZEU/LICH
In situ monitoring of relaxation dynamics in polyethylen-
imine during CO2 absorption and desorption — eMARTIN
TrEss — Peter Debye Institute for Soft Matter, Leipzig University

Chemical reactions between carbon dioxide (CO2) and amine have
been extensively characterized, however, their influence on the dy-
namics of polyamines remains largely unexplored. In this work, we
compare the dynamics of polyethylenimine (PEI) before and after
CO2 absorption through broadband dielectric spectroscopy (BDS) [1].
Upon CO2 absorption, thin film PEI shows a slower dynamics, which
is consistent with an elevated glass transition temperature revealed in
complementary differential scanning calorimetry measurements. In-
situ kinetics measurements in thin film samples as well as PEI-infused

Location: ZEU/LICH

porous silica demonstrate complex changes in the overall permittivity
as well as relaxation times and relaxation amplitudes of some pro-
cesses during CO2 sorption or desorption. This suggest an intriguing
interplay between physical and chemical CO2-sorption, diffusion and
the dynamics of PEI. Finally, a tentative model will be presented to
describe the observed curves qualitatively. These results demonstrate
that BDS is a powerful in-situ-platform to resolve the temporal dy-
namical changes of polyamines and their impact on sorption kinetics,
and may inform specific system adjustments to improve CO2 capture
performance.

[1] M. Tress, S. Ahmadi and S. Cheng, AIChE J. 71 (2025) e18627

CPP 3.4 Mon 10:30 ZEU/LICH
Scalable and Tunable Carbon Nanomembranes for Selective
Molecular Transport — eZHEN Yaol, JAN BIEDINGER!, MARTIN
WoRTMANNY, NikoLAUsS MEYERBROKERZ, YANG YaNc!, ANDREAS
HoTTeEN!, GUNTER REss!, and ArRMIN GoLzHAUSER! — 1Bielefeld
University, Bielefeld, Germany — 2bCNM Technologies GmbH, Biele-
feld, Germany

Carbon nanomembranes (CNMs), molecularly thin two-dimensional
materials with intrinsic sub-nanometer pores, provide a versatile plat-
form for nanofluidics. Their ultrathin structure enables fast molecular
flux, while surface chemistry and pore architecture can be tailored
for selective transport. We present a scalable synthesis route based
on electron-induced crosslinking of spin-coated poly(4-vinylbiphenyl)
films, combined with atomic layer deposition (ALD) for pore and sur-
face functionalization. This strategy enables precise tuning of pore di-
mensions and hydrophilicity, yielding CNMs with water vapor perme-
ance as high as 1.9 x 1075 mol s~ ! m—2 Pa—! and H20O/Ng selectivity
above 10000, outperforming state-of-the-art polymer and graphene ox-
ide membranes. These results establish CNMs as promising candidates
for energy-efficient dehumidification and gas separation. Together,
these studies demonstrate how scalable fabrication and nanoscale in-
terface engineering translate into tunable nanofluidic transport, high-
lighting CNMs as a versatile materials platform for separations, sens-
ing, and controlled molecular flow.

CPP 3.5 Mon 10:45 ZEU/LICH
Is it possible to use nano-confined water for cloaking or
magnifying of static electric fields? — eKira Fiscuer!, JuLia
BranDpT!, PHILIPP STARK?, ALEXANDER PETROV!, and ALEXANDER
ScuLAicH! — 'Hamburg University of Technology — 2University of
Stuttgart

Assuming radial anisotropy in the dielectric response of water in cylin-
drical or spherical confinement, Kettunen et al., have shown that for
certain ratios of permittivity contrast it is possible to cloak the interior
sample, or to magnify the response of an inner cylinder. Indeed, water
at interfaces and in confinement shows a strongly anisotropic dielectric
response, with high dielectric permittivity in parallel and low permit-
tivity perpendicular to the interface, as observed experimentally by
Fumagalli et al.

Here, we probe the radial and azimuthal dielectric response of wa-
ter in cylindrical confinement. We do so by calculating the dielectric
permittivity profile from molecular dynamics simulations, both using
a Green-Kubo relation as well as applied fields. Near the interface,
we observe a high dielectric permittivity in the azimuthal direction
and a low dielectric permittivity in the radial direction of the cylinder,
supporting the concept of radial anisotropy.

Applying a static, homogenous external field we then analyse the
resulting water polarization. The observed effective response of water
inside a cylinder is almost bulk like, and no significant cloaking effect is
observed. We use effective medium theory to rationalize this behavior
and discuss possible applications of cloaking in model fluids.
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CPP 4: Energy Storage Materials and Devices |

Time: Monday 9:30-11:15

Invited Talk CPP 4.1 Mon 9:30 ZEU/0255
Exploration of Cathode Materials for Li-S Batteries — eYaN
Lu — Helmholtz-Zentrum Berlin fiir Materialien und Energie, Berlin,
Germany

Recently, a lot of efforts have been devoted into lithium-sulfur (Li-S)
battery system due to its high theoretical capacity (1675 mAh g-1)
and low cost, which could be a competitive candidate for the next-
generation batteries in the future. However, it suffers from a poor
cycling stability during charging-discharging, which is blamed to the
”shuttle effects” of lithium polysulfides. Fundamental understanding
of the formation and dissolution processes of both solid phases, S8 and
Li2S, is necessary for the development of advanced cathode materi-
als (both organosulfur and metal compound-based sulfur host) with
improved electrochemical performance. Synchrotron-based operando
high-resolution X-ray imaging has been successfully used for the de-
tailed morphology study of sulfur particles during cycling of the bat-
tery cells. Using colloidal route, complex hybrid carbon nanostructures
have been synthesized using colloidal polymeric particle as soft tem-
plate, which have been applied as cathode materials for Li-S batteries.

CPP 4.2 Mon 10:00 ZEU/0255
Temperature-dependent Crystal Structure of Dimethyl Car-
bonate — eLeAa WEesTPHALY'2, PETER MULLER-BUuscuBauM!, and
ANATOLIY SENYSHYN? — 1TUM School of Natural Sciences, Chair for
Functional Materials, Garching, Germany — 2MLZ, TUM, Garching,
Germany

The performance and safety /stability of Li-ion batteries (LIBs) can be
enhanced by optimizing the charge-storing electrode materials and/or
the charge-mediating liquid electrolytes. In LIB research, the major
focus has been on the electrode subsystem, while liquid electrolytes
are studied much less. Upon cooling of LIBs to investigate their per-
formance at low temperatures, a series of Bragg reflections has been
observed, which was assigned to the freezing of liquid electrolyte. Fur-
ther measurements reveal the development of long-range order in the
model electrolyte mixture LP30. To better understand this emerging
order, it is essential to investigate the system’s individual components,
especially under conditions near room temperature relevant to in situ
sub-ambient LIB studies.

This contribution outlines our efforts to crystallize Dimethyl Car-
bonate with minimized preferred orientation, in order to study the
unit cell across the entire solid temperature range using neutron- and
synchrotron-based powder diffraction. The datasets are complemented
by synchrotron single-crystal diffraction experiments. Additionally,
the liquid state is investigated by Total Scattering and Pair Distribu-
tion Function analysis.

CPP 4.3 Mon 10:15 ZEU/0255
Electron Energy Loss Spectroscopy for oxidation state anal-
ysis on ammonia synthesis catalysts — eDANIELA RAMERMANN,
MicHAEL PoscHMANN, ErLisaBeTH H. WoLr, HoLGErR RuLanD, and
WaLip HEtaBA — Max-Planck-Institut fiir Chemische Energiekonver-
sion, Miilheim (Ruhr)

Electron energy loss spectroscopy (EELS) is a powerful technique, not
only for the determination of elemental compositions, but also for the
investigation of chemical bonding and oxidation states. For the anal-
ysis of EELS data, the use of cross-section models is quite common,
but the use of reference spectra improves the quantification results.
In addition, it allows for the fitting of the edge shapes to investigate
oxidation states with the spatial resolution of the electron microscope.

Because the available databases for EELS references [1] are not
exhaustive, reference materials are obtained from acquired commer-
cial materials of well-known and defined properties. It is crucial to
thoroughly characterize these materials before measuring the reference
spectra, as the materials may have local impurities or differ from the
desired oxidation state. For the Fe-based catalyst system some refer-
ence materials are of mixed oxidation state, presenting an additional
challenge.

We show the process of acquiring suitable EELS references for ma-
terials used in catalysis and the application of mapping the oxidation
state and phase composition on a Fe based ammonia synthesis catalyst.

[1] https://eelsdb.eu, https://eels.info/atlas
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CPP 4.4 Mon 10:30 ZEU/0255
Investigating the Conversion Reaction of the Cathode Ac-
tive Material FeSs in Solid-State Batteries via Transmission
Electron Microscopy — eFranziska HUpPE!, MATILDE PaAvan?,
SuamaiL AHMED!, JURGEN BerLz!, JURGEN JANEK?, and KER-
sTIN VoLz! — 1Philipps-Universitit Marburg, Department of Physics
and mar.quest, Hans-Meerwein-Strafe, 35043, Marburg, Germany —
2 Justus-Liebig-Universitit Giefen, Institute of Physical Chemistry
and Center for Materials Research, Heinrich-Buff-Ring, 35392, Giefien,

Germany

Solid-state batteries are particularly promising for high-energy stor-
age, as they potentially allow for the use of electrode materials with
higher specific capacities. In the case of FeSg as cathode active mate-
rial, also the cost effectiveness and the environmental impact would be
drastically enhanced. However, FeSy is a conversion-type material that
undergoes continuous compositional and structural changes during cy-
cling that is not yet fully understood at the micro- and nanoscale.

Scanning transmission electron microscopy (STEM) offers structural
insights at high resolution and is combinable with deepening investi-
gation methods like energy dispersive X-ray spectroscopy (EDX) and
electron energy loss spectroscopy (EELS) to identify the different com-
pounds forming during different depth of discharge (lithiation).

The pristine, uncycled cathode sheet contains FeSg particles with
cubic structure. With increasing depth of discharge, the particles re-
act from the outside in, forming core-shell structures. The multimodal
STEM analysis will be discussed in detail during the presentation.

CPP 4.5 Mon 10:45 ZEU/0255
Dual-cation pre-intercalated hydrated vanadium oxide for ul-
tralong cycling stability in aqueous zinc-ion batteries — eYaAN
RaN, Huapring ZHAO, and YoNnc Ler — Fachgebiet Angewandte
Nanophysik, Institut fiir Physik & IMN MacroNano, Technische Uni-
versitdat Ilmenau, 98693 Ilmenau, Germany

In this work, hydrated vanadium oxide with pre-intercalated K and
Mn ions (K0.07Mn0.13V205*1.47TH20) was synthesized via a one-step
hydrothermal method, demonstrating an excellent specific capacity of
524.7 mA h g-1 at 0.1 A g-1, and outstanding stability with 82.47%
capacity retention after 20,000 cycles at 5 A g-1. The co-intercalation
of dual cations increases the interlayer spacing while stabilizing the
material structure, expanding the ion transport channels, and improv-
ing both the specific capacity and long-cycle stability. Moreover, the
Zn2+/H+ co-intercalation mechanism was confirmed by ex-situ char-
acterization. This work will provide insights for the development of
competitive cathodes in high-performance aqueous batteries.

CPP 4.6 Mon 11:00 ZEU/0255
Unveiling the Interfacial Behavior of Lithium Batteries
by Operando X-ray Scattering — eYuxiNn Lianc!, Fapian
ApreLBEcK!, Kun Sun!, Ymevine Yan!, Lvuvane Cueng!,
GuancJiu  Pan!, TiaNnLE ZHENG', Yasun CHENGZ, ANTON
Davypok3, CHrisTINA KRywka®, and PETER MULLER-BuscuBaum!
— 1TUM School of Natural Sciences, Chair for Functional Materials,
Garching, Germany — 2College of Renewable Energy, Hohai Univer-
sity, Changzhou, China — 3Helmholtz-Zentrum Hereon, Geesthacht,

Germany

Poly(ethylene oxide) based solid composite electrolytes suffer from
poor conductivity and lithium dendrite growth, especially toward the
metallic lithium metal anode. In our recent work, we focus on the fab-
rication and comprehensive characterization of performance-enhanced
PEO-based composite electrolytes for lithium batteries. Advanced
nano-focus X-ray scattering techniques were used to investigate the
interfacial behavior within the lithium metal battery, as well as its fail-
ure mechanisms. With the modification of plasticizer, the electrolyte
exhibit good electrochemical performance and interfacial compatibil-
ity. However, the reference electrolyte exhibit early dendrite forma-
tion from the lithium surface into the electrolyte, leading to persistent
structures that degrade performance. The results highlight the po-
tential of these fabrication and analysis methods, demonstrating their
application in advancing lithium battery technologies and contributing
to the development of cutting-edge characterization techniques.
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CPP 5: Wetting, Fluidics and Liquids at Interfaces and Surfaces | (joint session CPP /DY)

Time: Monday 9:30-11:00

Invited Talk CPP 5.1 Mon 9:30 ZEU/0260
Cleaning of dusty surfaces — eDoRris VOLLMER!, FRANZISKA
SaBatu!, ApuHINAV Naca?, STeraNIE KIrRscHNER!, TaRIK
Karakaval, RUbiGErR BERGER!, HaNs-JURGEN Burt!, and HaLim
Kusumaarmasa? — Max Planck Institute for Polymer Research,

55128 Mainz, Germany — 2Ackermannweg 10

The accumulation of dust, sand or other contaminants on solar mod-
ules leads to significant efficiency losses. Billions of litres of water
are used annually to clean solar modules, and other natural or man-
made surfaces. However, the complex interplay between capillary and
frictional forces, which determines successful removal or unwanted
redeposition, is still poorly understood. By combining confocal mi-
croscopy and Boltzmann lattice simulations, we observe and quantify
the removal of particles from smooth and rough surfaces by a water
droplet, varying the hydrophobicity of the surface and the particles.
Hydrophilic particles aquaplane, resulting in negligible friction and
easy particle removal. For hydrophobic particles, the tangential com-
ponent of the capillary force promotes or counteracts particle removal.
Undesirable redeposition depends on the number and wettability of
the particles. On superhydrophobic surfaces, the small contact area
facilitates easy removal. For individual particles, we propose a phase
diagram for particle removal.

CPP 5.2 Mon 10:00 ZEU/0260
Marangoni contracted droplets on Textured Surfaces: In-
sights from Lubrication Theory — eRAPHAEL SAISEAU, ZE XU,
and STEFAN KarpriTsSCcHKA — Fachbereich Physik, Universitdt Kon-
stanz, 78464 Konstanz, Germany

Wetting and evaporation of droplets on micropatterned surfaces are
central to both natural processes and technological applications, from
anti-icing and spray cooling to inkjet printing and semiconductor pro-
cessing. Droplet behavior on such surfaces is set by surface chemistry
and topography, and most control strategies traditionally rely on spe-
cific materials or designs, limiting their versatility.

By depositing droplets on top of a pillars-decorated substrate in
a vapor-controlled chamber, we show that the spreading and wicking
can be controlled, and even temporarily suppressed, by using the vapor
of a second, low-surface tension liquid, generating Marangoni stresses
through its condensation near the droplet edge. We present numeri-
cal and semi-analytical solutions of the thin film equation coupled to
a composition evolution equation, and diffusion-limited evaporation.
The wicking effect of the texture is implemented through an effective
height-dependent pressure, analogous to classical hemiwicking models.
The emerging Marangoni flows oppose the prevailing capillary flows,
leading to a quasi-stationary rather than a spreading or wicking drop.
We derive a predictive relation between material parameters and drop
shape, opening the way for designing controlled coating, cleaning and
drying strategies on textured surfaces.

CPP 5.3 Mon 10:15 ZEU/0260
Photoswitchable Arylazopyrazole Monolayers on Aluminum
Oxide for Tunable Wettability — eTim BLINZER, CHRISTIAN
Honnigrort, and BJORN BRrRAUNscHWEIG — Institute of Physical
Chemistry and Center of Soft Nanoscience, University of Miinster,
Corrensstrafie 28-30, Miinster 48149, Germany

Smart surfaces that can change their wettability on demand are inter-
esting for applications such as self-cleaning or microreactors. To tune
the surface wettability, we functionalized aluminum oxide surfaces with
arylazopyrazole (AAP) phosphonic acids using a Langmuir-Blodgett
transfer. AAP molecules in the deposited monolayers undergo re-
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versible E/Z photoisomerization driving changes in surface wettabil-
ity. This was investigated as a function of surface coverage, where
the responsiveness—i.e. the changes in molecular structure and in the
apparent contact angle—was studied in detail. Here time-dependent
sum-frequency generation (SFG) was used to obtain in situ informa-
tion on the dynamic changes in monolayer upon E/Z switching with
520 nm green and 365 nm UV light. Furthermore, we show that in-
creasing surface roughness by depositing nanoaggregates of the AAP
phosphonic acid leads to a drastic increase in the change of the contact
angle when switching from the E to the Z isomer. Indeed, the change
in contact angle increased from only 7° for homogeneous monolayers
to about 20° for nanostructured surfaces using AAP aggregates.

CPP 5.4 Mon 10:30 ZEU/0260
Motion and interaction of Marangoni contracted droplets on
micropatterned surfaces — eZe Xu, RAPHAEL SAISEAU, and STE-
FAN KARPITSCHKA — Fachbereich Physik, Universitat Konstanz, Kon-
stanz, Germany

Wetting of micropatterned surfaces is ubiquitous in nature and key to
many technological applications like inkjet printing and semiconduc-
tor processing. Overcoming the intrinsic, chemistry- and topography-
governed wetting behaviors often requires specific materials, leading
to contradicting requirements between the processing strategy and the
final product. Here, we demonstrate that droplet spreading and wick-
ing on hydrophilic patterns can be controlled by the vapor of a lower-
surface-tension liquid. Condensation of the vapor induces Marangoni
forces that delay capillary wicking and contract liquid into a droplet on
top of the imbibed film. Consequently, a Marangoni-contracted droplet
coexists with a finite imbibition film for prolonged times. We demon-
strate how these droplets interact with each other, both by their vapor
cloud, and by the imbibed liquid film that surrounds them. Modu-
lating the ambient vapor, also these interactions can be modulated,
devising new strategies for coating, cleaning, and drying functional
surfaces.

CPP 5.5 Mon 10:45 ZEU/0260
Wetting of Swelling Polyelectrolyte Surfaces on a Macro-
scopic and Nanoscopic Scale — eMonA MELTscHOCH and REGINE
voN KriTziNng — Soft Matter at Interfaces, Institute for Condensed
Matter Physics, TU Darmstadt, Hochschulstrafe 8, D-64289 Darm-
stadt, Germany

Wetting on adaptive polymer interfaces plays an important role in soft
matter physics, particularly when spreading is affected by substrate
hydration. Polyelectrolyte multilayers (PEMs) are suitable model sys-
tems because they absorb water and evolve across multiple time scales,
creating a link between nanoscale polymer mobility and macroscopic
contact line motion. PEM films were prepared by the layer-by-layer
method, and their wetting behaviour was examined at different scales.
Nanoscale morphology and hydration were characterised by atomic
force microscopy (AFM), while macroscopic wetting was followed via
optical contact angle (CA) measurements. Previous studies report a
decrease in water CA on PSS-terminated PEMs under humid atmo-
sphere. To assess how film architecture affects wetting, PEMs with
varying bilayer numbers and terminal charge (PSS vs. PAH) were
fabricated, showing smooth surfaces and a linear thickness increase.
Current work explores AFM beyond static surface imaging by apply-
ing it directly to droplets on PEM films. This approach aims to track
local swelling, interface deformation and contact line behaviour under
liquid exposure. Measurements with different droplet liquids are being
established, with the long-term goal to link nanoscale hydration dy-
namics to macroscopic changes in contact angle and wetting evolution.
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Monday

CPP 6: French-German Session: Membranes and Porous Materials Il

Time: Monday 11:15-12:45

Invited Talk CPP 6.1 Mon 11:15 ZEU/LICH
Hierarchical Porosity Meets Nanoconfined Water: Toward
Water-Driven Functional Materials — ePaTrick HUBER — Ham-

burg University of Technology — Deutsches Elektronen-Synchrotron
DESY

Natural materials achieve remarkable functionality using only simple
chemical building blocks, relying on architectures that span multiple
length scales. A key feature of many biological systems is their hierar-
chical porosity, which guides fluid transport from large channels down
to nanopores where water acts as a nanoscale working fluid. In such
confined spaces, water displays distinct structural dynamics and inter-
facial behaviour that strongly influence mechanical, transport, and op-
tical responses. This contribution introduces a new class of sustainable
water-driven materials whose active behaviour originates from the in-
terplay between hierarchically porous solid networks and interfacial or
nanoconfined water. These Blue Materials exploit water-mediated pro-
cesses such as humidity-responsive actuation, capillary-driven trans-
port, and pore-structure controlled optical effects. Their functionality
is rooted in the precise design of their pore architecture, especially
at the nanoscale where confined water governs dynamic material be-
haviour. Beyond emulating natural processes, these principles open
pathways for harvesting electrical energy from environmental wetting-
drying cycles, offering a sustainable approach to energy generation in
porous materials.

CPP 6.2 Mon 11:45 ZEU/LICH
Accessing topological properties of mesoporous materials via
SDGW model — eGEoRaIY BArRoNCHAL, RUSTEM VALIULLINY, and
Eustatnios KikkiNiDEs? — !Felix Bloch Insitute for Solid State
Physics, Leipzig University, Leipzig, Germany — 2Department of
Chemical Engineering, Aristotle University of Thessaloniki, Thessa-
loniki, Greece

Gas sorption is commonly used to characterize mesoporous materials,
but its ability to reveal how pores are interconnected remains limited
due to an incomplete understanding of network effects on phase behav-
ior. In this work, we represent mesoporous structures using statistically
disordered Bethe, and apply a statistical-thermodynamic approach to
interpret adsorption/desorption or melting/freezing phase transitions.
We demonstrate that gas sorption analysis can be used not only to
determine pore size distributions, but also to quantitatively infer the
average interpore connectivity and correlations between pore diameters
in the material. At the same time, we find that sorption isotherms are
largely unaffected by other aspects of pore network topology. These re-
sults identify the key structural factors shaping sorption behavior and
broaden the capabilities of gas sorption for simultaneous assessment of
pore size distribution and mean connectivity in mesoporous materials.

CPP 6.3 Mon 12:00 ZEU/LICH
2D Water in Clay Nanoconfinement: Tiny Space for Large
Implications — eVasiLy ArTEmMov — Hamburg University of Tech-
nology

This talk presents recent advances in understanding the behavior of
two-dimensional water in clay nanoconfinement, with a focus on its
dielectric properties. Although clays are abundant, their crystal parti-
cles typically lack directional alignment. I will discuss an approach for
self-assembling clay particles into large, scalable membranes in which
the flakes are oriented parallel to each other, enabling a controlled and
reproducible platform for studies of confined water at the nanoscale.
Using this self-assembled nanofluidic platform, I will present experi-
mental evidence of confinement-induced charge-separation effects that
support electricity storage in water channels of 1 nm wide [1]. By com-
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bining insights from nanoscale physics, electrochemistry, and materials
science, I will highlight how confinement within clay interlayers can
influence ion transport, energy-storage phenomena, and our broader
understanding of water at the interfaces.

[1] V. Artemov, S. Babiy, Y. Teng, J. Ma, A. Ryzhov, T.-H. Chen,
L. Navratilova, V. Boureau, P. Schouwink, M. Liseanskaia, P. Huber,
F. Brushett, L. Laloui, G. Tagliabue, A. Radenovic, Bulk electricity
storage in 1-nm water channels, arXiv:2410.11983 (2024)

CPP 6.4 Mon 12:15 ZEU/LICH
Two coexisting populations of sorbed DMSO drive dis-
tinct structural changes in a swelling porous material —
RAmMUND TEUBLERD3, ALEXANDRA SEREBRENNIKOVA!:23 MAXIMIL-
1aN Fucus!3, Epuarpo Macnapo CHARRy!, RoBERT Sar!, EricH
LerrNer!3, and e KARIN ZoJeEr'® — 1Graz University of Technology,
Graz, Austria — 2Wood Kplus Competence Center, Linz, Austria —
3CDL for mass transport through paper, Graz, Austria

Understanding the swelling of cellulose-lignin-based fibers is essential
for describing the mechanisms governing water and volatile uptake in
porous materials such as paper. We reveal the dynamics of dimethyl
sulfoxide (DMSO) uptake and quantify the resulting changes in fiber
and sheet structure by combining three recently developed techniques
based on concentration determination in coupled uptake/release exper-
iments, microcomputed tomography (u-CT), and optical microscopy.
DMSO interacts with the fibers in a manner similar to water. We show
that DMSO is incorporated into the paper sheet in two distinct popu-
lations, each contributing differently to the structural evolution of the
material. The first population consists of DMSO molecules incorpo-
rated into the fibers, leading to fiber swelling. The second population
accumulates at the fiber surfaces; although these molecules bind to
and are released from the surface rapidly, they gradually modify the
fiber surface [1]. As a consequence, built-in stresses within the fiber
network are released, causing structural changes that persist long after
fiber swelling has ceased.

[1] R. Teubler et al., DOI: 10.1007/s10450-025-00656-x.

CPP 6.5 Mon 12:30 ZEU/LICH
Electrochemical control of photoluminescence emission by a
porous silicon membrane — eMaNUEL BRINKER! and PATRICK
Husger!:2 — lInstitute for Materials and X-ray Physics, Hamburg
University of Technology, Denickestr. 15, Hamburg 21073, Germany
— 2Centre for X-ray and Nano Science CXNS, Deutsches Elektronen-
Synchrotron DESY, Notkestr. 85, Hamburg 22607, Germany

Porous silicon is a highly versatile porous material with a broad range
of exceptional properties. Due to the geometrical confinement of the
pore walls, the band structure is strongly altered and the pore walls
effectively act as quantum wires. Thus, photons are emitted in the vis-
ible range when the membrane is excited by a UV source. This optical
effect has been widely researched and is the foundation for porous
silicon to be applied, e.g., as a sensor material in the life sciences.
Here, we study the influence of electrochemo-mechanical coupling on
the photoluminescence performance. Thereby, charge carriers are ac-
cumulated in the electric double layer of a porous silicon electrode by
charging it in an electrolyte solution. A change in surface stress at the
interface with the porous material is induced and results in an over-
all mechanical reaction of the porous material. The strain acting on
the pore walls consecutively influences the emission characteristics of
the photoluminescence emission. An extensive in-situ study ascertains
a highly linear dependence of the emission peak’s wavelength on the
charging state of the electrode. This research establishes the ground-
work for porous silicon electrodes to be utilized as mechano-optical
sensors.
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CPP 7: Emerging Topics in Chemical and Polymer Physics, New Instruments and Methods |

Time: Monday 11:30-12:45

CPP 7.1 Mon 11:30 ZEU/0255
Exploration of quantum-mechanical space towards olfacto-
rial receptor and body odor volatilomes interaction — eL1
CueN!, LEONARDO MEDRANO SaNpoNas!, SHirong Huanc!, and
GI1ANAURELIO CUNIBERT'?2 — lInstitute for Materials Science and
Max Bergmann Center for Biomaterials, TUD Dresden University of
Technology, 01062 Dresden, Germany — 2Dresden Center for Compu-
tational Materials Science (DCMS), TUD Dresden University of Tech-
nology, 010628 Dresden, Germany

We present the MORE-QX dataset generated from quantum-
mechanical (QM) simulations of atomistic systems spanning diverse
design stages for gas sensing. The dataset contains 23,838 and 10,441
BOV*receptor dimer systems in the gas phase and on graphene sur-
faces, respectively, to obtain sensing-related binding features. By an-
alyzing the property space spanned by MORE-QX, we observe sub-
stantial flexibility in identifying interaction configurations with de-
sired electronic binding characteristics, owing to the weak correlations
among the properties. To gain insights into the complex interplay
between these sensing properties, we construct tree-based machine-
learning models for fast evaluation of binding features using only QM
molecular properties, and combine them with an explainability frame-
work to identify the key design factors of BOV*receptor systems that
govern sensing performance. Our work provides valuable insights into
the sensing mechanism and design principles of olfactorial receptors
for BOV sensing.

CPP 7.2 Mon 11:45 ZEU/0255
Non-local diffusion model as a description for non-Gaussian
diffusion in scattering experiments — eHARISH SRINIVASANDZ,
VEERENDRA KUMAR SHARMAZ, and SUBHANKUR MITRAZ
Hnstitute of Applied Physics, University of Tiibingen, Tiibingen, Ger-
many — 2Solid State Physics Division, Bhabha Atomic Research Cen-
tre, Mumbai, India

We introduce a non-local diffusion (NLD) model that provides a unified
theoretical framework for describing non-Gaussian diffusive dynamics
in fluids. The NLD formulation generalizes conventional diffusion by
incorporating a jump kernel, enabling analytical characterization of
van-Hove self-correlation functions with exponential tails. This frame-
work naturally connects two major classes of anomalous transport ob-
served in scattering experiments: non-Gaussian fractional Brownian
motion (nGfBm) in sub-diffusive glass-formers, and Fickian yet non-
Gaussian diffusion (FnGD) in cage-jump dominated liquids. In the
nGfBm regime, the NLD description captures the crossover from non-
Gaussian to Gaussian sub-diffusion seen in molecular and polymeric
glass-formers [1]. In the FnGD regime, the NLD model predicts the ex-
ponentially fast approach to Fickianity and the much slower algebraic
restoration of Gaussianity [2]. Comparison with incoherent quasielas-
tic neutron scattering data across multiple systems demonstrates the
universal applicability of the NLD model and establishes non-local dif-
fusion as the common physical origin of non-Gaussian signatures in
molecular fluids. [1] H. Srinivasan et. al.,, Phys. Rev. Lett. 132,
058202 (2024) [2] H. Srinivasan et. al., arXiv:2504.15020 (2025)

CPP 7.3 Mon 12:00 ZEU/0255
Optimizing EquiDTB potentials for large-scale molecular
simulations — eZEKIYE ERARSLAN, GIANAURELIO CUNIBERTI, and
LEONARDO MEDRANO SANDONAS — Chair of Materials Science and
Nanotechnology, TUD Dresden University of Technology, 01062 Dres-
den, Germany

Density Functional Tight-Binding (DFTB) is a semi-empirical method
that enables efficient large-scale simulations at moderate computa-
tional cost compared to first-principles quantum-mechanical methods.
However, its generalizability is limited by the use of parameterized
pairwise repulsive potentials. The recently developed EquiDTB frame-
work [chemRxiv, 10.26434/chemrxiv-2025-z3mhh| has shown that re-
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placing this repulsive term with a many-body ATB potential—trained
using equivariant neural networks—significantly improves both the ac-
curacy and transferability of the DFTB method. As a result, EquiDTB
achieves hybrid DFT-PBEOQO level accuracy across diverse electronic,
structural, and vibrational properties of large molecules and molecular
dimers containing C, N, O, and H atoms. In this work, we extend
the EquiDTB framework by training a more general ATB potential
on the chemical space covered by the newly generated QCML dataset.
This expansion broadens EquiDTB beyond its original four-element
scope and enables accurate simulations of neutral molecular systems
containing C, N, O, H, P, S, Na, and Cl. We validate the performance
of the optimized EquiDTB model through extensive calculations on
large molecular dimers, RNA systems, and organic periodic materials.

CPP 7.4 Mon 12:15 ZEU/0255
MolecuTas: an ML platform for refining quantum proper-
ties and bioactivity of complex molecules — e ALvARO VALLEJO
Bay!, Jannis KrRUGER?, THoMmas HeLLweEG?, GERARDO PRIETO!,
and ViceNTE Domincuez Arca23 — 1Applied Physics, University
of Santiago de Compostela, Spain — 2Physical and Biophysical Chem-
istry, Bielefeld University, Germany — 3Biosystems and Bioprocesses
Engineering, IIM-CSIC, Spain
This work introduces MolecuTas, a neural architecture designed for the
ultrafast prediction of atomistic and molecular properties with accu-
racy approaching density functional theory, yet at negligible computa-
tional cost. The project tackles core challenges in computational chem-
istry, particularly the size dependence of predictive models and the
loss of structural detail in conventional representations. To overcome
these limitations, we develop a custom data extraction and molecular
fragmentation pipeline based on large quantum datasets, ensuring the
preservation of essential information such as connectivity, symmetries,
chemical environments, and electronic features.

Building on this foundation, we propose a family of advanced Graph
Neural Networks that explicitly integrate physicochemical principles
and disentangle local from global information, enabling robust general-
ization across diverse molecular systems. Ultimately, MolecuTas aims
to provide a reliable tool for molecular dynamics, enabling precise and
fast prediction of partial charges and other key descriptors required for
accurate simulations and next-generation chemical design.

CPP 7.5 Mon 12:30 ZEU/0255
Property-guided diffusion modeling for efficient exploration
of chemical spaces — e LEONARDO MEDRANO SANDONAS!, MICHAEL
Hannal, Jurian CreEMER2, and GiaNAURELIO CUNIBERTI! — 1TUD
Dresden University of Technology, Germany. — 2Pfizer Worldwide
R&D, Germany.

The rational in silico design of chemical compounds requires a deep
understanding of both structure-property and property-property rela-
tionships across chemical compound space, as well as efficient method-
ologies for defining inverse property-to-structure mappings. In this
presentation, I will discuss our recent efforts to leverage the ”freedom
of design” concept [Chem. Sci. 14, 10702 (2023)] in the chemical space
of drug-like molecules to develop an efficient generative Al framework
capable of designing molecular compounds with targeted quantum-
mechanical (QM) properties. To this end, we have implemented a
property-guided active learning approach that optimizes the perfor-
mance of equivariant diffusion models within each property space.
Generated molecules and their associated QM properties are validated
through exhaustive DFT calculations at the PBEO+MBD level using
the FHI-aims code. Our findings reveal a consistent improvement in
property accuracy when guiding the diffusion model to explore less
populated regions of the target property space. This performance is
further enhanced by incorporating molecular building blocks into the
initial training set. We expect our work to advance the development of
sustainable generative Al frameworks for identifying molecules tailored
to specific chemical processes.
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CPP 8: Wetting, Fluidics and Liquids at Interfaces and Surfaces Il (joint session CPP /DY)

Time: Monday 11:30-12:45

CPP 8.1 Mon 11:30 ZEU/0260
Do the particle number and wettability affect their remov-
ability by a single water drop? — eFRrRANzISKA SABATH!, AB-
HINAV Naca?2, HaLim KusumaaTrmasa?, and Doris VoLLMER! —
IMax Planck Institute for Polymer Research, 55128 Mainz, Germany
— 2Institute for Multiscale Thermofluids, School of Engineering, Uni-
versity of Edinburgh, United Kingdom

The accumulation of dust on surfaces, e.g. windows and solar panels,
is a well-known phenomenon in everyday life. The ratio of the capil-
lary force between particles and drop and the resistive forces between
particles and surface, i.e. friction and adhesion, determine whether the
particles can be removed by a water drop. The likeliness of particle
removal depends on both particle and surface wettability. It is still
questionable how the particle arrangement, the total resistive force
acting and the unwanted redeposition of particles depend on the num-
ber and wettability of the particles. Here, we investigate the removal of
hydrophobic and hydrophilic spherical particles from a flat surface. As
the number of hydrophobic particles increases, the total resistive force
increases, but not linearly, and overcomes the capillary force, causing
particle redeposition. In contrast, the hydrophilic particles slide on a
thin water film, reducing the particle-surface friction and no resistive
force is measured within our experimental resolution.

CPP 8.2 Mon 11:45 ZEU/0260
Modelling and simulation of capillary adhesion between
rough surfaces — eY1zHEN WAaANG, MARTIN LADECKY, and LARS
PasTEwkA — University of Freiburg, Freiburg, Germany

At a small enough length scale, surfaces are always rough, regardless
whether they are generated by nature or via artificial process. When
two such surfaces are placed close enough, the water molecules in the
humid air are adsorbed and hence form capillary bridges. Theories
for adhesive interactions typically use simple cohesive laws, which are
good models for Van-der-Waals interactions but may not be appro-
priate for capillary adhesion. We here construct a phase-field model
that explicitly represents water present between two contacting rough
interfaces. We show results obtained with this model on synthetic,
computer-generated, self-affine rough interfaces. In quasi-static sim-
ulation, we observe the merging and splitting of droplets under the
normal and shear movement of the interfaces. The overall force is
dominated by the perimeter of the droplet, indicating the importance
of a detailed understanding of droplet morphology.

CPP 8.3 Mon 12:00 ZEU/0260
Impact of surface wettability on the removal of montmoril-
lonite aggregates by water drops How natural dirt is removed
from various surfaces — eSTEFANIE KIRSCHNER, FRANZISKA.
SABATH, AZADEH SHARIFI-AGHILI, TARIK KARAKAYA, and Doris
VoLLMER — Max Planck Institute for Polymer Research, 55128 Mainz,
Germany

Natural dust on photovoltaic modules or windows, is a critical factor
that reduces their performance. Previous experiments focused on the
removal on single or many spherical particles. The removal of aggre-
gates of natural particles, is not yet understood. Here, we focus on
minerals, commonly present in desert dust. Using confocal laser scan-
ning microscopy the detachment behavior upon contact with a water
drop is measured on surfaces with different wettability. In addition,
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the force required to remove the aggregate by a sliding water drop was
investigated. During drying on a hydrophilic surface, the dispersed
particles cover a larger area. This increases the total contact area,
resulting in higher adhesion and reduced detachment. In contrast, hy-
drophobic surfaces promoted more compact aggregates with improved
removability. Finally, I will compare the detachment forces and the
removal behavior of different natural aggregates, e.g. soot, salt and
humic acid.

CPP 8.4 Mon 12:15 ZEU/0260
Equilibrium droplets on deformable substrates exhibit cloak-
ing and demixing at the three-phase contact line
eKnuaLiL ReEMinI', RALF SEEMANN!, Dirk PEscuka?, and BARBARA
WaGNER? — 1Universitiit des Saarlandes — 2Weierstrass Institute for
Applied Analysis and Stochastics

This work examines the equilibrium shape of liquid droplets on vis-
coelastic PDMS substrates with varying elasticities. By combining
atomic force microscopy (AFM) with an initial lift-off step, we re-
veal not only the top contour of the droplets but also the buried
droplet*substrate interface. A second lift-off step provides additional
structural details near the three-phase contact line (TPCL), where the
interfacial tensions adopt a Neumann balance. Quantitative analysis
of the reconstructed 3D droplet shapes shows that non-crosslinked,
liquid PDMS molecules are extracted from the elastic network under
stress and accumulate as a liquid rim around the droplet base, thereby
altering both the droplet shape and the substrate profile close to the
TPCL. These liquid molecules also cloak the droplets with a thin film,
modifying the effective surface tensions. Furthermore, dewetting ex-
periments demonstrate that this demixed liquid already appears at an
early stage of dewetting and remains at an approximately constant
amount throughout the process.

CPP 8.5 Mon 12:30 ZEU/0260
Tuning Sliding Drop Shape — eFionaA BERNER, CHAURASIA
RisH1, SAjjaD SHUMALY, CHIRAG HiNDUJA, HANS-JURGEN BuTT, and
RUDIGER BERGER — Max-Planck-Institut fiir Polymerforschung

The understanding of wetting phenomena plays a crucial role in many
daily processes. For example, dirt repelling glasses can be achieved by
a hydrophobic coating. Recently, Hinduja et al, reported on a scan-
ning drop friction force instrument (sDoFFI) to analyse friction forces
of drops on surfaces. A drop is fixated to an elastic force sensor with
spring constant x. The sample underneath the drop is moved with a
constant speed u leading to sliding of the drop at a defined trajectory
along surfaces. The deflection of the capillary,d, provides information
about the friction force between the drop and the surface, Fineas = k-d
Forces arising from CAH are given by the Furmidge equation, where
the drop*s sliding force Fo sy corresponds to

Foam = k-7 - w-(cos(Orec) — cos(Baqn)) (1)
where k is a geometrical factor, v is the liquid surface tension, w the
width of the drop and 6rec and 6,4, are the receding and advancing
contact angles, respectively. For small u we assume Fieqas = Foapg-
The parameters v, w, Orec and 0,4, are known or can be measured
optically. Thus, the geometrical factor k can be calculated. We realize
different geometries of the drop by glueing metal rings to the elastic
glass capillary. Shaping the metal rings forces the drop to shape. We
discuss experiments where we shape the drop into different width and
length and discuss dependence of the geometrical factor k.
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CPP 9: French-German Session: Simulation Methods and Modeling of Soft Matter |

Time: Monday 15:00-17:00

Invited Talk CPP 9.1 Mon 15:00 ZEU/LICH
Why Polymers Swell or Collapse: Molecular Insights into
Cosolute Effects — eNico vAN DER VEGT — Department of Chem-
istry, Technical University of Darmstadt

Water-soluble amphiphilic polymers are widely used as stimuli-
responsive materials. Their performance is governed by the coil-globule
transition, characterised by the theta temperature, which can be tuned
by adding small organic molecules (cosolutes). Although related phe-
nomena - such as cononsolvency and salting-out - are well understood
at a phenomenological level, their underlying molecular mechanisms re-
main unclear. This talk explores the solvation physics that determine
how different classes of cosolutes influence the coil-globule transition
of both generic hydrophobic polymers and realistic systems such as
poly(N-isopropylacrylamide), using computer simulations. We identify
two distinct molecular driving forces that regulate cosolute-induced
hydrophobic interactions, leading to either polymer swelling or col-
lapse. These driving forces depend sensitively on the relevant length
scales and expose the interplay between microscopic and macroscopic
solvation physics, underscoring the key role of solvent entropy in de-
termining the properties of responsive soft-matter systems. [1] Comm.
Chem. 3, 165 (2020), [2] PCCP 24, 2080-2085 (2022), [3] J. Chem.
Phys. 160, 164902 (2024)

CPP 9.2 Mon 15:30 ZEU/LICH
THz Pump Pulse Drives Nonlinear H-bond Dynamics in Lig-
uid Water — ePHILIPP ScHIENBEIN — Lehrstuhl fiir Theoretische
Chemie II, Ruhr-Universitdt Bochum, 44780 Bochum, Germany — Re-
search Center Chemical Sciences and Sustainability, Research Alliance
Ruhr, 44780 Bochum, Germany

Light-matter interactions are central to processes in nature, chemi-
cal engineering, and fundamental research. Of particular interest is
the frequency-dependent excitation of molecular systems by incident
light. Here, we present machine-learning-accelerated molecular dy-
namics simulations of water subjected to an intense, monochromatic
THz pump pulse, generating a total of 32 ns of trajectory data. The
light pulse is explicitly modeled via a time-dependent external elec-
tric field, extending our previous framework for field-driven machine
learning MD simulations, allowing us to observe the excitation in
realtime. Our simulations reproduce key experimental observables,
including transient dichroism and birefringence, and reveal that the
pulse transiently modulates hydrogen-bond dynamics: H-bonds be-
come markedly shorter-lived compared to unperturbed bulk water.
This response is nonlinear, ruling out pure heating and resolving the
experimental controversy. These results demonstrate that our machin-
ery to incorporate electric fields in machine learning MD simulations
can directly connect microscopic dynamics with measurable observ-
ables, further paving the way to controlling water dynamics - and
potentially chemical reactivity - through tailored light pulses, a long-
standing goal in chemistry.

CPP 9.3 Mon 15:45 ZEU/LICH
Fluctuating Solvent Fields and Vibrational Shifts Revealed
by Machine Learned Force Fields — eFLoORrRIAN BRUNIG and
ALEXANDRE TKATCHENKO — Department of Physics and Materials
Science, University of Luxembourg, Luxembourg

Fluctuating solvent fields is one of the driving mechanism behind vi-
brational shifts observed in solvatochromic experiments [1]. Previ-
ously, experimental infrared spectra have been correlated with mean
electric fields obtained from empirical force field molecular dynamics
simulations [2]. However, vibrational dynamics of these force fields are
insufficient to reproduce the experimental line shape properties.

Here, machine learned force fields (MLFFs) offer multiple oppor-
tunities: they are highly accurate, efficient, and can be interpretable
if based on physical models. We explore the capabilities of model-
ing solvatochromism of vibrational probes in solvent and protein en-
vironments employing the SO3LR [3] MLFF. SO3LR combines the
SO3krates architecture with pairwise analytical electrostatic and dis-
persion potentials in the long range, and was pretrained on a diverse
data set of molecular complexes. We show how fluctuating solvent
electrostatic and dispersion fields can be related to vibrational bands
in a self consistent manner due to the versatility of MLFFs.

[1] Briinig, FN, Netz, RR, et al. JPCB 126, 1579 (2022).
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[2] Weaver, JB, Kozuch, J, Kirsh, JM & Boxer, SG. JACS 144, 7562
(2022).

[3] Kabylda, A, Frank, JT, Miller, KR, Tkatchenko A, et al. JACS
147, 33723 (2025).

CPP 9.4 Mon 16:00 ZEU/LICH
Machine learning potentials for redox chemistry in solution
— eREDOUAN EL Haouari?2, EMIR Kocer! 2, and Jorc BEHLERD2
— 1Theoretische Chemie 1I, Ruhr-Universitit Bochum, Germany —
2Research Center Chemical Sciences and Sustainability, Research Al-
liance Ruhr, Germany

Most Machine-Learning Potentials (MLPs) currently in use are local,
which prevents the construction of accurate potentials for systems in
which long-range charge transfer is important. One example is the
distinction of different oxidation states of transition metal ions such
as ferrous (Fe?T) and ferric (Fe3t) ions in aqueous solution. In this
case the near-sightedness of local MLPs cannot account for distant
counter ions or non-local charge transfer. We show that 4th-Generation
High-Dimensional Neural Network Potentials (4G-HDNNPs), which
employ atomic charges obtained from charge equilibration as globally-
determined descriptors, do not suffer from this short-coming. For aque-
ous ferric and ferrous chloride, the model predicts iron oxidation states
correctly matching the total number of chloride ions in the system
demonstrating that physical knowledge about the system of interest
remains essential to construct reliable MLPs.

CPP 9.5 Mon 16:15 ZEU/LICH
Bridging Accuracy and Sampling: Insights into dAMP Sol-
vation from ML-potentials — eLAURIE STEVENs!2, RICCARDO
MARTINAZ, ALBERTA FERRARINI?, and MARIALORE SuLpizil —
LChair of Theoretical Physics of Electrified Liquid-Solid Interfaces,
Faculty of Physics and Astronomy, Ruhr-Universitat Bochum, Ger-
many — 2Department of Chemical Sciences, Universita degli Studi di
Padova, Italy

Although nucleotides are essential biomolecular building blocks,
key aspects of their structure and interactions, in particular the
steps enabling their assembly and polymerization, remain unclear.
Here, we investigate the conformational behavior of deoxyadenosine
monophosphate (dAMP) in solution using a combined computational-
experimental approach. We developed a highly accurate machine-
learning potential via active learning that thoroughly samples the free-
energy landscape, capturing critical conformational degrees of freedom
with near-chemical accuracy. This potential enables nanosecond-scale
simulations of water and nucleotides at a level previously inaccessible
with hybrid DFT methods. We find that, in solution, dAMP accesses
both anti and syn glycosidic conformations. We identify the anti and
high anti conformers as the most stable ones, we show that they under-
lie the intensity variations observed in mid-IR experimental spectra.

CPP 9.6 Mon 16:30 ZEU/LICH
Fine-Tuning Unifies Foundational Machine-learned Inter-
atomic Potential Architectures at ab intio Accuracy —
oCHRISTIAN DRESSLER, JoNAS HANSEROTH, Nawaz QAISRANI, and
AaroN FrLoToTrTO — TU Ilmenau, Institute of Physics, Germany

Machine-learned force fields (MLFFs) have enabled ab initio qual-
ity molecular dynamics at speedups of several orders of magnitude.
Foundation-model MLFFs, trained on extremely large and diverse
datasets, aim to provide broadly transferable force predictions, yet
their accuracy remains system-dependent. We investigate five state-
of-the-art foundation models (MACE, GRACE, ORB, MATTERSIM,
SEVENNET) and fine-tune them for seven chemically diverse sys-
tems.[1] Our results show that foundation models provide a useful
baseline but still deviate significantly from AIMD. Fine-tuning con-
sistently improves accuracy across all frameworks and yields predic-
tions that closely match AIMD reference data, while also reducing
performance differences between models. The final accuracy is largely
independent of the underlying architecture. These findings suggest
that, after fine-tuning, model choice is no longer the main bottleneck.
Prioritizing inference speed and computational efficiency may therefore
offer the greatest benefit for accelerating the practical use of ML-based
interatomic potentials in materials modeling.

[1] Hénseroth, , DreRler, Fine-Tuning Unifies Foundational
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Machine-Learned Interatomic Potential Architectures at ab initio Ac-
curacy, https://doi.org/10.48550/arXiv.2511.05337

CPP 9.7 Mon 16:45 ZEU/LICH
NMR crystallography at finite temperatures — eMATTHIAS
KELLNER and MicHELE CERIOTTI — Laboratory of Computational
Science and Modeling, Institut des Matériaux, Ecole Polytechnique
Fédérale de Lausanne, 1015 Lausanne, Switzerland

In this talk I will present our latest developments in machine-learning
models for predicting NMR chemical shieldings in organic molecular

solids. NMR shielding-driven structure determination protocols rely on
comparing experimental solid-state NMR shifts with simulations whose
accuracy is often limited by computational cost. We address these lim-
itations by combining ensembles of transformer-based shielding predic-
tors with molecular dynamics simulations using a novel, broadly appli-
cable machine-learning interatomic potential. This framework system-
atically improves agreement with experiment across many benchmark
systems, removes the need for empirical corrections and makes it appli-
cable also to disordered and amorphous materials. I will conclude by
showing applications of this framework to the structure determination
of amorphous active pharmaceutical ingredients.

CPP 10: Droplets, Wetting, and Microfluidics (joint session DY /CPP)

Time: Monday 15:00-18:30

CPP 10.1 Mon 15:00 ZEU/0118
Rayleigh instability in the presence of elastocapillarity —
oNI1PHREDIL KLINT and ANDREAS IsacssoN — Chalmers University
of Technology, Gothenburg, Sweden

A liquid jet, such as a stream of water, will disintegrate and form
droplets if the length-to-radius ratio exceeds a critical value. This
occurs due to propagating surface instabilities, a phenomenon known
classically as the Rayleigh instability. At the nanoscale, thermal fluc-
tuations affect the breakup dynamics, which may enter a stochastic
regime [1]. Placing an elongated nanoscale liquid drop with a high
aspect ratio on top of a highly compliant surface, the breakup process
is affected by additional noise from thermally excited flexural phonons
[2] as well as effects whereby the wetting causes the underlying surface
to deform. We use large scale molecular dynamics (MD) simulations
to examine the dynamics of the Rayleigh instability in the presence of
elastocapillary effects at ambient temperatures. Specifically, we study
the interactions between water and suspended graphene, where wet-
ting induced deformations may occur for nanoscale droplets [3]. We
focus on characterising the breakup and instability wavelength and iso-
late the effects of introducing graphene through a comparison of these
results to simulations of only water. We also identify the correlation
between out-of-plane fluctuations of the graphene and the concentra-
tion of water.

[1] J. Eggers, Phys. Rev. Lett. 89, 084502 (2002).

[2] M. Ma et al., Nature Mater. 15, 66 (2016).

[3] M. Kateb et al, Langmuir 39, 12610 (2023).

CPP 10.2 Mon 15:15 ZEU/0118
Air layers and wetting under drops impacting on pre-wetted
surfaces — eKIRSTEN HARTH and SHIvA MoORADIMEHR — Fachbere-
ich Technik, Technische Hochschule Brandenburg, Germany

Drop impact at low Weber numbers causes the formation of a (tempo-
rary) air cushion between the drop liquid and the substrate. On hard,
dry substrates, its qualitative thickness profile and the location of the
thinnest point are strongly governed by the Weber number. For im-
pact on bulk, soft surfaces, like PDMS gels, it was found that impacts
on softer substrates entrap more air [1]. Are there similar effects of
thin liquid films?

We address the air layer shapes, entrapped air volume and wet-
ting underneath droplets impacting on a hard substrate pre-wetted by
microscopic oil layers. We control the Weber number, the oil layer
thickness (in the range of micrometers), the oil viscosity, and in that
way the *softness* of the substrate. Despite the thinness of the film,
we observe clear effects of the oil layer on the volume and drainage of
the air entrapment, its profile shapes, and the wetting behavior.

[1] K.R. Langley et al., Soft Matter 16, 5702 (2020)

We acknowledge funding by DFG within SPP2171 (HA8467/2-1, 2-
2).

CPP 10.3 Mon 15:30 ZEU/0118
Memory Effects in Contact Line Friction — eNikLAs WoLF and
Nico vaN DER VEGT — TU Darmstadt, Darmstadt, Germany

When a drop of liquid comes into contact with a solid surface, it re-
laxes towards an equilibrium configuration, either wetting the surface
or remaining in a droplet-like shape with a finite contact angle. The
speed of this relaxation strongly depends on a friction force opposing
the movement of the three-phase contact line. In analogy to the treat-
ment of hydrodynamic friction we present an exact method, based on
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the Mori-Zwanzig formalism, to extract this friction from equilibrium
data. Within the linear response regime, we obtain the frequency-
dependent dissipative and elastic response of the contact line to an
external perturbation, including a frequency-dependent friction coef-
ficient. We find that the contact line exhibits long-lasting memory
with a power-law decay due to coupling to the systems hydrodynamic
modes. As a result the microscopic contact line dynamics are neither
Markovian nor determined by the movement of a few molecules in the
vicinity of the contact line.

CPP 10.4 Mon 15:45 ZEU/0118
Reaction-Mediated Arrest and Gradient-Driven Droplet
Transport — eSTEFAN KosTLER!2, YicnEnG Qianc!, MaLcoLm
SteEN'2, Guipo KusTERs!, and DavipD ZwickeEr! — 'Max Planck
Institute for Dynamics and Self-Organization, Am Fafiberg 17, 37077
Gottingen, Germany — 2University of Gottingen, Institute for the Dy-
namics of Complex Systems, Friedrich-Hund-Platz 1, 37077 G&ttingen,
Germany

Controlling droplet size and position is central to many biological and
engineering processes. Chemical reactions can arrest coarsening and
sustain spatial concentration gradients, while hydrodynamic flows gen-
erally accelerate coarsening and drive droplets along chemical gradi-
ents. Using continuum theory, we show that the competition between
reactions, diffusion, and hydrodynamic advection yields rich behavior
even in binary systems: Advection dominates the coalescence of small
droplets, diffusion leads to Ostwald ripening for intermediate sizes, and
reactions finally suppress coarsening. Interestingly, a range of droplet
sizes is stable, depending on initial conditions and the strength of ad-
vection. Crucially, chemical gradients can actively steer droplets and
couple to size-control. Our results demonstrate practical routes to con-
trol both the size distribution and spatial organization of droplets by
tuning chemical activity and gradient-driven flows.

CPP 10.5 Mon 16:00 ZEU/0118
From bipedal to chaotic motion of chemically fueled partially
wetting liquid drops — eFLORIAN Voss! and Uwe THIELE!"Z —
Hnstitute of Theoretical Physics, University of Miinster — 2Center for
Data Science and Complexity (CDSC), University of Miinster

Chemomechanical coupling is essential to various phenomena in soft
matter systems that are kept permanently out of thermodynamic equi-
librium, e.g., in reactive complex liquids. Based on a thermodynami-
cally consistent continuum model, we demonstrate that partially wet-
ting liquid drops covered by chemically reacting surfactants display a
variety of biomimetic motility modes like shuttling, bipedal, rotational
and quasi-random motion when supplied with chemical fuel from an
ambient bath. The dynamics originates from chemomechanical feed-
back between the reaction network on the drop and the Marangoni
effect [1] and becomes increasingly complex as a result of competing
length scales. Due to the generic underlying thermodynamic structure,
we expect that our results are also relevant for other chemically active
mixtures and soft matter systems.
[1] F. Voss and U. Thiele, Phys. Rev. Fluids 10, 94005 (2025).

CPP 10.6 Mon 16:15 ZEU/0118
Odd Droplets — eTHOMAS APPLEFORD — University of Amsterdam,
Amsterdam, Netherlands

In chiral systems such as active spinning colloidal matter, time-reversal
symmetry-breaking interactions often give rise to a macroscopic con-
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tinuum description in which the stress tensor contains off-diagonal
terms. In fluids, these off-diagonal components lead to so-called "odd-
viscous" deformations, in which energy is not dissipated. Odd viscous
fluids have been shown to exhibit a rich variety of phenomena, includ-
ing symmetry-broken flow around translating droplets and asymmetric
droplet spreading on superhydrophobic surfaces. Our work investigates
the behaviour of droplets in suspension. In particular, we present an
analytical solution to the droplet-in-shear problem within the frame-
work of two-dimensional odd Stokes flow, followed by the derivation
of a formula for the apparent viscosity of a dilute emulsion. We then
explore how chirality can be parametrically varied to tune the bulk
rheological properties and control the system’s overall energy dissipa-
tion.

CPP 10.7 Mon 16:30 ZEU/0118
Stretching and Sliding Capillary Bridges e LENNARD
Houscuun and Lars PasTEwka — University of Freiburg, Depart-
ment of Microsystems Engineering

Capillary forces play a critical role in the adhesion between two con-
tacting bodies. However, existing theories of macroscopic adhesion on
rough surfaces often assume dry conditions, attributing adhesive inter-
actions solely to dispersion forces and overlooking the effects of capil-
lary bridge formation. This study employs molecular dynamics simu-
lations to directly examine the interactions of nanoscale probes with
nominally flat surfaces in the presence of liquid bridges, which form
due to condensation in humid environments. The objective is to link
the thermodynamic understanding of capillary bridges with molecular
simulations and atomic-force microscopy experiments. These calcula-
tions focus on investigating energy dissipation during adhesion (normal
separation of the probe from the surface) and friction (lateral motion
of the probe). By quantifying the interplay between relative humidity,
adhesion, and friction, this work aims to improve the understanding of
macroscopic adhesion in humid conditions and guide the development
of materials with tailored properties for high-precision applications,
such as microelectronic manufacturing.

15 min. break

CPP 10.8 Mon 17:00 ZEU/0118
Hyperuniformity in Ternary Fluid Mixtures: The Role of
Wetting and Hydrodynamics — eNaADIA BiHart PApHaN and
AxEeL VoicT — Institute of Scientific Computing, TU Dresden, 01069
Dresden, Germany

Phase separation in multicomponent fluids underlies the organization
of complex materials and biological structures, including biomolecu-
lar condensates. The Cahn-Hilliard-Navier-Stokes (CHNS) framework
provides a natural description of such systems by coupling diffusive
and hydrodynamic processes. In this talk, I will present our study of
hyperuniformity—suppressed large-scale density fluctuations—in ternary
CHNS mixtures. We show that hydrodynamics systematically drives
the system toward less hyperuniform states and generates a rich set
of morphologies, such as interconnected droplets and double emulsions
reminiscent of biological phase separation. In partial-wetting regimes,
all three components display comparable hyperuniformity, whereas in
complete-wetting regimes the preferred wetting component exhibits a
marked loss of hyperuniformity. These results identify wetting asym-
metry as a key control parameter for spatial order in multiphase fluids
and offer a pathway for tuning large-scale organization in soft-matter
and biological systems.

References 1] Boyer, F. and Lapuerta, C., Study of a three compo-
nent Cahn-Hilliard flow model, ESAIM: Mathematical Modelling and
Numerical Analysis, 40, 653-687 (2006). [2] Padhan, Nadia Bihari and
Voigt, Axel, Hyperuniformity in ternary fluid mixtures: the role of
wetting and hydrodynamics, arXiv:2506.22647, (2025).

CPP 109 Mon 17:15 ZEU/0118
Effect of Flow Coupling on Defect Binding and Unbinding in
Nematic Fluids — eJAYEETA CHATTOPADHYAY, SIMON GULDAGER
ANDERSEN, KRISTIAN TH1JSSEN, and AMIN DOOSTMOHAMMADI —
Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17,
Copenhagen, Denmark.

Topological defects play a central role in the ordering and dynamics
of nematic fluids. We investigate how coupling to fluid flow modifies
defect-mediated phase transitions in two-dimensional nematics using
fluctuating nematohydrodynamic simulations. The system is driven by
tuning the fluctuation strength, with increasing and decreasing fluc-
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tuations defining forward and backward protocols. Without flow cou-
pling, the system undergoes a Berezinskii-Kosterlitz—Thouless (BKT)—
like transition via the reversible binding and unbinding of +1/2 de-
fect pairs. When hydrodynamics is included, the transition depends
on the flow-alignment parameter: non-aligning nematics (A = 0) re-
tain BKT-like behavior, whereas strain-rate—aligning nematics (A # 0)
form bend—splay walls, lowering the defect-creation threshold and pre-
venting recombination, leaving defects unbound across all fluctuation
strengths. In active nematics, defects remain unbound for all A\, show-
ing that self-generated flows also inhibit bound-pair formation. These
results demonstrate that coupling to fluid flow fundamentally alters
topological phase behavior, suppressing the equilibrium BKT binding
mechanism.

CPP 10.10 Mon 17:30 ZEU/0118
Electrophoresis in charged chiral active fluids with odd vis-
cosity — eREINIER VAN BUEL, Boapan CicHocKI, and JEFFREY Ev-
ERTS — Institute of Theoretical Physics, Faculty of Physics, University
of Warsaw, Pasteura 5, 02-093 Warsaw, Poland

Understanding the motion of colloidal particles dissolved in fluids that
exhibit odd viscosity — a specific component of the viscous stress tensor
found in e.g. chiral active fluids — is of particular interest for realis-
ing nontrivial particle transport and characterising out-of-equilibrium
thermodynamic properties. Although three-dimensional odd viscos-
ity has not yet been experimentally observed, charge stabilisation is
expected to be vital in enabling such measurements. Therefore, we
introduce the notion of a charged chiral active fluid and we investigate
some of its non-trivial electrokinetic properties. In particular, we fo-
cus on electrophoresis of a charged sphere suspended in such an odd
viscous fluid. Here, the peculiar nature of odd viscosity breaks the
spherical symmetry of the system, and through coupling with the elec-
tric double layer and its screening properties, alters the electrophoretic
mobility. Using the Lorentz reciprocal theorem, we derive expressions
for the electrophoretic mobility of a spherical particle based on the ana-
lytical solution for the uncharged flow. Furthermore, we highlight how
the Hiickel and Smoluchowski limits of the electrophoretic mobility are
affected by odd viscosity. Our results demonstrate that odd viscosity
leads to directional asymmetries in the electrophoretic mobility tensor,
suggesting mechanisms for active control of charged colloidal motion
in systems where odd viscosity is prevalent.

CPP 10.11 Mon 17:45 ZEU/0118
Experimentally probing microscale torsional memory in a
viscoelastic fluid — eNiLovyENDU Rov!, Ruravan Sana?, DE-
BANKUR Das?, Martuias KriiGER?, and CLEMENS BECHINGER! —
IFachbereich Physik, Universitit Konstanz, Konstanz, Germany —
2Institut fiir Theoretische Physik, Universitit Gottingen, Gottingen,
Germany

Motion of a colloid inside viscoelastic fluids follows non-Markovian
dynamics, meaning its trajectory is influenced by past motion. Such
memory effects are typically attributed to intrinsic material timescales
arising from relaxation of the fluid microstructure and are usually
probed using translationally driven colloids. Here we show experi-
mentally that rotational driving of a colloid by a controlled torque
elicits a far richer form of memory: the relaxation of the resulting tor-
sional stresses spans a broad distribution of timescales, even though
the fluid itself possesses a single dominant relaxation time. This be-
haviour allows time-dependent torsional driving histories to be encoded
and subsequently read out through characteristic non-monotonic recoil
responses. By mapping the flow field and the spatial distribution of
torsional stresses, we demonstrate that the geometry of rotation gen-
erates an orthogonality between the propagation of angular momen-
tum and the storage of torsional stresses, producing a spatio-temporal
memory field not accessible through translational forcing. These re-
sults establish torsional driving as a powerful route to generate, store,
and retrieve memory in viscoelastic fluids, opening new possibilities for
soft-matter information storage and torque-responsive microdevices.

CPP 10.12 Mon 18:00 ZEU/0118
3D Optofluidic Control Using Reconfigurable Thermal Bar-
riers — eFaLko ScuMmiDT!2, CarLOS Davip GoNzALEz?, MARC
SurLiger!, EmiLio Ruiz-Rena?, Raur A. Rica®, JAIME ORTEGA-
Arrovo!, and RoMAIN QuIDANT! — !Department of Mechanical and
Process Engineering, ETH Zurich, Zurich 8092, Switzerland — 2Peter
Debye Insitute for Soft Matter Physics, Leipzig University, 04103
Leipzig, Germany — 3 Universidad de Granada, Department of Applied
Physics, Granada 18071, Spain — “*Department of Applied Physics



Dresden 2026 — CPP

Monday

11, University of Malaga, Malaga 29071, Spain — °®Universidad de
Granada, Research Unit Modeling Nature (MNAT), Granada 18071,
Spain

Optothermal manipulation enables precise control of small particles
via optical and thermal forces, leveraging thermo-osmotic and con-
vective flows for short- and long-range motion. We present a recon-
figurable optofluidic method enabling diverse manipulations such as
guiding, sorting, trapping, and separating particles. Using light ab-
sorption on plasmonic surfaces of gold nanorods, localized hot spots
are generated, creating temperature-driven flows. A near-infrared laser
spatially modulates temperature landscapes, monitored by 3D holo-
graphic microscopy and optical diffraction tomography. Single and
double heat sources produce three-dimensional flow control. This cre-
ates an optofluidic barrier that redirects particles within a microfluidic
chamber. This approach offers a versatile foundation for advancing
microfluidic technologies, enabling applications in sorting, trapping,
and adaptive system design.

CPP 10.13 Mon 18:15 ZEU/0118

CPP 11: Active Matter Il
Time: Monday 15:00-18:30

CPP 11.1 Mon 15:00 ZEU/0160
Field-controlled self-organization in an active spin system
MINTU KARMAKARDZ3, eMATTHIEU MANGEAT?, SWARNAJIT
CuarterIEE>*, HEIKO RIEGER?, and Raja PauL3 — '"WIUCAS, Bei-
jing, China — 2Universitat de Barcelona, Barcelona, Spain — 3IACS,
Kolkata, India — %Saarland University, Saarbriicken, Germany — 5CY
Cergy Paris Université, Cergy-Pontoise, France

We investigate the collective response of active Potts particles to an
external magnetic field and uncover three striking nonequilibrium phe-
nomena. We first examine how the flocking transition is reshaped for
a homogeneous and unidirectional field: the coexistence regime be-
tween an apolar gas and a polar liquid is replaced by a phase separa-
tion between two polar-ordered phases, a low-density, weakly polarized
background and a high-density, strongly polarized band, both moving
along the field. Second, when the particles self-organize into a high-
density longitudinal lane whose long axis is perpendicular to the field,
the lane slowly treadmills against the field direction, driven by the
weakly polarized background. Finally, we identify a field-induced in-
terface pinning regime that arises when the domain is divided into
two regions with opposite field directions, causing particles to accu-
mulate and perform a back-and-forth motion at the interface. This
pinning phenomenon also leads to the emergence of a disordered state
in the presence of a random field orientation. A coarse-grained hydro-
dynamic theory supports and confirms the phenomena observed in our
microscopic simulations.

CPP 11.2 Mon 15:15 ZEU/0160
Nucleation kinetics in two-dimensional polar active fluids
— oYuTA Kuropa and THomMAs SpEck — Institute for Theoretical
Physics IV, University of Stuttgart, Germany

Polar active fluids constitute one of the most important classes of active
matter. These systems possess alignment interactions that cause the
local polarization to align with that of neighboring particles, leading
to a flocking transition in which global polar order emerges. Exten-
sive numerical and analytical studies have established that the flock-
ing transition is discontinuous, and consequently, the phase diagram
possesses a coexistence region in which propagating polar bands ap-
pear. Despite intensive studies on flocking transitions, the nucleation
mechanism responsible for the formation of these bands remains poorly
understood. In this work, we numerically investigate the nucleation ki-
netics of polar bands using a particle model, namely active Brownian
particles with a Kuramoto-type alignment interaction, and we report
the behavior of the nucleation rate over a wide range of parameters.

CPP 11.3 Mon 15:30 ZEU/0160
Collision dynamics of active Brownian hard disks — eJonas
BuBa — Soft Matter Theory Group, Theoretical Physics: Lab
for Emergent Phenomena, Friedrich-Alexander-Universitdt Erlangen-
Niirnberg, 91058 Erlangen, Germany

Active matter systems, composed of self-driven agents, display emer-

Dynamics and Ordering of Microdroplets in Marangoni Flow
Field — e AksHAY KALLIKKUNNATH and Frank CicHos — Molecular
Nanophotonics, Peter Debye Institute for Soft Matter Physics, Faculty
of Physics and Earth System Sciences, Leipzig University, Linnéstrafte
5, 04103 Leipzig, Germany

Collective organization and internal dynamics are intimately linked
and emerge across biological scales, with ordered structures providing
a framework within which individual constituents remain dynamically
active. Here, we study a system of water-in-oil microdroplets con-
taining heat-releasing particles that organize under thermally induced
flows. A sub-kelvin temperature increase from the heated particle at
the air-oil interface generates Marangoni circulation that advects the
droplets. Interactions through the flow field lead to robust ordering,
while internal particle dynamics reflect coupling between local thermal
gradients and microscale hydrodynamics. This provides a controllable
platform to probe self-organization and emergent order by generating
flows driven by weak, localized thermal fields in a fully fluid-in-fluid
environment.

(joint session DY /BP/CPP)
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gent behaviors such as collective motion, clustering, and motility-
induced phase separation (MIPS). To better understand the micro-
scopic origin of MIPS, we study collisions of active Brownian hard disks
within the framework of dynamical density functional theory (DDFT).
The particle interactions are modeled using fundamental measure the-
ory (FMT). Each particle is represented by a Gaussian density peak,
which allows us to quantify the mean delay from collisions for different
configurations. The post-collision density resulting from the simula-
tion can be described by a convolution of the pre-collision density,
enabeling the analysis of different contributions to the delay.

CPP 11.4 Mon 15:45 ZEU/0160
Active Ornstein-Uhlenbeck Particles: A Stochastic Path In-
tegral Approach — eCARSTEN LITTEK, MIKE BRANDT, and FALKO
Z1EBERT — Institut fiir Theoretische Physik, Universitdt Heidelberg,
Germany

In a recent publication (arXiv:2509.26296) we have developed a path
integral formulation of the stochastic dynamics of a single active Brow-
nian particle (ABP), with or without a constant torque, confined by
a harmonic trap. This approach is based on the particle’s microscopic
degrees of freedom and we have derived exact analytic time-dependent
expressions for key observable quantities such as the mean position and
mean square displacement without the necessity of solving the Fokker-
Planck equation. Here we present the application of this approach
to the dynamics of active Ornstein-Uhlenbeck particles (AOUP). In
particular, we generalize our formulation to systems of many AOUPs
interacting via a suitable two-particle potential and derive the statis-
tical quantities relevant in the context of collective phenomena, such
as motility-induced phase separation (MIPS).

CPP 11.5 Mon 16:00 ZEU/0160
Self-alignment and chirality in dense active matter: from
flocking to circling crystals — eMaRrRco MusaccHIO!, ALEXAN-
DER ANTONOV!, HarrmuT LOwEN!, and Lorenzo CAPRINIZ —
Hnstitut fiir Theoretische Physik II: Weiche Materie, Heinrich-Heine-
Universitat Diisseldorf, Universitéatsstrafte 1, D-40225 Diisseldorf, Ger-
many — 2Physics Department, University of Rome La Sapienza, P.le
Aldo Moro 5, IT-00185 Rome, Italy

Several experimental systems in active matter are characterized, at the
single-particle level, by an effective torque that aligns particle orien-
tation with their instantaneous velocity. This mechanism, known as
self-alignment, appears in both biological and granular active systems.
In dense active systems, a sufficiently strong self-alignment can sup-
press mips and drive the system from a clusterized flocking state to an
homogeneous one, where all particles move collectively, with aligned
velocities. This flocking transition is approached for a broad range
of densities, even close to maximal packing, where the system is in a
crystalline configuration. Specifically, in the crystal case, the flock-
ing transition can be predicted analytically since the dynamics can be
mapped onto a velocity-dependent Landau*Ginzburg free energy, re-
vealing that this disorder*order transition is second order. The onset
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of chirality drives the system from collective flocking to a circling crys-
tal phase, characterized by coherent circular motion of all the system.
Further increasing chirality suppresses the global rotation, leading to
a vortex-like structure in the velocity field. These findings are experi-
mentally testable in systems governed by self-alignment and chirality.

CPP 11.6 Mon 16:15 ZEU/0160
Number fluctuations distinguish different self-propelling dy-
namics — eTRrisTaAN CERDIND2, SopHIE MaRBACHZ?, and CARINE
DouARcHE! — lUniversité Paris-Saclay, CNRS, FAST, 91405, Or-
say, France — 2CNRS, Sorbonne Université, Physicochimie des Elec-
trolytes et Nanosystémes Interfaciaux, F-75005 Paris, France

In nonequilibrium suspensions, static number fluctuations N in virtual
observation boxes reveal remarkable structural properties, but the dy-
namic potential of N(t¢) signals remains unexplored. Here, we develop
a theory to learn the dynamical parameters of self-propelled particle
models from N (t) statistics.

Theoretical plots of the mean-squared number difference (ANZ(t))
exhibit 3 scaling regimes in time corresponding to the 3 regimes of self-
propelled particles: diffusive, advective and effectively diffusive again
at long times. By expanding the theory in each of these regimes, we
recover limiting laws for the number fluctuations, which can be used
in practice to quantify self-propulsion properties.

Additionally, unlike traditional trajectory analysis, N(t) statistics
distinguish between models, by sensing subtle differences in reorien-
tation dynamics that govern re-entrance events in boxes. This paves
the way for quantifying advanced dynamic features in dense, out-of-
equilibrium suspensions.

CPP 11.7 Mon 16:30 ZEU/0160
Flocking transitions in dense mixtures of active self-
aligning and passive particles — eWEgizHEN Tanc!, AMIR SHEE?,
ZuaNcANG Han!, PaweL Romanczuk®?, Yarine Zueng®?, and
CrisTIAN Hurpe!56 — 1School of Systems Science, Beijing Nor-
mal University, Beijing, China — 2Department of Physics, Univer-
sity of Vermont, USA — 3Department of Biology, Humboldt Univer-
sitdt zu Berlin, Unter den Linden 6, Berlin, Germany — %Research
Cluster of Excellence ’Science of Intelligence’, Berlin, Germany —
5Northwestern Institute on Complex Systems and ESAM, Northwest-
ern University, Evanston, USA — SCHuepe Labs, 2713 West Augusta
Blvd #1, Chicago, USA
We investigate the passivity-driven flocking transition in a dense mix-
ture of self-aligning active particles and passive particles, using a min-
imal model of active polar disks. We show that anisotropic damping
leads to a discontinuous flocking transition as a function of the fraction
of passive components, whereas isotropic damping produces a smooth
transition where the final ordered state can display sustained oscil-
lations and remain trapped in a metastable state, depending on the
exact spatial arrangement of the passive particles. We also explore in
detail the emergence of metastable oscillatory ordered states and their
relation to the spatial distribution of passive particles and interstitial
voids. Our findings demonstrate that heterogeneous activity and mo-
bility anisotropy can result in a rich variety of self-organized states
in various biological systems, synthetic active materials, and robotic
swarms.

15 min. break

Invited Talk CPP 11.8 Mon 17:00 ZEU/0160
Topological transition in filamentous cyanobacteria: from
motion to structure — eMarco Mazza — Loughborough Uni-
versity, Loughborough, UK

Many active systems are capable of forming intriguing patterns at
scales significantly larger than the size of their individual constituents.
Cyanobacteria are one of the most ancient and important phyla of
organisms that has allowed the evolution of more complex life forms.
Despite its importance, the role of motility on the pattern formation of
their colonies is not understood. Here, we investigate the large- scale
collective effects and rich dynamics of gliding filamentous cyanobac-
teria colonies, while still retaining information about the individual
constituents’ dynamics and their interactions. We investigate both
the colony’s transient and steady-state dynamics and find good agree-
ment with experiments. We furthermore show that the Péclet number
and aligning interaction strength govern the system’s topological tran-
sition from an isotropic distribution to a state of large-scale reticulate
patterns. Although the system is topologically non-trivial, the parallel
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and perpendicular pair correlation functions provide structural infor-
mation about the colony, and thus can be used to extract information
about the early stages of biofilm formation. Finally, we find that the
effects of the filaments’ length cannot be reduced to a system of in-
teracting points. Our model proves to reproduce both cyanobacteria
colonies and systems of biofilaments where curvature is transported by
motility.

CPP 11.9 Mon 17:30 ZEU/0160
Novel Phase Coexistence in a Multi-Species Vicsek Model —
eELoisE LarpeT!, LETIEN CHEN'2 and THIBAULT BERTRAND! —
mperial College London, UK — 2University of Edinburgh, UK

A hallmark in natural systems, self-organization often stems from
very simple interaction rules between individual agents. While single-
species self-propelled particle (SPP) systems are well understood, the
behavior of mixtures of self-propelled particles with general alignment
interactions remains largely unexplored with a few scattered results
hinting at the existence of a rich emergent phase behavior. Here, we
first present a generalization of the two-species Vicsek model with re-
ciprocal intra- and interspecies (anti-)alignment couplings, uncovering
arich phenomenology of emergent states. Notably, we show that rather
than destroying polar order, anti-aligning interactions can promote
phase separation and the emergence of global polar order. Secondly,
we derive a kinetic theory for the system, finding good agreement be-
tween theoretical predictions and particle simulations. This includes
a novel mechanism for microphase separation, as predicted by a Tur-
ing instability. We finally show that these coexistence patterns can be
generalized to multi-species systems with cyclic alignment interactions.

CPP 11.10 Mon 17:45 ZEU/0160
Flocking in weakly nonreciprocal mixtures — eCHARLOTTE
MyIiN — Max Planck Institute for Dynamics and Self-Organization
(MPI-DS), 37077 Goettingen, Germany

We show that weakly nonreciprocal alignment leads to large-scale
structure formation in flocking mixtures. By combining numerical sim-
ulations of a binary Vicsek model and the analysis of coarse-grained
continuum equations, we demonstrate that nonreciprocity destabilizes
the ordered phase formed by mutually aligning or anti-aligning species
in a large part of the phase diagram. For aligning populations, this in-
stability results in one species condensing in a single band that travels
within a homogeneous liquid of the other species. When interactions
are anti-aligning, both species self-assemble into polar clusters with
large-scale chaotic dynamics. In both cases, the emergence of struc-
tures is accompanied by the demixing of the two species, despite the
absence of repulsive interactions. Our theoretical analysis allows us to
elucidate the origin of the instability, and show that it is generic to
nonreciprocal flocks.

CPP 11.11 Mon 18:00 ZEU/0160
Collective behavior in nonreciprocal multi-species Vicsek
model with permutation symmetry — ¢JAE Donc Nou!, CHUL-
Unc Woo?, and Heiko RIEGER? — lDepartment of Physics, Uni-
versity of Seoul, Seoul 02504, Korea — 2Department of Theoretical
Physics and Center for Biophysics, Saarland University, Saarbriicken,
Germany

Nonreciprocal systems are typically built upon asymmetric roles
among interacting agents, such as a pursuer-evader relationship. We
propose a multi-species nonreciprocal active matter model that is in-
variant under permutations of the particle species. The nonreciprocal,
yet symmetric, interactions emerge from a constant phase shift in the
velocity alignment interactions, rather from an asymmetric coupling
matrix. This system displays rich collective behaviors, including a
species-mixed chiral phase with quasi-long-range polar order and a
species-separated vortex cell phase. We present numerical evidence for
these phases using particle-based Monte Carlo simulations and ana-
lytic evidence using continuum Boltzmann and hydrodynamic equa-
tions. Our work demonstrates that multi-species chiral fluids can be
realized by a nonreciprocal but symmetric alignment interaction, where
the rich collective behavior is a consequence of the interplay between
nonreciprocity and permutation symmetry.

CPP 11.12 Mon 18:15 ZEU/0160
Flocking with random non-reciprocal interactions — eJiwon
Cuor', JaE Donc Nou?, and HEmxo RiEGER! — !Department of
Physics & Center for Biophysics, Saarland University, Campus E2 6,
66123 Saarbriicken, Germany — 2Department of Physics, University
of Seoul, Seoul, 02504, Korea
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Flocking is ubiquitous in nature and emerges from alignment inter-
actions among self-propelled agents. Two species that anti-align or
interact non-reciprocally exhibit complex collective phenomena, rang-
ing from parallel and anti-parallel flocking and run-and-chase behavior
to chiral phases. Whether such behavior survives in the presence of
many species with random non-reciprocal interactions has remained
unclear. As a first step, we study a continuous-time Vicsek-like model
with fully random non-reciprocal interactions between particles. For
infinite-range interactions, flocking emerges once the alignment bias
becomes comparable to the non-reciprocal interactions, and deep in-

side this phase random non-reciprocity can still support slow global
chiral and oscillating states. For short-range interactions, even with-
out alignment bias, self-organized cliques form, where medium-sized
clusters with predominantly aligning interactions remain stable over
long times. We further investigate the robustness of clique formation
and the coexistence phase under angular noise using a discrete-time
Vicsek model with random non-reciprocal interactions. These results
provide a basis for studying multi-species flocking with complex non-
reciprocal interactions.

CPP 12: French-German Session: 2D Materials, Thin Films and Interfaces |

Time: Monday 15:00-17:00

Invited Talk CPP 12.1 Mon 15:00 ZEU/0255
Multifunctional films by tailoring chemistry and morphology
of polymer brushes at the nanoscale — ePETRA UHLMANN and
ALEXANDER S. MUNCH — Leibniz-Institut fiir Polymerforschung Dres-
den, Hohe Strasse 6, 01069 Dresden

Functional polymer thin films, like stimuli-responsive polymer brushes
or cross-linked polymer networks, are a group of smart surface coat-
ings which are beneficial for the design of intelligent interfaces. One
emphasis of our work is the synthesis of polymer brushes as a tool-
box for the creation of specific surface functions and stimuli-responsive
layers using a bottom-up approach. For many technical applications
control and switching of wettability is a key property. In this contribu-
tion it will be shown how tailored co-polymers containing zwitterionic
phosphorylcholine groups (MPC) and benzophenone (BPO) as anchor-
ing and UV cross-linking units can be used to create multifunctional
films with easy-to-clean, anti-fog, anti-fouling and anti-icing proper-
ties. For the achievement of the desired surface functions the control
of not only the wettability, but also other thin film properties like
thickness and degree of swelling, are crucial and require the respective
optimization of the chemical polymer composition and the degree of
crosslinking. For verification and adjustment of the interfacial and thin
film properties atomic force microscopy (AFM), infrared spectroscopy
(ATR-FTIR), contact angle measurements, and in-situ spectroscopic
ellipsometry were used and correlated with respective coatings perfor-
mance and sustainability tests.

CPP 12.2 Mon 15:30 ZEU/0255
Increase in elastic modulus of thin elastic films and mem-
branes containing rigid inclusions - revisiting Einstein’s re-
lation in two dimensions — e KONSTANTIN ZisiADIS and ANDREAS
MENZEL — Otto-von-Guericke-Universitat Magdeburg

Elastic matrices with well-separated inclusions can be described by
effective elastic moduli obtained via homogenization methods. Proba-
bly the most basic relation for dilute systems is the Einstein equation
Net = N(1 + 2.5¢). We consider the two-dimensional geometry of an
elastic matrix in two dimensions with two-dimensional elastic moduli
as counterparts to the three-dimensional case. Both plane-stress and
plane-strain geometries are treated. We employ a generalized stresslet
formalism. Our derived formulae for the effective moduli of the two-
dimensional geometry are expressed using the two-dimensional elastic
moduli for an arbitrarily compressible matrix. We find that the plane-
stress and plane-strain equations for the effective moduli have the same
form, while the associated two-dimensional moduli differ. Our results
are consistent with previous research based on different approaches.
For an incompressible matrix, we recover the known effective shear
modulus peg = p(1 + 2¢).

We acknowledge support by the German Research Foundation
(DFG) through Research Unit FOR 5599 on structured magnetic elas-
tomers.

CPP 12.3 Mon 15:45 ZEU/0255
Structure and optical properties of donor-HATCN blends —
eGIANFRANCO MELIS, DMITRY LAPKIN, AINUR ABUKAEV, ALEXAN-
DER HINDERHOFER, and FRANK SCHREIBER — Universitdt Tibingen,
Tibingen, Germany

Organic thin films made of molecular semiconductors have the po-
tential to advance the range of functional materials for technological
progress. In this regard, electron donor-acceptor complexes (DAC)
show unique physical properties at specific ratios due to their non-
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linear structure-property-composition dependence. A systematic study
across the full mixing range is therefore essential to understand how
structure and optical response evolve with composition.
Compositional-gradient thin films were prepared in a custom-
built organic molecular beam deposition chamber by co-depositing
donor materials—diindenoperylene (DIP), pentacene (PEN), coronene
(COR), picene (PIC), a-sexithiophene (a-6T), zinc phthalocyanine
(ZnPc), and perylenetetracarboxylic acid bis(propylimide) (PTCDI-
C3z)—with the prospective non-fullerene acceptor hexaazatriph-
enylenehexacarbonitrile (HATCN). Grazing-incidence wide-angle X-
ray scattering (GIWAXS), atomic force microscope (AFM), and UV-
Vis absorption spectroscopy were applied to study and correlate struc-
tural and optical properties with the donor-acceptor stoichiometry.
New absorption bands appear below the optical bands of pure materials
at specific stoichiometric compositions, together with different surface
morphologies and the formation of new mixed structural phases.

CPP 12.4 Mon 16:00 ZEU/0255
Optimized Phenyl-Modified g-C3N4/ZnO Hybrid Thin
Films: Structural and Optical Insights — eSAHAR AGHAPOUR
GuouricHAY 2, MoraaN Le Du2, Davip P. KosBaun?, GUANGJIU
Pan2, Hacen UEeBeLeE?, TromMmas BaIER2, JINSHENG ZHANGZ,
Lyuyane CHeNG2, Pier CarLo Riccr!, and PETER MULLER-
BuscuBaum? — !Department of Physics, University of Cagliari, Cit-
tadella, Universitaria, Monserrato, Italy — 2TUM School of Natural
Sciences, Chair for Functional Materials, Garching, Germany

Phenyl-modified graphitic carbon nitride (PhCN)/ZnO hybrid thin
films were fabricated with different PhCN loadings to investigate the
influence of interface engineering on their structural and optical prop-
erties. UV-vis reflectance results show that the film containing 1 mL
PhCN exhibits the lowest reflectance and the strongest absorption
in the visible region. Photoluminescence analysis confirms that this
optimized film has significantly reduced emission intensity, indicating
more effective charge separation. XRD, AFM, and GIWAXS measure-
ments reveal improved crystallinity and enhanced nanoscale ordering
of ZnO in the presence of moderate PhCN content. SEM/EDS map-
ping verifies uniform hybrid formation, and XPS provides evidence of
interfacial chemical interaction. Overall, controlled PhCN incorpora-
tion effectively tunes the optical response and nanoscale structure of
PhCN/ZnO thin films, offering useful insights for photocatalytic and
optoelectronic applications.

CPP 12.5 Mon 16:15 ZEU/0255
Machine Learning for Grazing-Incidence Diffraction (GID):
from Raw Data to Crystalline Structure — eDmMITRY LAPKIN,
AINUR ABUKAEV, EKATERINA KNESCHAUREK, MIKHAIL ROMODIN,
CONSTANTIN VOLTER, VLADIMIR STAROSTIN, ALEXANDER HINDER-
HOFER, and FRANK ScHREIBER — Universitat Tibingen

The optimization of novel materials in the form of thin films for
specific applications requires the appropriate structural character-
ization methods. X-ray and neutron scattering techniques, such
as grazing incidence small- and wide-angle X-ray/neutron scattering
(GISAXS/GIWAXS/GISANS) or grazing-incidence diffraction (GID),
offer the ultimate spatial resolution and high surface sensitivity, mak-
ing them indispensable tools for thin film studies. At the same time,
advancements in X-ray and neutron sources, in conjunction with devel-
opments in area detector technologies, enable the recording of several
terabytes of raw two-dimensional detector data within a single exper-
iment. Conventional methods of analyzing the GID data are severely
under-paced compared to the data generation rates, representing a sig-
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nificant bottleneck and leaving much of the measured data unanalyzed.
To make the thin film studies more efficient and increase the amount
of analysed and published GID data that can be reused, we are devel-
oping a comprehensive machine learning based data analysis pipeline
that goes from raw detector patterns to the corresponding crystalline
structures. This pipeline comprises several stages, including data pre-
processing and reduction, Bragg peak identification and refinement,
and crystal structure determination.

Invited Talk CPP 12.6 Mon 16:30 ZEU/0255
Thin-film and interface properties in energy conversion de-
vices unveiled by X-rays — eMaARrRcuUs BArR — Department Inter-
face Design, Helmholtz-Zentrum Berlin fiir Materialien und Energie
GmbH (HZB), Berlin, Germany — Energy Materials In-Situ Labo-
ratory Berlin, HZB, Berlin, Germany — Department of Chemistry
and Pharmacy, Friedrich-Alexander-Universitdt Erlangen-Niirnberg,
Erlangen, Germany — Department of X-ray Spectroscopy at Interfaces
of Thin Films, Helmholtz-Institute Erlangen-Niirnberg for Renewable

CPP 13: Charged Soft Matter,
Time: Monday 15:00-17:00

Invited Talk CPP 13.1 Mon 15:00 ZEU/0260
Modelling and simulation of pH-sensitive polyelectrolyte mi-
crogels — eSTEFANIE SCHNEIDER — Institute of Physical Chemistry,
RWTH Aachen University, Aachen, Germany

For weak polyelectrolytes (PE) as well as for weak polyampholytes
(PA), not only the pH-pKA value but also the local electrostatic en-
vironment of the ionisable group determines the degree of ionisation
and structural properties of the polymer. The proximity of already
ionised groups, which is enforced by the interconnectivity of the poly-
mer chain, influences the probability of additional groups to become
ionised. Therefore, the degree of ionisation for polymers with different
architectures differs from the ideal value, obtained for monomers at
low concentrations.

Polyelectrolyte and polyampholyte microgels of different topologies
have been investigated using constant pH-Monte Carlo simulations.
Tonisation, swelling as well as the uptake and release of guest molecules
were studied. [1-5]

Especially, the interaction with guest molecules is an important as-
pect for the use of microgels for drug delivery.

[1] C. Hofzumahaus, P. Hebbeker, S. Schneider, Soft Matter, 2018,
14, 4087.

[2] C. Hofzumahaus, C. Strauch, S. Schneider, Soft Matter, 2021,
17, 6029.

[3] C. Strauch, S. Schneider, Soft Matter, 2023, 19, 938.

[4] C. Strauch, S. Schneider, Soft Matter, 2024, 20, 1263.

[5] C. Strauch, L. RoR, S. Schneider, Soft Matter, 2024, 20, 9664.

CPP 13.2 Mon 15:30 ZEU/0260
Beyond electrostatic screening: Effect of ion pairing on acid-
base equilibria in complex electrolyte solutions — eVARUN
MANDALAPARTHY!, Jonannes HuNGER?, Miscua BonnZ, and Nico
VAN DER VEGT! — !Technical University, Darmstadt — 2Max Planck
Institute for Polymer Research, Mainz

The modulation of acid-base equilibria by salts is central to solution
chemistry, yet the molecular origins of these effects in multi-component
electrolyte mixtures remain incompletely understood. Building on ev-
idence that individual salts induce ion-specific shifts in the pKa values
of weak acids, we combine experiments with constant-pH molecular
dynamics simulations to examine how ion pairing and specific ion in-
teractions regulate the pKa of acetic acid in single and mixed sodium
salt solutions. Across anions of differing charge density (sulfate, chlo-
ride, iodide), we show that cation-anion association-rather than elec-
trostatic screening alone-governs the observed pKa changes. In solu-
tions containing mixtures of sodium chloride and sodium sulfate, the
impact on acetic acid pKa deviates from simple additivity because
of complex ion-ion interactions. We present an ion-pairing-enhanced
Debye-Hiickel model that quantitatively reproduces these behaviors,
offering a predictive framework for pH regulation in multi-salt environ-
ments. This work provides a mechanistic foundation for interpreting
and forecasting pH-dependent behavior in complex systems relevant to
biochemistry and soft matter.

REF: Mandalaparthy al. ChemRxiv.

et 2025;

Energy, Berlin, Germany

This invited talk will present recent advances in the characterization of
the chemical and electronic structure of interfaces and thin films that
are central to modern energy-conversion technologies. A combination
of X-ray spectroscopies enables non-destructive, depth-resolved insight
into composition, chemical structure as well as bonding and energy-
level landscapes across complex and often (deeply) buried interfaces.
Interfacial intermixing, interlayer formation, oxidation processes, and
energy-level alignment govern charge transport and recombination in
energy conversion materials and devices. Illustrative case studies will
be used to demonstrate how changes (e.g., in the thin-film deposition
process) affect interfacial chemistry and electronic structure, highlight-
ing the importance of the ability to probe interface properties as a
prerequisite for deliberate interface design. In addition, the talk will
outline recent progress in establishing dedicated sample environments
allowing for in-situ and operando studies opening new pathways for
understanding dynamic interface phenomena.

Polyelectrolytes and lonic Liquids
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doi:10.26434/chemrxiv-2025-p2chl (under review at J. Phys. Chem.
Lett.)

CPP 13.3 Mon 15:45 ZEU/0260
How polymer chain flexibility influences orientation and en-
tanglements in polyelectrolyte solutions — Sascua BarroscH
and eULRICH SCHELER — Leibniz-Institut fiir Polymerforschung Dres-
den e.V.

Entanglements in long-chain polymers are important for their mechan-
ical properties and strongly impact the processability. In solutions the
formation of entanglements depends on chain length, concentration
and the chain flexibility. The flexibility of polyelectrolyte chains is
influenced by the ionic strength of the solution that may screen the
repulsive electrostatic interaction along the chain. That is reflected in
the variation of the hydrodynamic radius of the polyelectrolytes mea-
sured by diffusion NMR. Upon shear polymers can orient or polymer
chains maybe pulled out of entanglements. The NMR transverse relax-
ation time T2 is a good measure for the slow polymer-chain dynamics
affected by polymer entanglements. Aligning polymer chains results in
a shortened T2 while the loss of entanglements yielding longer chain
segments between entanglements results in a longer T2. Short-chain
polyelectrolytes under shear in a Searle cell show chain orientation.
Long-chain polyelectrolytes at low ionic strength orient as well, while
at higher ionic strength a loss of entanglements is observed. The tran-
sition from stiff to flexible entangled polymer is triggered solely by the
electrostatic interaction modulated by the ionic strength under exper-
imental control.

CPP 13.4 Mon 16:00 ZEU/0260

Molecular Mechanisms Underlying LCST and UCST Transi-
tions in Thermoresponsive Ionic Liquids — eHusseNn OUMER
MounamMeDp!2, AerL De Cozar!?, and Ronen Zanagih?2
I'Donostia International Physics Center (DIPC), Donostia, Spain —
2University of the Basque Country UPV/EHU, Donostia, Spain
We investigate liquid-liquid phase separation (LLPS) of ionic liquid
(IL)-water mixtures through atomistic MD simulations. Two model
systems are studied: [P4444] [TMBS], which exhibits a lower critical so-
lution temperature (LCST) phase separation, and [Hbet|[TfaN], which
displays an upper critical solution temperature (UCST) behavior.

Aiming to elucidate the driving forces governing the two types
of phase separation, we performed a detailed analysis of energy de-
compositions, HB networks, and microstructural organizations. We
find that for [P4444][TMBS|/water phase demixing, increasing tem-
perature weakens IL-water HB, augments the enthalpic penalty of
hydration, and favors ion pairing and mesoscale segregation. Con-
versely, for [Hbet][Tf2N]/water demixing, cooling enhances water self-
networking and suppresses ion hydration, promoting like-like associa-
tion, while heating disrupts the water network and re-establishes mis-
cibility through stronger ion-water HB.

By shedding light on these molecular-level mechanisms underlying
those behaviors in distinct ILs, this study offers a predictive simulation-
based framework for the rational design of thermoresponsive draw so-
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lutes in FO desalination, enabling tunable and energy-efficient regen-
eration cycles.

CPP 13.5 Mon 16:15 ZEU/0260
Machine-Learning Prediction of Ionic Conductivity from
Short-Time Structural Data in Ionic Liquids — eDavip BIiENEK
— Helmbholtz-Institut Miinster, Miinster, Germany

Molecular dynamics (MD) simulations are a powerful tool for studying
electrolyte materials, but the reliable calculation of ionic conductivities
and transference numbers requires long trajectories. In this project, we
explore whether machine-learning (ML) models can predict dynamic
properties of ionic liquids (ILs) from structural information obtained
in much shorter simulations. ILs are chosen as model systems because
prior work has demonstrated links between structure and hydrody-
namic behaviour. Their simple cation-anion composition also allows
systematic generation of simulated systems. As structural descriptors,
we employ radial distribution functions (RDFs), which are physically
interpretable.

We test linear regression, random forests, and neural networks
for predicting ionic conductivity. After feature engineering we find
substantial improvements in accuracy. A peak-based representation
proves particularly helpful for identifying structure-dynamics relations.
Feature-importance analyses consistently indicate that the dominant
information originates from the first coordination shell. Moreover, sim-
pler models (random forest, linear regression) outperform neural net-
works, highlighting the necessity to use appropriate model complexity.
Overall, our results show that ML can support the identification of
structure-dynamics correlations in electrolytes and may help estimate
transport properties from short MD trajectories.

CPP 13.6 Mon 16:30 ZEU/0260
Dissociation of weak polyacid systems in solution and brush
coatings determined by IR titration — eMAaRTIN MULLER!-2,
Luise Wirrab2, BirciT UrBAN!, Lro Dacanp!?2, ALEXANDER
Moncu!, and PETRA UnLmanN! — !Leibniz-Institut fiir Polymer-
forschung Dresden e.V., Hohe Str. 6, Dresden D-01069, Germany —
2Technische Universitit Dresden, Dresden D-01062, Germany

The dissociation degrees a of poly(acrylic acid) (PAA) and propionic
acid (PA) solutions were determined by infrared (IR) titration and po-
tentiometric (POT) titration concept. Stepwise increasing pH value
from 2 to 12 by adding NaOH portions, IR spectra of PAA and PA
show decrease of n(C=0) band due to carboxyl (COOH) and increase
of n(COO-) band due to carboxylate (COO-) groups. From the respec-
tive normalized band integrals A, dissociation degree was calculated
according to a=A(COO-)/(A(COOH)+A(COO-)). Plotting pH versus
a and fitting by modified Henderson-Hasselbalch equation according
to pH=pKa+B*log(a/(1-a)) the parameters pKa and B were deter-
mined. The slight pKa deviation found for IR and POT titration, the
respective deviation between monomeric PA and polymeric PAA and
the PAA molecular weight trend (PAA-2K, PAA-50K, PAA-450K) are
discussed considering the two-phase model of polyelectrolyte solutions
and Gibbs-Donnan theory. Furthermore, a and pKa of thin PAA brush
coatings under aqueous ambient and the influence of metal ion type
(Na+, Ca++, Ce+++) and concentration were determined by FTIR
titration revealing higher pKa values compared to solution state and
significant effects of ion valency on a.

CPP 13.7 Mon 16:45 ZEU/0260
Unconventional Layer-by-Layer Assembly of Films with PE-
DOT: Write, Read, and Delete — eMuHAMMAD KHURRAM, MAR-
TIN HUNGER, and CHRISTIANE A. HELM — muhammad.khurram@uni-
greifswald.de

PEDOT:PSS films are widely used because they offer high conductiv-
ity & tunable electro-optical properties. We present an unconventional
layer-by-layer (U-LbL) method for PEDOT:PSS/PDADMA multilay-
ers. Masking was used to create either homogeneous coatings or nar-
row conductive strips. Each bilayer is only 7-9 nm thick, indicating
that films form by adsorption of PSS-linked PEDOT, with unbound
nanoparticles removed during rinsing. Flow-cell produces higher con-
ductive films (260 kS/m) than dip coating. The U-LbL process also
provides a natural framework for repeated Write/Read/Delete modu-
lation, including PEDOT addition, partial & controlled PEDOT re-
moval, forming molecular cavities that rebind PEDOT & restore per-
colative pathways.

CPP 14: French-German Session: Simulation Methods and Modeling of Soft Matter Il

Time: Monday 17:15-19:00

CPP 14.1 Mon 17:15 ZEU/LICH
Lateral interactions in Bisphenol A adsorption on Car-
bon Nanotubes — eOLivER CUNNINGHAM and Davib WILKINS —
Queen’s University Belfast, Belfast, Northern Ireland

Endocrine disrupting chemicals (EDCs) such as Bisphenol A (BPA)
are being found in water supplies with increasing frequency and our
methods of water treatment need to improve alongside this ever in-
creasing problem to mitigate the risks they pose to human health.
Molecular Dynamics paired with enhanced sampling methods such as
Metadynamics have proven to be very effective at studying the free
energy profiles for processes like adsorption. To this end we present
the effects lateral interactions between BPA molecules have on their
adsorption onto a single walled carbon nanotube (SW-CNT) and how
this depends on the number of BPA. The free energy of adsorption is
studied as it gives insight into how well a SW-CNT adsorbs BPA and
therefore how effective it is at removing it from water. Studying the
free energy of adsorption for systems with varying numbers of BPA,
we find that the free energy of adsorption increases with the number of
BPA. This shows that lateral interactions between BPA molecules have
a noticeable effect on how well they adsorb on the surface. We find
two free energy minima corresponding to different conformations of
the BPA, and the energy barrier between these minima decreases with
the number of BPA. We also show that Parallel Bias Metadynamics
provides an efficient way to bias all of the BPA in a system, providing
better statistics than individually biased runs, while still achieving free
energy’s adsorption in agreement with the individual runs.

CPP 14.2 Mon 17:30 ZEU/LICH
Multiscale Modeling of Grain Boundary Effects on Charge
Transport in Pentacene — eSoNnALl GARG, FARHAD GHALAMI, and
Marcus EvLsTNER — Karlsruhe Institute of Technology, Karlsruhe,
Germany
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Organic semiconductors have emerged as crucial materials in the de-
velopment of electronic and optoelectronic devices due to their excep-
tional mechanical flexibility, lightweight nature, and cost-effectiveness.
However, the presence of grain boundaries (GBs) can significantly im-
pede device performance by introducing structural defects that affect
charge-carrier movement and reduce mobility. In this study, we devel-
oped a model to investigate the influence of GB characteristics, includ-
ing misorientation angles and GB width, on charge carrier mobility,
and compare the results with intrinsic mobility. Non-Adiabatic Molec-
ular Dynamics (NAMD) simulations, employing the Fewest Switches
Surface Hopping (FSSH) approach|1,2,3] were used to model charge
transport dynamics. The charge transfer Hamiltonian was constructed
using a fragment orbital approach, with its elements computed via the
Density Functional Tight Binding (DFTB) method[4,5]. These insights
provide a deeper understanding of the effects of GBs on charge-carrier
mobility in organic semiconductors.

[1]Spencer. J et al. J. Chem. Phys. (2016) [2]Roosta. S J.
Chem.Theory Comput. (2022) [3|Xie. W et al. J. Chem Theory
Comput.(2020) [4]Elstner. M et al. Phys. Rev. B (1998) [5|Kubaf. T
et al. J.Phys. Chem. B (2010)

CPP 14.3 Mon 17:45 ZEU/LICH
A classical model to describe the electric potential-dependent
water structure at metal interfaces — eDaMIEN ToQuER!, HEN-
RIK STooss!, PHiLiPP STArk1:23, and ALEXANDER ScCHLAICH! —
Hnstitute for Physics of Functional Materials, Hamburg University
of Technology, 21073 Hamburg, Germany — 2Institute for Computa-
tional Physics, University of Stuttgart, 70569 Stuttgart, Germany —
3SC Simtech, University of Stuttgart, 70569 Stuttgart, Germany

Nano- and microfabrication enable the development of functional ma-
terials tunable across length scales. While atomistic simulations are
a powerful tool for studying and designing such materials bridg-
ing atomic-to-macroscopic properties remains challenging. The elec-



Dresden 2026 — CPP

Monday

trode/water interface exemplifies this challenge, explicit electronic
treatment limits simulation scalability. Various schemes have been pro-
posed that aim to incorporate metallic electronic response into clas-
sical molecular dynamics. Recently, the constant potential method
has shown promise, where charges are attached to the metal atoms
to maintain a fixed electrode potential. Our goal is to develop an
efficient classical model that reproduces interfacial water structure
across various electrode potentials, using gold surfaces as a prototype.
Gold charges are adjusted to capture long-range continuum electro-
static interactions, while short-range interactions are tuned to match
ab initio energy calculations. We anticipate this model will reliably
predict interface-dependent thermodynamic properties both at equi-
librium and under applied electrode potential, and plan to use it to
study electrowetting in parallel with experimental work.

CPP 14.4 Mon 18:00 ZEU/LICH
Acoustic Effects in Electrolytes with Interfaces: Mechanis-
tic Insights from MD Simulations — eKaTHARINA KINTRUP!,
Yousser MaBrouk>2, Dippo DippeNs!:3, and ANDREAs HEUER!
— 1Universitiat Miinster, Institut fiir Physikalische Chemie, Deutsch-
land — 2Friedrich-Schiller-Universitét Jena, Institut fiir Physikalische

Chemie, Deutschland — 3Helmholtz-Institut Miinster, Deutschland

Interfaces such as electrodes strongly affect transport and dynamics
in electrolytes. However, Molecular Dynamics (MD) simulations often
assume periodic boundary conditions (pbc), thereby neglecting inter-
facial effects. This enforces a fixed center-of-mass frame in simulations,
whereas electrophoretic NMR (eNMR) experiments [1,2] have shown
that, in laboratory electrolytes, the center of mass drifts and local
volume conservation is the appropriate assumption.

To mimic laboratory conditions, we introduce explicit interfaces in
MD simulations and employ external fields for comparison with eNMR.
As expected, we also observe a drift of the center of mass, but we do not
find ideal local-volume conservation. Instead, we obtain oscillatory sig-
nals that reveal a strong dominance of acoustic effects over the intrinsic
ionic dynamics. For binary electrolytes, we formulate a theoretical de-
scription that accurately incorporates the finite compressibility of the
fluid. Owverall, our work provides spatial and temporal insights into
electrolyte dynamics in the presence of interfaces and highlights the
importance of the chosen reference frame. [1] J. Phys. Chem. Lett.
2022, 13, 37, 8761-8767; [2] ACS Appl. Polym. Mater. 2025, 7, 13,
8432-8444

CPP 14.5 Mon 18:15 ZEU/LICH
Understanding electrode/electrolyte interfaces for electro-
catalysis using constant potential DFT simulations — e HENRIK
Stooss!, PuiLipp STARK?, and ALEXANDER ScHLAICH! — !Institute
for Physics of Functional Materials, Hamburg University of Technol-
ogy, 21071 Hamburg — 2Institute for Computational Physics, Univer-
sitdt Stuttgart, 70569 Stuttgart

This study explores the complex dynamics at electrode/electrolyte in-
terfaces under constant potential, which is crucial for advancing elec-
trocatalysis and designing efficient energy systems. We combine ad-
vanced computational techniques to gain insights into the mechanisms
at these interfaces. Specifically, we perform Density Functional Theory
(DFT) simulations of interfacial systems while maintaining a constant
electrode potential. Despite the associated challenges and computa-

23

tional costs, these simulations provide valuable insights into the elec-
tronic structure and behavior of electrode surfaces. We calculate IR
spectra of water in front of a gold electrode at different applied poten-
tials and compare the results with experimental ATR-SEIRAS data,
thereby strengthening the connection between first-principles calcula-
tions and experimental observations for material design.

CPP 14.6 Mon 18:30 ZEU/LICH
Atomistic modeling of azopolymers: light-induced defor-
mation — eDmiTRYy RyNDYK!2, OLcAa Guskoval, and MARINA
SAPHIANNIKOVAL2 — 1Leibnitz Institute of Polymer Research Dres-

den, Germany — 2Technische Universitit Dresden, Germany

In our recent study [1], we employ, for the first time, a fully atomistic
force-field approach to model light-induced deformations in side-chain
azopolymers. To mimic sample illumination, we introduce an orienta-
tion potential that reorients the azo chromophores perpendicular to the
light polarization direction. This strategy enables us to capture both
the microscopic details of chromophore behavior and the collective,
anisotropic response of the polymer matrix. The atomistic simulations
show a clear correlation between chromophore reorientation and sam-
ple contraction, as well as between backbone alignment and sample
elongation. The separation of time scales between these two processes
is controlled by the relative distance to the glass-transition temper-
ature. Furthermore, the simulations elucidate a role of the flexible
spacer in transferring the light-induced torque to the polymer back-
bone.

[1] D.A. Ryndyk, O. Guskova, M. Saphiannikova, Light-induced de-
formation of side-chain azo-polymer: Insights from atomistic modeling,
arXiv:2511.19787 (2025)

CPP 14.7 Mon 18:45 ZEU/LICH
Self- Assembly of  Porphyrin-Based Monomers into
Supramolecular Polymers — eMira Mors!, HANNA RIEGERZ,
OLIVER STacu?, THoMAs Speck!, and PoL Besenius? — llnstitute
for Theoretical Physics IV, University of Stuttgart, Germany —
2Department of Chemistry, Johannes Gutenberg-University Mainz,
Germany

Through a combination of computational modeling and experiments,
we investigate the assembly pathways of water-soluble supramolecular
porphyrin-peptide amphiphiles. Our computational approach employs
a coarse-grained, nine-bead planar model that captures the essential
molecular interactions. Simulations show that stronger interactions
promote polymerization, whereas increased monomer flexibility hin-
ders it, consistent with experiments in which an additional glycine
is introduced into the peptide arms. The observed power-law depen-
dence of the polymerization half-time suggests a nucleation-elongation-
aggregation pathway; however, experiments show no concentration-
dependent aggregation. To probe oligomer stability, we apply a sim-
plified free energy model and enhance sampling by generating a grand
canonical system to map free energies across cluster sizes. Aggregation
kinetics are additionally studied by solving the rate equations explic-
itly and using moment-based approaches. These analyses reproduce
the dynamics from low to high interaction strengths, highlighting the
vital role of recombination in the polymerization regime. Overall, our
results provide a framework for a better understanding of supramolec-
ular polymerization under varying conditions.
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CPP 15: Emerging Topics in Chemical and Polymer Physics, New Instruments and Methods Il

Time: Monday 17:15-19:00

CPP 15.1 Mon 17:15 ZEU/0255
Deep Learning-Driven Grazing Incidence Small-Angle X-ray
Scattering Data Processing for Nanostructure Characteriza-
tion — eYUFENG ZHAI', JuNgul ZHoU!, SHACHAR Dan!, JuLiaN
Hecer?, BENEDIKT SocHOR'3, ArNo JeEroMIN?, WENBO WaNG?,
WoLFGANG PARAK®, SARATHLAL KoviLoTH VavarLin'8, Taowmas
KeLLER*®, ANDREAS SITIERLE*®, ALEXANDER HEXEMER®?, PETER
MuULLER-BuscuBaum?, and STEPHAN V. Rotn'7 — IDESY, Ham-
burg, Germany — 2TUM, Garching, Germany — 3ALS/LBNL, Cali-
fornia, United States — 4CXNS, Hamburg, Germany — >UHH, Ham-
burg, Germany — SUPES, Dehradun, India — "KTH Stockholm, Swe-
den

Nanostructured thin films formed via nanoparticle deposition or self-
assembly exhibit diverse morphologies that are crucial for their func-
tional properties. Grazing-incidence small-angle X-ray scattering
(GISAXS) provides detailed structural information on such systems,
but conventional model-based fitting remains limited by simplified
assumptions and convergence difficulties. We employ the distorted
wave Born approximation (DWBA) to simulate a wide range of two-
dimensional GISAXS patterns, which are used to train convolutional
neural networks (CNNs) for predicting nanoparticle size distributions.
The trained models demonstrate robust performance on both simu-
lated and experimental data, providing a faster and more flexible alter-
native to traditional fitting. In addition, we have developed a graphical
user interface (GUI) that integrates conventional fitting routines with
our deep learning framework, providing a user-friendly platform for
rapid GISAXS analysis.

CPP 15.2 Mon 17:30 ZEU/0255
Chirp-DMA for expanded frequency and reduced aging —
eJuaN PaBLO SEGovia GUTIERREZ!, JosE ALBERTO RODRIGUEZ
Acupo?, JaNn HaeBerLE?, Dominic OpPEN2, JORG LAUGER?, and
NATALIE GERMANN! — 1 University of Stuttgart, Stuttgart, Germany

— 2Anton Paar Germany GmbH, Ostfildern, Germany

Optimal Fourier Rheometry (OFR), or Chirp rheometry, is an
advanced technique that wuses a continuous, sine wave-shaped
stress/strain signal characterized by an exponential frequency increase.
This approach is important for measuring rapidly time-evolving soft
materials, where conventional frequency sweeps are impractical; their
slow, sequential data acquisition often fails to capture fast structural
changes before the material itself mutates. A key advantage of Chirp
is its ability to drastically reduce measurement time, making it highly
effective at low and very low frequencies. This speed is essential to cir-
cumvent undesirable material aging, for instance in the dehydration ob-
served in hydrogels, which modifies properties during long acquisition
times. Conventionally, Chirp has been implemented using standard
plate-plate geometries. The novelty of this study is the implementation
of Chirp within a Dynamic Mechanical Analysis (DMA) setup utiliz-
ing extension and torsion modes. This permits the characterization of
soft, fragile materials outside the typical rheometer configuration. By
combining this novel Chirp-DMA approach with conventional sweeps
on gellan gum/alginate hydrogels, we extend the practical frequency
range and prove that Chirp recovers true viscoelastic moduli, thereby
eliminating dehydration-induced effects.

CPP 15.3 Mon 17:45 ZEU/0255
PIERS-Based Mechanistic Insights into PVC Micro- and
Nanoplastics Degradation on Ag Nanoflake-TiO2 Platform
— eOLUGBENGA AYENI', JosiaH NGENEV SHONDO?, TiM TJARDTSS,
SiNaN SEN?, Franz Fauper®, Sanin VEezirocLu3, OraL CENK
AkTtas®%, and TavyEBEH AMERI! — 1Chair for Composite Materi-
als, Department of Materials Science, Kiel University, Germany. —
2Department of Energy Conversion and Storage, Technical Univer-
sity of Denmark, Denmark. — 3Chair for Multicomponent Mate-
rials, Department of Materials Science, Kiel University, Germany.
— “Department of Orthodontics, University Hospital of Schleswig-
Holstein (UKSH), Kiel, Germany.

Conventional characterization techniques such as FTIR and SERS have
been applied to Polyvinyl chloride (PVC) micro- and nanoplastics
(MNPs) degradation, but they lack the combined real-time sensitiv-
ity and photocatalytic functionality needed to probe early-stage PVC-
MNPs degradation. In this work, we report the use of Photo-induced

1

24

Location: ZEU /0255

enhanced Raman spectroscopy (PIERS) technique under continuous
UV illumination to monitor the degradation of PVC-MNPs in real time
on a highly active photocatalytic platform based on Ag nanoflakes (Ag
NFs) grown on TiO2 thin films. Our PIERS-based approach reveals
the chemical transformations and structural disorder occurring in the
PVC-MNPs backbone within 10 min of UV irradiation. Our results es-
tablish PIERS as a promising mechanistic probe for tracking real-time
PVC degradation pathways at the nanoscale. This study advances the
mechanistic understanding of plastic degradation at the nanoscale.

CPP 15.4 Mon 18:00 ZEU/0255
Exploring Colloidal Kinetics Using DLS — eMoHIT AGARWAL
and JiaxiNg SUN — Swabian Instruments GmbH, Stuttgart, Germany

The kinetic behavior of colloidal and soft matter systems arises from
particle diffusion, aggregation, and structural rearrangement, which
collectively determine how microstructures evolve over time. Accu-
rate characterization of these dynamics is crucial for understanding
nonequilibrium phenomena such as gelation, crystallization, and phase
separation in complex fluids. Conventional experimental techniques of-
ten lack the temporal and angular resolution needed to resolve these
fast and heterogeneous processes in their native state, especially when
multiple relaxation mechanisms coexist. We present a time-resolved,
multi-angle Dynamic Light Scattering (DLS) technique that records
individual photon arrival events in real-time across multiple scatter-
ing angles. This configuration enables angle-dependent temporal cor-
relation analysis with improved sensitivity to both short-time diffu-
sive motions and long-time relaxation processes that reflect evolving
particle interactions. By employing complete photon statistics rather
than time-averaged intensity correlations, the method captures tran-
sient fluctuations and kinetic transitions in colloidal suspensions. Mea-
surements on well-defined colloidal dispersions reveal subtle tempo-
ral variations in particle dynamics and aggregation behavior that re-
main inaccessible with conventional single- or multi-angle goniometer-
based DLS. The technique establishes a robust framework for real-time,
multi-scale investigation of kinetic processes in colloidal and soft mat-
ter systems.

CPP 15.5 Mon 18:15 ZEU/0255
The Power of One Oxygen: How a Single Atom Alters the
Field Evaporation of Liquid Crystals — eKuaNn MENG, SEBAS-
TIAN EicH, and Guipo ScuwmITz — University of Stuttgart, Institute
for Materials Science, Heisenbergstr. 3, 70569 Stuttgart, Germany

In this study, we established a cryo-atom probe tomography (cryo-
APT) workflow to investigate how the presence of a single oxygen
atom alters the field evaporation behavior of two structurally similar
liquid crystals: 8CB and 8OCB. Both compounds exhibited over 70%
intact molecular retention and comparable fragmentation patterns.

Mass spectra revealed that the oxygen in 80CB hinders the for-
mation of extended cyanobiphenyl fragments across the linkage and
promotes full cleavage of the alkyl chain. In contrast, 8CB allows the
formation of longer backbone fragments. Spatially, 8CB evaporated
mainly as intact molecules across both crystalline and smectic domains.
80CB, however, evaporated predominantly as small fragments in low
volume-density domains while as larger fragments or intact molecules
in the high volume-density regions, which are suspected to crystalline
and smectic phases, respectively. Further structural validation is re-
quired.

This work illustrates how cryo-APT enables the characterization of
the molecular structure of organic liquid systems and demonstrates
that even a single oxygen atom can fundamentally alter their field
evaporation pathways. It further proposes a tunable fragmentation
strategy to investigate molecular orientation in soft matter at an un-
precedented resolution.

CPP 15.6 Mon 18:30 ZEU/0255

Depth-resolved cathodoluminescence for mapping exciton

diffusion in rubrene thin film polymorphs — eHEINER
TuierscH!2, JoNAs ScHRODER!, ANNa-LenA Hormann!, Wooik
Janc!, Nora ENgeELMANN!, Fritz Henke!, MaxmviLian F.

X. DorrNER3, SHu-JEN WaNGg?, FrRaNk ORTMANNZ, JOHANNES

Benpunn'?, ELLEN HieckMANN', and KarL Leo! — IAPP, TU
Dresden, Germany — 2DZA Gérlitz, Germany — 3Dep. of. Chem.,
TU Miinchen, Germany — 4Dep. of. Phys., HKBU, China
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The exciton diffusion length (Lp) is a key parameter in opto-electronic
devices, as it governs the transport and recombination of photo-
generated excitons. However, accurately measuring L p remains chal-
lenging due to the limited penetration depth and lateral resolution
of conventional techniques such as photoluminescence quenching and
transient absorption spectroscopy. Here, we will introduce a novel ap-
proach for L p determination based on quenching processes observed by
depth-resolved cathodoluminescence (CL) measurements with highly
localized excitation. The method combines CL experiments with ki-
netic Monte Carlo simulations and a diffusion model derived from
Fick’s second law. Applied to the organic semiconductor rubrene-
renowned for its high hole mobility in single crystals- the technique
yields Lp values ranging from 50 to 100 nm across different thin-film
polymorphs. The results provide new insights into the exciton dynam-
ics of rubrene and present a new methodological tool for accurate Lp
characterization in semiconductors.

CPP 15.7 Mon 18:45 ZEU/0255
Towards Theoretical UV /Vis Spectra with Experimental
Accuracy - Functional Errors and Thermal Broadening —
eROBERT STROTHMANN!, JOHANNES T. MARGRAF2, and KARSTEN
ReUTER! — !Fritz-Haber-Institut, Berlin, Germany — 2University of

Bayreuth, Bayreuth, Germany

First principles methods like time-dependent density-functional theory
(TD-DFT) can be used to predict molecular UV /Vis spectra relying
on a number of approximations such as the choice of functionals, the
description of solvation, as well as the treatment of thermal broad-
ening. For the latter, simple (smeared) line spectra or structural en-
sembles obtained within the harmonic approximation are the most
common choices. With the rise of machine learning interatomic poten-
tials (MLIP) prohibitively costly ab initio molecular dynamics (MD)
simulations can be replaced with similarly accurate MLIP MDs. This
allows a detailed comparison of these approaches for a large number
of systems for the first time.

In this talk, we benchmark predicted UV /Vis spectra against ex-
perimental references. To this end, the agreement with a curated set
of literature reported spectra for diverse organic molecules in various
solvents is assessed in terms of full spectral overlap, beyond a "peak
to peak" comparison. We emphasize the influence of functional choice
and thermal sampling approaches (e.g. harmonic vs. anharmonic), as
well as the role of different conformers. How important each of these
effects is and how it affects computational cost will be studied with
the goal of providing best practise guidelines.

CPP 16: Energy Storage Materials and Devices I

Time: Monday 17:15-19:00

Invited Talk CPP 16.1 Mon 17:15 ZEU/0260
Understanding the Passivation Properties of Solid Electrolyte
Interphases (SEIs) in Batteries: Generator-Collector Exper-
iments combined with a Transport and Reaction Model —
eBERNHARD RoLiNGg, FALK KRrAUSs, ANNALENA DUNCKER, and Is-
ABEL PANTENBURG — Department of Chemistry, University of Mar-
burg, Germany

The solid electrolyte interphase (SEI) is a passivation layer in lithium-
ion batteries, which has a strong impact on the battery lifetime. The
SEI is formed by reductive decomposition of the electrolyte at the
graphite particles of the anode during the first charging of the battery.
The passivation of the SEI is not perfect, which leads to battery aging
and to a reduced battery lifetime. The transport and reaction mecha-
nism in the SEI governing the passivation properties are not well under-
stood. Here, we elucidate transport and reaction processes during the
formation of model-type SEIs by combining generator-collector exper-
iments with a transport and reaction model. In the generator-collector
experiments, we use a four-electrode-based setup to compare the elec-
trolyte reduction current with a redox molecule reduction current at
the SEI-covered electrode. We find that the current ratio depends on
the SEI formation potential as well as on the formation time. The
experimental results are compared to a transport and reaction model
predicting four distinct transport and reaction regimes depending on
the rate constant for the molecule-electron reaction. Using this com-
bined approach, we obtain good estimates for the transport coefficients
of both electrons and molecules inside the SEI.

CPP 16.2 Mon 17:45 ZEU/0260
Insight into SEI formation and dendrite growth in all-
solid-state lithium metal batteries by Operando nWAXS
— eYinaviNne YAaN!, LiancezuenN Liv2, Yuxin Lianc!, Lyuvanc
Cuenc!, FaBiaN A.C. APFELBECK), GuanaJiiu Pan!, AnTON
Davypok3, CHRIsTINA KrRywkA3, RoLaND A. FiscHER?, and PETER
MutLLER-BuscuBauM! — 'TUM School of Natural Sciences, Chair for
Functional Materials, Garching, Germany — 2TUM School of Natu-
ral Sciences, Chair of Inorganic and Metal-Organic Chemistry, Garch-
ing, Germany — S3Helmholtz-Zentrum Hereon, Max-Planck-Str. 1,
Geesthacht, Germany

Composite solid polymer electrolytes (CSPEs) have emerged as
promising candidates for next-generation all-solid-state lithium bat-
teries (ASSLBs). However, the limited ionic conductivity and poor
interphase stability have seriously hindered their practical application.
Herein, the anion-trapping layered double hydroxide (LDH) was intro-
duced to enhance ionic conductivity and interfacial compatibility in
poly(ethylene oxide) (PEO)-based CSPEs for stabilizing lithium metal
anodes. Importantly, operando nano-focus Wide-angle X-ray scatter-
ing (nWAXS) was employed to spatially map the distribution of both
the solid electrolyte interphase (SEI) layer and lithium dendrites across
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micron-scale lateral and vertical dimensions. Therefore, this study pro-
vides a novel strategy for designing high-performance CSPEs with sta-
bilized interfaces and establishes an innovative approach for real-time
visualization of SEI evaluation and dendrite growth in ASSLBs.

CPP 16.3 Mon 18:00 ZEU/0260
Temperature effects on the electrochemical behavior of
graphite cathodes for aluminium-polymer batteries
eMoHAMMAD MosTAFIZAR RAHMAN, MoHAMMAD JoNY RANA, SHU-
VRODEV Biswas, AMIR MOHAMMAD, HARTMUT STOCKER, and DIRK
C. MEYER — Institute of Experimental Physics, TU Bergakademie
Freiberg, Leipziger Str. 23, Freiberg, 09599, Germany

This study assesses the performance of Aluminium-polymer batter-
ies at variable temperatures between —20°C and 80 °C. Pouch cells
were constructed utilizing a solid polymer electrolyte (SPE) coupled
with two different types of graphite cathode: mesocarbon microbeads
(MCMB) and spherical graphite (SpG). Cyclic voltammetry and gal-
vanostatic cycling with potential limitation measurements were con-
ducted at different temperatures combined with variable current den-
sities (25...100mA /g). The results reveal that the resistance degrada-
tion below 0°C is reversible, with performance being recovered when
returning to positive temperatures. However, at moderately high tem-
peratures above 60 °C, the degradation becomes permanent. MCMB
cells operate effectively between —10°C and 40 °C, while SpG cells
function from 0°C to 60°C. The capacity of MCMB cells peaks at
20°C at all current densities and then drops significantly at 60 °C. In
contrast, SpG cells exhibit their highest capacities at 40°C or 60 °C,
followed by a rapid decline. Together with the good Coulombic ef-
ficiencies > 95 % both types of cells are proven suitable for varying
environmental conditions.

CPP 16.4 Mon 18:15 ZEU/0260
X-Ray Absorption Near-Edge and Photoemission Spec-
troscopy of Deintercalation and Redox Reactions in
Alluaudite-Type Na-Ion Cathodes — eNrama Imam!, KARSTEN
Henker!, STeEpHAN WERNER?, CHRISTOPH PraTscr?, ANNA
MiLEwskAS3, JaNINA MoLenDA®, JaN INco FLeGe!, and EHREN-
FRIED ZscHECH! — !Brandenburg University of Technology Cottbus -
Senftenberg, Germany — 2Helmholtz-Zentrum Berlin fiir Materialien
und Energie, BESSY II, Germany — 3AGH University of Science and
Technology, Krakow, Poland

We have investigated alluaudite-type Nag 5_5Fe;.75(SO4)3 cathodes
that exhibit a three-dimensional open-channel framework with mul-
tiple Na sites. Using spatially resolved X-ray absorption near-edge
spectroscopy (XANES), performed within a transmission X-ray micro-
scope (TXM), and lab-based X-ray photoelectron spectroscopy (XPS),
we have examined Na't deintercalation and Fe?t /Fe3t charge com-
pensation at different selected charging states. This combination of
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bulk- and surface-sensitive methods allows correlating Nat depletion
with Fe?T formation, potentially identifying nanoscale redox hetero-
geneities and tracking changes in the local Na chemical environment.
Our study builds on a broader investigation [1] that includes theoreti-
cal calculations as well as structural and electrochemical analyses.

[1] J. Molenda et al., Acta Mater. 301, 121582 (2025).

CPP 16.5 Mon 18:30 ZEU/0260
Understanding the Impedance Spectra of Composite Ma-
terials using a 3D Electrical Network Model — eFELIX
Scaucel2, SascHa KRreEMERZ2, CHRrisTiaAN HELIGERD2, and Ja-
nis K. EcknarpT!»23 — llnstitute for Theoretical Physics, Justus-
Liebig-University Giessen, Germany — 2Center for Materials Research
(ZfM), Justus-Liebig-University Giessen, Germany — 3Institute of

Physical Chemistry, Justus-Liebig-University Giessen, Germany

All-solid-state batteries (ASSBs) are promising candidates for next-
generation energy storage systems, offering enhanced energy density
and safety compared to conventional lithium-ion batteries. Electro-
chemical Impedance Spectroscopy (EIS) is a powerful method for de-
termining charge transport characteristics in these systems. However,
the presence of multiple phases, each with distinct transport processes,
as well as complex microstructures result in complex impedance spec-
tra that are challenging to interpret.

To address this challenge, we use a microstructure-resolved 3D elec-
trical network model to simulate charge transport on microscopic
length scales. This approach enables us to disentangle the contribu-
tions of different transport processes and microstructural features to
the impedance response. Our model offers insights into the local poten-

tial and current distributions influenced by material heterogeneities,
directly connecting them to impedance signals. We provide insights
into the impedance of composite materials, identifying the key factors
that dominate the impedance signal.

CPP 16.6 Mon 18:45 ZEU/0260
Dual-Ion AICI; / AlCl;’ Charge Storage Mechanism in
Composite Cathode for Aluminum-Polymer Batteries —
eSHUVRODEV Biswas, THomAs KOHLER, AMIR MoHAMMAD, HART-
MUT STOCKER, and Dirk C. MEYER — Institute of Experimental
Physics, TU Bergakademie Freiberg, Leipziger Str. 23 09599 Freiberg,
Germany

Rechargeable aluminum batteries have emerged as a promising post-
lithium-ion technology. Graphite, the most widely used cathode that
relies on AICI, intercalation, offers limited capacity, whereas organic
cathodes, such as phenanthrenequinone (PQ), coordinate with AlCl;r
but suffer from limited cycling stability. Here, we design a composite
(SPGPQ) consisting of spherical graphite (SPG) and PQ through melt
diffusion, enabling dual-ion charge storage by coupling AICI; interca-
lation with AICI; coordination. FTIR, XPS, in situ XRD, and cyclic
voltammetry using polyamide-6 (PAG6) electrolytes (SPE) provide clear
evidence of this synergistic mechanism. Whereas the PA6-SPE limits
capacity due to low ionic conductivity, the higher-conductivity poly-
acrylonitrile (PAN)-based SPE delivers improved capacity but shows
limited cycling stability. To enhance stability, we further developed an
ACPQ+SPG composite through solvent-assisted impregnation using
activated carbon (AC). This composite features an identical mecha-
nism to SPGPQ, while offering significantly enhanced capacity and
stable long-term cycling.

CPP 17: Poster |

Focus Session: Theoretical Modeling and Simulation of Biomolecular Condensates; Hybrid, Organic and
Perovskite Optoelectronics and Photovoltaics; Energy Storage Materials and Devices; French-German
Session: 2D Materials, Thin Films and Interfaces; Wetting, Fluidics and Liquids at Interfaces and

Surfaces

Time: Monday 19:00-21:00

CPP 17.1 Mon 19:00 P5
How do interfaces shape molecular conformations in conden-
sates? — eNoRrA-ELEN GiesiNGeEr! and Arasn NikouBasHman!:2
— 1Leibnitz-Institut fiir Polymerforschung, Dresden, Germany —
2Technische Universitit Dresden, Dresden, Germany

The interface between biomolecular condensates and their surrounding
environment plays an important role for, e.g., regulating the conden-
sate’s stability and interactions with other cellular components. These
interfacial properties are primarily dictated by the density and confor-
mation of the constituent biomolecules, but it remains experientially
challenging to resolve interfacial properties on the molecular level. Fur-
ther, the conformations of the constituent biomolecules are influenced
by many intertwined factors like sequence patterning, electrostatics,
and chain-length diversity. To understand how polymer conforma-
tions evolve from the dense condensate interior through the interfacial
region into the surrounding dilute phase, we use a minimal model of
fully flexible homopolymers. To disentangle effects arising from chain
ends, we examine condensates formed from both linear and ring poly-
mers. Molecular dynamics simulation show that polymers gradually
collapse as they transition from the bulk-like interior of the conden-
sate to the surrounding dilute aqueous phase. Notably, the condensate
interface induces a highly non-monotonic structural crossover between
the dense and dilute regions, irrespective of the polymer architecture:
the side facing the interface flattens, while the inward-facing side is
also compressed. As a result, the monomer cloud loses its spherical
symmetry, and chains tend to align tangentially along the interface.

CPP 17.2 Mon 19:00 P5
Effects of Activity on Polymeric Condensates — eRaHUL
Yapav! and Arasn NikouBasuMAND2 — ILeibniz-Institut fiir Poly-
merforschung Dresden e.V., 01069 Dresden, Germany — 2Institut fiir
Theoretische Physik, Technische Universitdt Dresden, 01069 Dresden,
Germany

Biological systems are inherently out of equilibrium as external sources
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of energy are constantly consumed; for example, microtubules and fil-
amentous actin seemingly move through the cytoplasmic matrix via
the continuous addition and removal of subunits. At the same time,
equilibrium thermodynamic properties, governed by the interactions
and length scales of the (macro)molecular constituents, play a central
role in phenomena such as the formation of biomolecular condensates.
A central open question is whether such non-equilibrium activity en-
hances phase separation or, conversely, hinders it. To answer this, we
performed molecular dynamics simulations of a bead-spring polymer
model, systematically varying both the attrac- tion strength and activ-
ity. When the active forces act along the contour of the polymer, the
miscibility gap narrows and the critical temperature decreases with in-
creasing activity, indicat- ing that this form of activity opposes phase
separation. Based on these observations, we expect that contractile
active forces will instead broaden the miscibility gap and increase the
critical temperature, and we plan to test this prediction in future work.

CPP 17.3 Mon 19:00 P5
Using the Patchy Particle Model to simulate Biomolecular
Condensates — eMUBARRAT MURSALIN'2, SIMON DANNENBERG!,

and STEFAN Krumppl2 — 1CGeorg August University Gottingen —
2Max Planck School of Matter to Life

Biomolecular condensates are formed through liquid-liquid phase sep-
aration (LLPS) of proteins, often together with nucleic acids, typically
driven by low-affinity interactions. Phase separation allows biological
systems to spatially organize molecules for biological functions. Theo-
retical studies of LLPS are usually based on continuum descriptions of
fluids, which allows access to the biologically relevant time and length
scales, but neglects all molecular details of the interactions, which
implements their genetic programmability and determines the local
structure of the condensates. Here, we use the coarse grained patchy
particles to simulate LLPS, which provides an intermediate level of
description between atomistic MD and continuum descriptions, thus
allowing to access systems large enough to describe droplets and still
retain a coarse-grained picture of the local structure inside the con-
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densate. We look at the effects of repulsive crowding particles on
the critical values, dynamics and structures of biomolecular conden-
sates formed by three patch patchy particles. Using NVT simulations,
combined with the direct coexistance method, we study the effects of
crowder concentration and size, and recreate the known depletion and
excluded volume effects.

CPP 17.4 Mon 19:00 P5
Partial demixing of RNA Polymerase II condensates in
transcription regulation — ARya CHANGIARATH', Rosa HER-
RERA RODRIGUEZ!, JASPER MIcHELS®, FRIEDERIKE ScHMID!, JAN
PapeEkEN?, and eLukas STeELzL'2 — !Johannes Gutenberg Univer-
sity Mainz — 2Institute of Molecular Biology (IMB) — 3Max Planck

Insitute for Polymer Research

Phase-separated condensates may spatio-temporally regulate RNA
polymerase II (Pol II) during the transcription of genes. Distinct con-
densates may underpin the two key stages of transcription, initiation
and elongation. However, it remains unclear whether these conden-
sates mix or maintain distinct chemical environments. To investigate
this, we combined multi-scale molecular dynamics simulations with
experiments in C. elegans. We identified a lower critical solution tem-
perature (LCST) behavior for Pol II, where higher temperatures pro-
mote condensation. This behavior correlates with an incremental tran-
scriptional response to temperature but is largely uncoupled from the
classical heat stress response. Our simulations demonstrate that the
phosphorylation state of the disordered CTD controls the demixing of
CTD and pCTD, resulting in full or partial engulfment depending on
composition. Remarkably, we observe such partially-demixed of RNA
polymerase II condensates by super resolution microscopy of C. elegans
embryos. Overall, our results suggest that partially demixed conden-
sates provide distinct chemical environments and binding platforms to
facilitate transcription initiation and elongation.

CPP 17.5 Mon 19:00 P5
Optimization of Slot-Die Printed Organic Solar Cells —
eDinusna M. Ecarra, CuristorH G. LINDENMEIR, and PETER
MuULLER-BuscuBauM — TUM School of Natural Sciences, Chair for
Functional Materials, Garching, Germany

Organic solar cells (OSCs) are promising candidates for lightweight,
flexible, and low-cost photovoltaic technologies due to their solution
processability and compatibility with large-area printing. The perfor-
mance and stability of printed OSCs, however, are highly influenced
by the morphology and uniformity of the active layer, which are sensi-
tive to changes in coating and processing conditions. In this work, we
investigate the optimization of printed donor-acceptor active layers by
systematically varying key fabrication parameters, including coating
temperature, printing speed, and solution preparation. The resulting
thin films are characterized using UV-Vis spectroscopy to evaluate op-
tical absorption, and microscopy to investigate the film homogeneity,
while X-ray reflectivity (XRR) is used to determine film thickness and
roughness. Full devices are built and assessed through current-voltage
(J-V) measurements under standard illumination to establish how dif-
ferent printing conditions affect active-layer morphology and overall
photovoltaic performance.

CPP 17.6 Mon 19:00 P5
Tuning Two-Photon Absorption Cross Sections in Azaacene
Diradicals — eGABRIEL SAUTER!, ANTONIA PapaposToLou?, Ju-
LiA WEvanDT!, PascaL MERTEN?, KERSTIN BRODNER®, Uwe
H. F. Bunz?, Anpreas Dreuw?, and PeTrRA TEGEDER!
I Physikalisch-Chemisches Institut — 2Interdisziplinires Zentrum fiir
Wissenschaftliches Rechnen — 2Organisch-Chemisches Institut, Uni-
versitiat Heidelberg

Diradical bithiophene azaacenes have been shown as an outstanding
class of nonlinear optical (NLO) materials with potential applications
in bioimaging, photodynamic therapy, and 3D nanoprinting, while ex-
hibiting exceptionally high two-photon absorption (2PA) cross sections
exceeding 53000 GM [1]. Using a combined approach of experimen-
tal z-scan measurements and theoretical modeling, we analyzed the
structure-property relationships governing NLO efficiency and tun-
ing. Here especially the influence of diradical character, molecular
extension, and sulfur substitution on the 2PA response was investi-
gated. The results reveal fundamental insights into the synergy be-
tween molecular symmetry and electronic structure for optimizing the
NLO responses. This enables a more targeted design of near-infrared
active materials for photonic applications.

[1] G. Sauter, A. Papapostolou et al., Angew. Chem. Int. Ed. 2025,
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64, 2503073.

CPP 17.7 Mon 19:00 P5
Long Chain, Strong Gain: How SubPC side chains control
the pseudoferroelectric bulk photovoltaic effect — eKasrar
Haas!, Sopuia KLuBerTz!, VicTor RopRrIGUEZZ, DAVID GONZALEZ-
RoDpRicUEZ3, MIGUEL Garcia IcLEsIAs?, and MARTIIN KEMERINK!
— 1Universitiat Heidelberg, Heidelberg — 2Universidad de Cantabria,
Santander — 3Universidad Auténoma de Madrid, Madrid

While most studies of the bulk photovoltaic effect (BPE) in recent
years have focused on inorganic materials, this fascinating effect should
also be observable in organics. In contrast to the conventional photo-
voltaic effect, the BPE voids the need for doping by utilizing an intrin-
sic symmetry breaking and could allow for wider absorption spectra
while theoretically overcoming the Shockley-Queisser limit. Going or-
ganic holds the additional promise of lightweight, low-fabrication- and
low-energy-cost devices, and, particularly, of a much greater tunability
of the active material.

Here, we investigate organic molecules of the semiconducting -
conjugated SubPC-F family with the purpose of finding and quan-
tifying a bulk photovoltaic effect. Combining electrical measurements
with polarization optical microscopy (POM), XRD and AFM, we inves-
tigate the dipole alignment in these liquid crystalline materials, before
assessing their photovoltaic performance under irradiation. We further
build our own liquid crystal cells for measuring in out-of-plane struc-
tures to draw a connection between device thickness and performance.
We also aim to quantify the influence of different side chain lengths on
material properties like open-circuit voltage and photocurrent.

CPP 17.8 Mon 19:00 P5
Thin Films of Substituted Imidazoquinolines as Emitters for
Blue OLED Devices — eLasse Frerrac!, PascaL SCHWEITZER!,
CARINA Rossicer?, Tromas OEL?, RicHARD GoTTLICHZ, and
Derck ScHLETTWEIN! — 1Justus-Liebig-Universitdt GieRen, Insti-
tut fiir Angewandte Physik, Heinrich-Buff-Ring 16, D-35392 Giefien
— 2 Justus-Liebig-Universitidt Giefen, Institut fiir Organische Chemie,

Heinrich-Buff-Ring 17, D-35392 Giefsen

Organic semiconductors are routinely applied in microelectronics. Still
challenging is the field of organic blue light emitting diodes (OLED),
due to degradation of the emitters. We study the application of imida-
zoquinolines such as 4EstPhPh(iso)IC as emitters. Different substitu-
tional patterns allow for tuning of their opto-electronic properties. We
achieved thin films of 4EstPhPh(iso)IC via physical vapor deposition
(PVD). Promising blue photo- and electroluminescence was found in
solid state. Film formation at interfaces with contact materials was
studied by in-situ Kelvin-probe force microscopy (KPFM). On the
p-conducting poly(3,4-ethylenedioxythiophene) polystyrene sulfonate
(PEDOT:PSS) we found a Stranski-Krastanov (SK) growth of the
emitter. X-ray diffraction (GI-XRD) confirmed a crystalline structure
in these films, in line with single crystal data. Further, the growth
of n-conducting bathocuproine (BCP) on the emitter layer was mon-
itored by KPFM, revealing SK growth followed by formation of 3D
crystalline islands. As a fundamental prerequisite, morphological sta-
bility at air was confirmed by microscopy. Therefore, we built OLED
with varying thickness to find the best-performing layer stack.

CPP 17.9 Mon 19:00 P5
The aggregation of DPND dyes in the solid state stud-
ied by nuclear magnetic resonance spectroscopy — eSASCHA
BarroscH!, MoHAMED BouasHINE?, Lukasz KIELESINSKI®, Ma-
RIETA LEvicHKOvA?, Eva BrrTricH!, PETRA UHLMANN!, PATRICK
BrocoRENS?, MARTIN PrerFrEr?, DanieL T. Gryko®, Davip
BeLjoNNEZ, and ULricH ScHELER! — !Leibniz-Institut fiir Polymer-
forschung Dresden e. V. - Dresden, Germany — 2Laboratory for
Chemistry of Novel Materials, University of Mons - Mons, Belgium
— 3The Institute of Organic Chemistry of the Polish Academy of Sci-
ences - Warsaw, Poland — 4Heliatek GmbH - Dresden, Germany

Dipyrrolonaphthyridinediones (DNPDs) have recently been introduced
as a novel class of cross-conjugated dyes. Their promising photophys-
ical properties make them a potential candidate for various applica-
tions. Although the packing type is expected to have an influence on
the performance, their aggregation remains to be studied.

Solid-state NMR 1H-1H double-quantum-single-quantum correla-
tion experiments are suitable to probe the spatial proximity of func-
tional groups since it is based on short-range dipolar interactions be-
tween the spins. The proximity information is used for the under-
standing of the packing of molecules. Signals have been assigned by
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comparison of the experimental to simulated chemical shifts. Strong
up-field shifts of aromatic protons induced by packing effects like pi-
pi-interactions were observed, consistent with predicted crystal struc-
tures. Intermolecular homo couplings were used to identify different
aggregation patterns.

CPP 17.10 Mon 19:00 P5

Influence of antisolvents and interfacial layers on charge
carrier dynamics of hybrid perovskite films eLEON
WEINTZ!, PaTRICK DORFLINGER!, VOLODYMYR VASYLKOVSKYI',
Junmo Park?, HoseoM Kim2, and ViabpiMiR Dyakonov!
IExperimental Physics 6, University of Wiirzburg, 97074 Wiirzburg,
Germany — 2Department of Materials Science and Engineering,
Gwangju Institute of Science and Technology, 61005, Gwang-ju, Re-
public of Korea

Charge carrier behavior in perovskite thin films is crucial to their
optoelectronic performance; yet, the impact of antisolvents and self-
assembled monolayers (SAMs) on their basic charge carrier transport
properties remains not fully understood. In this work, FAPbI3 and
FAMACsPbBr3 perovskite systems are investigated to gain a more
comprehensive understanding of how processing additives influence
charge generation, transport, and recombination. The mobility and
lifetime of photogenerated charge carriers in perovskite layers are deter-
mined in a non-contact way using Time-Resolved Microwave conduc-
tivity (TRMC), where the interaction of an applied electro-magnetic
field with the charge carriers results in a time-dependent change in con-
ductance. Complementary time-resolved photoluminescence (trPL)
measurements support the interpretation of TRMC-derived carrier dy-
namics. Together, TRMC and trPL provide insight into how process-
ing additives influence charge-carrier dynamics in perovskite materials.

CPP 17.11 Mon 19:00 P5
Comparative Analysis of Excited-State Dynamics in Thio-
phene based D-A-Polymers — Tosias Reiker!, Marek K
CHARyTON?, L1u Z1ToNG?, DEQING ZnANG?, NicoLas D. BoscHERZ,
and eHELMUT ZacHARIAs! — !Center for Soft Nanoscience, Univer-
sity of Miinster, Germany — 2Materials Research and Technology De-
partment, Luxembourg Institute of Science and Technology, Esch-sur-
Alzette, Luxembourg — 3Institute of Chemistry, Chinese Academy of
Science, Beijing, China
We investigate the excited state dynamics of conjugated thiophen
based polymers using several kinetic models commonly discussed in
the literature. These models describe scenarios in which a short lived
excited state acts as a precursor for one or more long lived states and
are formulated through coupled rate equations. Four representative
models were fitted to the dynamics of DPP4T-1 and subsequently ap-
plied to pDPP4T, DPP DTT, pF8T2 and pTDPP to identify trends
linked to structural variations within the polymer series. This analysis
provides a coherent framework for comparing relaxation pathways and
for assessing how precursor states influence the formation of long lived
excited state populations.

CPP 17.12 Mon 19:00 P5
Tuning the switching response of purely organic photonic de-
vices by polymer blending — eJINGHAN LIN, SEBASTIAN SCHELL-
HAMMER, and SEBASTIAN REINEKE — Dresden Integrated Center for
Applied Physics and Photonic Materials (IAPP) and Institute of Ap-
plied Physics, Technische Universitdt Dresden, Dresden, Germany

Programmable luminescent tags (PLTs) provide a promising pho-
tonic technology for UV sensing by utilizing the oxygen-sensitivity of
room-temperature phosphorescence (RTP) from purely organic emit-
ters [1]. In the emissive layer, the emitter molecules are diluted at
low concentration in a rigid polymer host, like Polystyrene (PS) or
Poly(methyl methacrylate (PMMA), to reduce photonic loss mecha-
nisms, e.g. triplet-triplet annihilation and non-radiative relaxation.
Here, we tailor the microenvironment of RTP emitters and, thus, the
photophysical characteristics of the emissive layer by blending different
polymers. While the blending of PMMA550k with PS350k led to inho-
mogeneous films with insufficient photophysical properties, mixing of
PS350k with PS40k allows the finetuning of the UV dose required to
activate the RTP emission in the PLTs. By combining polymers with
different physical characteristics, the local matrix rigidity, oxygen per-
meability, and intermolecular interactions can be varied in a controlled
manner. The study demonstrates how polymer-host engineering pro-
vides a systematic route to modulate the characteristics of PLTs while
maintaining their key characteristics.
[1] Gmelch et al., Science Advances 2019. aau7310
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CPP 17.13 Mon 19:00 P5
Unraveling biodegradable phosphorescent emitters by com-
bining quantum chemical simulations with photophysical
spectroscopy — ePHILIPP WIELAND, IuLllA MALAKHOVA, SEBAS-
TIAN REINEKE, and SEBASTIAN SCHELLHAMMER — Dresden Integrated
Center for Applied Physics and Photonic Materials (IAPP) and Insti-
tute of Applied Physics, Technische Universitdt Dresden

Naturally derived organic emitters are required for the design of ef-
ficient biodegradable photonic devices. For instance, quinoline alka-
loids exhibit sufficient emission via room-temperature phosphorescence
(RTP), enabling their successful application in programmable lumi-
nescent tags for sustainable information storage [1]. Despite minimal
structural differences between specific emitters of this quinoline alka-
loid material family, they result in very different device performances.
In this work we present a combined experimental and computational
characterization of RTP-active quinoline alkaloids, aiming to improve
the understanding of their structure-property relationship. Photolu-
minescence analysis of quinine and cinchonine shows that phospho-
rescence dominates as the radiation process in cinchonine, whereas
fluorescence is much more pronounced in quinine. To understand
the origin of these differences, Density Functional Theory simulations
are conducted. Conventional modelling approaches typically rely on
static descriptions, which, while efficient, fail to capture the behavior
of highly dynamic molecules. To overcome this limitation, we explic-
itly incorporate Molecular Dynamics into the screening of excited state
properties. [1] Thomas et al. Adv. Mater. 2024, 36, 2310674.

CPP 17.14 Mon 19:00 P5
Stabilization via Confinement of Halide Perovskites
eMarius Kaiser!, Osama ALsHEiKA?, HELEN GROUNINGERZ?, and
Eva M. Herzic! — !Dynamik- und Strukturbildung - Herzig Group,
University of Bayreuth, Germany — 2Bavarian Center for Bat-
tery Technology (BayBatt) and Inorganic Chemistry, University of

Bayreuth

The practical use of halide perovskites (HPs) for optoelectronic appli-
cations is severely limited by degradation caused by intense light expo-
sure, heat, and unintended ion transport under external electric fields
[1]. Key challenges in this field include understanding the underlying
mechanisms, stabilizing the semiconductor, and achieving controlled
electron and ion transport.

Methylammonium lead bromide (MAPbBr3) is used as a model sys-
tem, and its lattice parameters are systematically investigated in both
bulk form and when confined within SBA-15 silica nanopores (average
diameter 8.4 nm), across a range of temperatures and pore loadings.

Furthermore, we examine thermal expansion behaviour of the ma-
terials and evaluate the effect of surface functionalization.

These results provide valuable insights for the development of more
stable HP-based optoelectronic devices with directionally controlled
charge transport.

[1] Greve, C. et al. To Stop or to Shuttle Halides? The Role of an
Tonic Liquid in Thermal Halide Mixing of Hybrid Perovskites. ACS
Energy Lett. 8 (2023).

CPP 17.15 Mon 19:00 P5
Early-Stage Growth and Morphological Evolution of Ag
Electrodes during Sputter Deposition on PDINN — eDoan
Duy Ky Le!, KrisTiAN Reck?, BENEDIKT SocHOR?, THOMAS
STRUNskUs2, JuNgul ZHou®, ANURAGK KeLoTH?, LyuvaNGg
Cuenc!, SaraTHAL KoviLoTH VavaLiL®, Stepuan V. Rotu3, and
PETER MULLER-BuscuBauM! — 1TUM School of Natural Sciences,
Chair for Functional Materials, Garching, Germany — 2CAU, Kiel,
Germany — 3DESY, Hamburg, Germany

The integration of sputtered metal electrodes with organic interlay-
ers remains a key challenge for the scalable fabrication of organic solar
cells (OSCs). PDINN is an efficient cathode interlayer, yet its behavior
under sputter deposition is not well understood. Here, we use in situ
GISAXS to resolve the nanoscale morphological evolution of Ag during
direct-current magnetron sputtering (DCMS) onto PDINN thin films.
Time-resolved scattering reveals distinct early-stage growth regimes,
including the nucleation of small Ag clusters, their coalescence into
medium-sized species, and the formation of laterally connected do-
mains. Compared to thermally evaporated Ag, sputtered Ag achieves
continuous coverage at significantly reduced thickness. These find-
ings confirm the feasibility of sputter-deposited Ag/PDINN interfaces
and establish a foundation for scalable electrode fabrication in next-
generation OSCs.
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CPP 17.16 Mon 19:00 P5
Spin-Sensitive Spectroscopy of TADF OLEDs — eANDREAS
KoHRMANN, AHMED MOHAMED, VLADIMIR DyAkoNOV, and ANDREAS
SPERLICH — Experimental Physics 6, University of Wiirzburg, 97074
Wiirzburg, Germany

The performance of the blue emitter ~-DABNA in thermally activated
delayed fluorescence (TADF) organic light-emitting diodes (OLEDs)
is closely related to the dynamics of triplet excitons. In optically
excited host-guest thin films, triplet states are generated and evolve
through the intricate interplay of triplet diffusion, triplet recombina-
tion, and triplet-triplet annihilation (TTA). Thereby TTA and triplet
diffusion are inherently host-dependent. Consequently, the host envi-
ronment exerts a pivotal influence on exciton loss and delayed emis-
sion pathways. We used spin-sensitive optical spectroscopy, specif-
ically photoluminescence-detected magnetic resonance (PLDMR) to
examine the spin nature of the singlet-triplet interaction in optically
excited host-guest thin films. Correlating these with exciton kinetics
from transient photoluminescence (trPL) yields insights on the lumi-
nescence as well as the formation, diffusion, and annihilation of triplet
excitons. The findings of this study offer a more profound understand-
ing of the triplet harvesting mechanisms in TADF emitters. Addition-
ally, they offer guidance for host selection strategies that are intended
to enhance the efficiency and stability of the devices.

CPP 17.17 Mon 19:00 P5
Excimers in carbazole-substituted 4NICz TADF emitters:
from frozen solution to films. — eAnaroLit Kuimov!, OLIVER
Lee?, ELl ZysMaN-CoLMAaN?, and ANNA KOHLER! — 1Soft Matter
Optoelectronics, University of Bayreuth, 95440 Bayreuth, Germany.
— 20rganic Semiconductor Centre, EaStCHEM School of Chemistry,
University of St Andrews, St Andrews, UK, KY16 9ST

To obtain high brightnesses in OLEDs, emitters need to be packed suf-
ficiently densely for good charge transport. However, too close a prox-
imity between chromophores can lead to the formation of excimers.
We investigate under which conditions such excimers are formed in
carbazole-substituted 4NICz blue emitters and how this formation can
be controlled. In dilute solution at room temperature, we see only
emission from non-interacting molecules, whereas in frozen glass a
weak red-shifted emission band appears that grows with laser intensity.
A similar increase is observed in films. We attribute excimer formation
in the glass and in films to structural reorganization after local heating
that results from the absorption of the laser pulses.

CPP 17.18 Mon 19:00 P5
Bulk-Heterojunction Morphology Engineering in D18:Y6 So-
lar Cells — eDEnNIS STrRAUB, Lixing Li, and PETER MULLER-
BuscuBaum — TUM School of Natural Sciences, Chair for Functional
Materials, 85748 Garching, Germany

Organic solar cells based on non-fullerene acceptors have attracted con-
siderable interest due to their favourable optoelectronic properties and
compatibility with low-temperature solution processing. In this work,
the D18 polymer donor and the non-fullerene acceptor Y6 (BTP-4F)
are used as the active layer materials. The study investigates how
variations in fabrication parameters influence the evolution of the bulk-
heterojunction morphology and the resulting photovoltaic behaviour.
Key factors examined include solvent choice, wet-film formation, dry-
ing kinetics, and thermal treatment, which govern phase separation,
domain purity, and molecular ordering within the active layer.

To further explore morphology control, selected additives are in-
troduced that may affect miscibility, aggregation, and domain forma-
tion. Their influence on the structural organisation of the D18:Y6
blend is analysed to determine how additive-induced morphological
changes impact charge generation, transport pathways, and recombi-
nation processes. By correlating structural characteristics with device
performance, this work aims to clarify how processing and material
modification shape the efficiency and reproducibility of D18:Y6 or-
ganic solar cells and to provide guidance for future optimisation.

CPP 17.19 Mon 19:00 P5
Spray Engineering for High-Efficiency Organic Solar Cells
— oXinvu Jianc!, Kanc AN?, Nabpsa Koerpin!, Nine Li2, and
STEPHAN V. RoTu!3 — 1Deutsches Elektronen-Synchrotron DESY,
Notkestrafe 85, 22607 Hamburg — 2Institute of PolymerOptoelec-
tronic Materials and Devices, State Key Laboratory of Luminescent
Materials and Devices, South China University of Technology (SCUT),
Guangzhou, Guangdong 510641, China — 3Department of Fibre and
Polymer Technology, KTH Royal Institute of Technology, Teknikringen
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Spray coating has emerged as a powerful and scalable technique for
fabricating high-performance organic solar cells (OSCs), offering pre-
cise control over ink deposition and rapid compatibility with large-
area manufacturing. Compared with conventional solution-processing
methods, spray deposition enables fine tuning of droplet dynamics, sol-
vent evaporation, and wet-film thickness, which are critical for achiev-
ing optimal phase separation and molecular ordering in the active layer.
In this work, we demonstrate that rational engineering of spray param-
eters such as atomization rate, nozzle substrate distance, carrier-gas
flow, and solvent volatility significantly improves film uniformity and
reduces morphological defects, leading to enhanced charge transport
and suppressed recombination losses. By integrating these optimized
spray processes, the resulting OSCs exhibit markedly improved device
efficiency and excellent reproducibility across enlarged areas. These
results highlight spray coating as a highly efficient and industry-ready
pathway for the scalable integration of organic solar cells.

CPP 17.20 Mon 19:00 P5
Narrowband organic Photodetectors with J-Aggregate ma-
terials — @ANGELINA STOER!', JakoB WoLaNsky!, MATTHIAS
StorTte?, FRaNK WOURTHNER?, KarL Leol!, and JOHANNES
BenDUHN! — !Institut fiir Angewandte Physik und Photonik, TU

Dresden — 2Institut fiir Organische Chemie, Universitit Wiirzburg

With the development of organic photodetectors, new opportunities
for narrowband photodetection have emerged. Instead of relying on
costly and unwieldy optical filters, the molecular structure of organic
materials can be chemically tailored to tune their absorption range.
Recently, the material class of merocyanine dyes has been investigated
as a promising candidate for this purpose, exhibiting favorable ab-
sorption properties. By post-annealing these dyes, the molecules can
rearrange and form J-aggregated thin films, resulting in a narrowband
absorption spectrum due to the intermolecular interactions.

In this work, the merocyanine dye 1(Hex) is used in fully vapor-
deposited organic photodetectors. Narrowband detection with a
FWHM as low as 15nm could be realized at a center wavelength of
755nm. Through careful optimization of the heating conditions and
device structure, a notable external quantum efficiency was achieved,
accompanied by very low noise at zero voltage. Based on this, the
resulting specific detectivity exceeds 102 Jones. The comprehensive
photodetector characterization is complemented by an in-depth anal-
ysis of changes in the thin film‘s morphology and energetics induced
by the J-aggregation formation process.

CPP 17.21 Mon 19:00 P5
Nanoscale Structural and Electronic Characterization of the
DTDCPB:C70 donor-acceptor system for vacuum-deposited
organic solar cells — eMiLENA MERKEL?, JAN TER GLANEDZ,
and Harry Monigh2 — lInstitute of Physics, University of Miin-
ster, Miinster, Germany — 2Center for Nanotechnology (CeNTech),
Miinster, Germany

The active layer of organic solar cells is produced either by solution-
processing or vacuum thermal evaporation. While solution-processed
cells have achieved higher efficiencies to date, vacuum-deposited cells
exhibit higher morphological stability and thus a longer durability. For
a future commercialization of organic solar cells, where both efficiency
and durability are crucial, understanding the current limitations of
vacuum-deposited cells is thus of major interest.

Cells based on an active layer made of the DTDCPB:C70 donor-
acceptor system have so far achieved one of the highest efficiencies in
the group of vacuum-deposited organic solar cells, while also exhibiting
high durability [1,2]. We used a combined approach of high-resolution
scanning tunneling microscopy and spectroscopy to investigate the
structural and electronic properties of assemblies of these donor and
acceptor molecules deposited on single-crystalline substrates, as well
as of their lateral and vertical interfaces.

[1] Griffith et al., Phys. Rev. B 92, 085404 (2015)

[2] Zou et al., J. Mater. Chem. A 2, 12397 (2014)

CPP 17.22 Mon 19:00 P5
Interfacial modification of transport layers for enhancing the
performance and stability of organic solar cells — eSAIB JAHAN
Qazih2, Mp. MomuL Istam2, Mp. ZoBAER AHMED Ranar!2,
Mbp. FaruaruL Hassan'2, ULrica S. ScHUBERT 2, and HARALD
Horpe!2 — 1Laboratory of Organic and Macromolecular Chemistry
(IOMC Jena), Friedrich Schiller- University Jena, Jena, Germany —
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2Center for Energy and Environmental Chemistry Jena (CEEC Jena),
Friedrich-Schiller-University Jena, Jena, Germany

Organic solar cells are emerging as promising prospects in the field of
solar energy technology due to their low-cost, lightweight and simple
roll to roll fabrication properties. A record power conversion efficiency
above 19% has already been reported. However, long-term stability is
still the main obstacle for commercialization due to inherent instability
particularly at the interfaces. In this study, we demonstrate solution
processed interfacial modification of zinc oxide (ZnO). ZnO is widely
used in organic solar cells for electron extraction, but it brings perfor-
mance and lifetime limitations due to surface defects and photochem-
ical reactions under UV exposure, which generates radicals resulting
into accelerated degradation of the photoactive layer in the device.
Here we compare approaches using organic acids with polysilazane,
for successful ZnO passivation.

CPP 17.23 Mon 19:00 P5
Simulation of Pump-Probe Spectra Including Linear Vibronic
Coupling — A Study on Naphthalene Diimide — eMAaATTHIAS
KNECHTGES, MAXIMILIAN F. X. DORFNER, and FRANK ORTMANN
— Department of Chemistry, TUM School of Natural Sciences, and
Atomistic Modeling Center, Munich Data Science Institute, Technical
University of Munich, Miinchen, Germany

Non-linear optical techniques such as pump-probe spectroscopy pro-
vide insight into the dynamical processes governing excited-state evo-
lution, which are often influenced by electron-vibrational interactions.
The theoretical computation of pump-probe spectra remains an open
research field [1] due to the complicated treatment of coupled electronic
and nuclear dynamics, which require feasible but accurate approxima-
tions [2]|. In particular, including the full quantum nature of the nuclei
remains a major challenge.

In this contribution, we present a framework for calculating pump-
probe spectra of molecules based on an analytic linear electron-
vibrational coupling model. Evaluating the third-order response func-
tion in the Franck-Condon approximation and including vibrational
transitions enables us to predict the pump-probe signal in the infrared
region as well. We apply this to the Naphthalene Diimide molecule, a
building block for a prospective solar cell material.

[1] Gelin, M., et al., Comp. Mol. Sc. (2025); [2] Park, J. W., et al., J.
Chem. Theory Comput. (2017)

CPP 17.24 Mon 19:00 P5
QD-based hybrid organic photo detectors for narrowband IR
sensing — eJonann DEMEL!, Louts ConrRaD WINKLERD?, ANDREY
Iopcuik2, Moritz FLEMMING!, ToBias ANTRACK!, KARL LEO!, and
JonanNes BeENDUHN'3 — 1IAP, TU Dresden — 2Chemistry, TU
Dresden — 3German Center for Astrophysics

The ability to detect infrared radiation is relevant across a multitude of
fields. Autonomous driving and deep space exploration utilize its abil-
ity to propagate long distances with little absorption losses. While,
e.g., medical diagnostics can profit from its penetration depth into
biological tissue. Organic materials have proven to be a viable plat-
form for photo detection, with advantages such as low-cost fabrication,
flexible devices, and tunable absorption; however, their IR absorption
capabilities are limited.

This work presents a hybrid structure combining organic transport
layers and PbS nanoparticles into optical microcavities. Based on
transfer-matrix simulations, the resonance wavelength of the stack can
be precisely predicted and tuned by adjusting the thickness of the or-
ganic transport layers. By combining precise thermal evaporation of
the organic layers with interface assembly to incorporate nanoparticle
layers into the stack, wavelength-selective devices are achieved whose
resonance feature can be tuned from 750 nm up to 1800 nm. This
expands the advantageous properties of the organic device framework
by the wavelength-tunable IR absorption capabilities of semiconductor
nanoparticles, leading to devices with specific detectivity values D* of
10 ¢m - VHz - W' (based on noise measurements).

CPP 17.25 Mon 19:00 P5
Heat induced morphological changes in PSHT:PCBM solar
cells — eJose PRINCE MaparLaimmuTHU!2, EDwARD Wijayal2:3
ULRICH S ScHUBERT!'2, and HaraLD Hoppe!2 — 1Laboratory of Or-
ganic and Macromolecular Chemistry (IOMC Jena), Friedrich-Schiller-
Universitit Jena, Germany — 2Center for Energy and Environmen-
tal Chemistry Jena (CEEC Jena), Friedrich-Schiller-Universitat Jena,
Germany — 3Department of Chemical Engineering, Swiss German
University, 15143 Tangerang, Indonesia
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Organic solar cells are becoming an important technology for next-
generation energy applications since they can be made into flexible and
lightweight devices. However, attaining thermal stability remains a sig-
nificant challenge for its actual deployment. Heat-induced morphologi-
cal alterations within the photoactive layer typically led to considerable
performance reductions. It’s interesting to note that this effect may be
reversed in some circumstances. Our investigations on P3HT:PCBM
solar cells show that devices subjected to high-temperature exposure
(up to 250°C) demonstrated substantial performance recovery upon
cooling. Thermally driven and reversible morphological change in the
active layer was demonstrated by photoluminescence analysis.

CPP 17.26 Mon 19:00 P5
Trace Intrinsically Microporous Polymer Additives Induce
LiF-Rich SEI for Enhanced Performance of Silicon-Based
Lithium-Ion Batteries — eMinG Yanc!, Ruoxuan Qr', Ya-Jun
CueNG?, and PETER MULLER-BuscuBauMm! — 1TUM School of Nat-
ural Sciences, Chair for Functional Materials, Garching, Germany —
2College of Renewable Energy, Hohai University, Changzhou, Jiangsu
Province, P. R. China

Silicon-carbon (Si/C) composite anodes are promising candidates for
high-energy-density lithium-ion batteries due to the high theoretical
capacity of silicon. However, their practical application is hindered
by severe volume expansion and unstable solid electrolyte interphase
(SEI) formation during cycling. Fluoroethylene carbonate (FEC) is
commonly used to improve interfacial stability, but its effectiveness
is limited by concentration sensitivity and uncontrollable side reac-
tions. This study introduced carboxyl-functionalised intrinsically mi-
croporous polymer (PIM-COOH) as a functional additive, achieving
dual regulation of electrode structural evolution and interfacial chem-
istry. Only 0.5wt% PIM-COOH is required to achieve these effects.
The Si/CQPIM]||Li half-cell retains 90% of its capacity after 300 cy-
cles at 1.0 C, demonstrating excellent long-term stability. The utili-
sation of 1Ah NCM811-Si/C pouch cells demonstrates its commercial
potential. These results demonstrate a scalable and effective strategy
for stabilizing silicon-based anodes, offering valuable insight into the
design of next-generation lithium-ion batteries with both high energy
density and long cycle life.

CPP 17.27 Mon 19:00 P5
In-situ WAXS observation of 3D porous electrodeposition
Cu in lithium-metal batteries — eLyuvancg CHENG!, ZHULJUN
Xul, YinayiNe YAN!, FABIAN APFELBECK!, YuxiN Lianc!, AN-
ToN Davypok?, CurisTiNa Krywka3, Yasjun CueENG2, and PETER
MUOLLER-BUSCHBAUM! — 1 TUM School of Natural Sciences, Chair for
Functional Materials, 85748 Garching, Germany — 2Hohai Univer-
sity, 213022 Changzhou, China — 3Helmholtz-Zentrum Hereon, 21502
Geesthacht, Germany

Lithium (Li) metal is the ultimate anode for rechargeable batteries. Its
high specific capacity (3860 mAh/kg) and low voltage warrant optimal
cell energy density. However, these anodes rely on repeated plating and
stripping of Li, which leads to consumption of Li and the growth of
dendrites that can lead to self-discharge and safety issues. To address
these issues and problems, a number of different porous conductive
scaffolds have been reported to create high surface area electrodes on
which Li can be plated reliably. While impressive results have been re-
ported in literature, current processes typically rely on either expensive
or poorly scalable techniques. Herein, we report a scalable fabrication
method to create porous Cu anodes using a one-step electrodeposition
process. The areal loading, pore structure, and electrode thickness
can be tuned by changing the electrodeposition parameters, and we
illustrate the in-situ nano WAXS images with lithium growth, which
can help to explain the mechanism. We also provide a feasible method
to fabricate the porous Cu cathodes with different electrodeposition
solution concentrations.

CPP 17.28 Mon 19:00 P5
Ionic-Liquid-Regulated PVC-Based Solid Polymer Elec-
trolyte for High-Performance Lithium Metal Batteries —
eJ1aQI DiNG and PETER MULLER-BuscuBauMm — TUM School of Nat-
ural Sciences, Chair for Functional Materials, Garching, Germany

Lithium metal batteries (LMBs) are regarded as one of the most
promising next-generation energy-storage systems owing to their ultra-
high theoretical capacity. However, the safety issues associated with
conventional liquid electrolytes, including dendrite-induced short cir-
cuits and interfacial instability, severely hinder their practical applica-
tion. Solid polymer electrolytes (SPEs) offer a potential pathway to ad-
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dress these challenges. In this work, we develop a poly(vinyl carbonate)
(PVC)-based solid polymer electrolyte incorporating the ionic liquid
[EMI][TFSI| to enhance both ion transport and mechanical integrity.
Structural and electrochemical characterizations show that the ionic
liquid effectively regulates ion transport within the polymer matrix,
enabling the formation of continuous Li ion conduction pathways and
improving the compatibility of the electrolyte with lithium metal. This
tailored ion-transport behavior leads to enhanced ionic conductivity,
mitigated interfacial degradation, and significantly extended cycling
stability in LMBs. The results highlight the critical role of ionic-liquid
modification in tuning transport properties of polymer electrolytes and
provide a viable materials strategy for high-performance lithium metal
batteries.

CPP 17.29 Mon 19:00 P5
Investigation of the Effects of LIDFOB Salt Concentration
on the Fast-Charging Performance of LiCoO2 Cathodes —
oY IFENG L1u, MiNG YaNG, and PETER MULLER-BuscuBaum — TUM
School of Natural Sciences, Chair for Functional Materials, Garching,
Germany

Fast-charging lithium-ion batteries have drawn increasing interest, yet
lithium cobalt oxide (LiCoO2) paired with commercial electrolytes
generally suffers from severe capacity fading and limited cycle life at
high charging rates. This study aims to explore strategies for im-
proving capacity retention of LiCoOz-based lithium-ion batteries un-
der fast-charging conditions. We employ boron-containing lithium salt
LiDFOB as an electrolyte additive and systematically investigate its
concentration-dependent effects on the capacity retention of LCO cells
under fast-charging operation. Interfacial stability and charge-transfer
kinetics associated with different LiDFOB levels are evaluated through
cyclic voltammetry (CV), linear sweep voltammetry (LSV), Tafel anal-
ysis, and chronoamperometry (CA). The results show that the concen-
tration of LiDFOB has a pronounced influence on the cycling perfor-
mance. In particular, the optimized LIDFOB concentration enables
the LCO cells to stably cycle for over 1000 cycles at 1C and 3C, bene-
fiting from the improved interfacial stability and enhanced Lit trans-
ference number. Morphological and material characterizations further
reveal that different LIDFOB concentrations generate SEI films with
distinct compositions and structures, which account for the disparities
in fast-charging capacity retention.

CPP 17.30 Mon 19:00 P5
High-Power Continuous Laser-Guided Synthesis of Bimetallic
Metal-Organic Framework (NiCoMOF) Structures and Their
Composites: Photophysical, Photochemical, and Electri-
cal Characterization — eSaLina MUTLUY2, BoLExpD ORTAQ?,
ALt KARATUTLU?23, Nerais ARSU4, and SeviL SAVASKAN
YILMAZ"2 — 'Karadeniz Technical University Chemistry Depart-
ment, Trabzon, Tiirkiye — 2Bilkent University, Institute of Materi-
als Science Nanotechnology and National Nanotechnology Research
Center (UNAM), Ankara, 06800 Turkey — 3Sivas University of Sci-
ence and Technology, Department of Engineering Basic Sciences, Sivas,
58100 Turkey — “4Department of Chemistry, Yildiz Technical Univer-
sity, Davutpasa Campus, Istanbul 34210, Turkey;

Metal-organic frameworks (MOFs) are among the most innovative
breakthroughs in chemistry and materials science. In this study,
the first bimetallic synthesis of MOFs was achieved using the high-
power laser-induced rapid synthesis (LIRS) method via two different
ligand and metal salt combinations with different 7w-conjugated link-
ers. The synthesis of NiCo-MOF structures (in 1:2 and 2:1 ratios)
was completed in just 70 minutes using the LIRS method. Further-
more, the synthesis of MOF composites (rGO/MOF) containing re-
duced graphene oxide (rGO) was also achieved for the first time. On
top of these, the electrical properties of the epoxy acrylate-based MOF
and rGOQMOF composites prepared by in situ photopolymerization
were investigated in detail. This study was supported by TUBITAK-
BIDEB 2211-A National PhD Scholarship Programs.

CPP 17.31 Mon 19:00 P5
A gel polymer electrolyte interface layer-amphiphilic poly-
mer/salt composite nanoarray for lithium metal batteries —
e THoMAS BULLINGER, MING YANG, and PETER MULLER-BuUscHBAUM
— TUM School of Natural Sciences, Chair for Functional Materials,
Garching, Germany
Research on lithium-ion batteries has been focused on improving en-
ergy density, which is mainly limited by conventional graphite anodes.
Therefore, lithium metal has emerged as a desirable anode material due
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to its high energy density. However, it easily reacts during cycling, thus
forming lithium dendrites, which can lead to short-circuiting of the
battery. As liquid electrolytes cannot solve this problem, solid-state
polymer electrolytes have shown promise as an alternative, but their
ionic conductivity at room temperature limits their practical use, lead-
ing to the compromise of gel polymer electrolytes. In this project the
block copolymer P2VP-b-PEO together with the lithium salt lithium
nitrate, both dissolved in tetrahydrofuran (THF), surprisingly lead to
the solvent phase changing to a gel polymer, which was then used as
the electrolyte in coin cells. For the cycling and rate performance tests,
Li||LFP batteries were investigated. Further experiments include cy-
cling voltammetry (CV), linear sweep voltammetry (LSV), Tafel curves
and impedance spectroscopy.

CPP 17.32 Mon 19:00 P5
In-situ interface film forming on the high-voltage LiCoO2
cathode by a tiny amount of nanoporous polymer addi-
tives — eRuoxuaN Qi!, MiNne Yang!, TiaNLE ZHENG!, XINGCHEN
Liv?, Yonccao Xia2, Ya-Jun CueENG?3, and PETER MULLER-
Buscusaum! — 1TUM School of Natural Sciences, Chair for Func-
tional Materials, Garching, Germany — 2NIMTE, CAS, Zhejiang
Province, P. R. China — 3College of Renewable Energy, Hohai Uni-
versity, Jiangsu Province, P. R. China

The LiCoO2 (LCO) cathode has been foreseen for extensive com-
mercial applications owing to its high specific capacity and stabil-
ity. Therefore, there has been considerable interest in further enhanc-
ing its specific capacity by increasing the charging voltage. However,
single-crystal LCO suffers from a significant capacity degradation when
charged to 4.5 V due to the irreversible phase transition and unstable
structure. Herein, an ultra-small amount (0.5 wt% in the electrode) of
multi-functional PIM-1 (a polymer with intrinsic microporosity) addi-
tive is utilized to prepare a kind of binder-free electrode. PIM-1 modu-
lates the solvation structure of LiPF6 due to its unique structure, which
helps to form a stable, robust, and inorganic-rich CEI layer on the sur-
face of LCO at a high voltage of 4.5 V. This reduces the irreversible
phase transition of LCO, thereby enhancing the cyclic stability and
improving the rate performance, providing new perspectives for the
electrodes fabrication and improving LCO-based high-energy-density
cathodes.

CPP 17.33 Mon 19:00 P5
Effects of differently sized and shaped active and passive
Filler for PVDF-HFP CPEs in All Solid-State Lithium-
Ion Batteries — eDANIEL KARLINGER, YUXIN LiaNg, and PETER
MULLER-BuscuBauM — TUM School of Natural Sciences, Chair for
Functional Materials, Graching, Germany

All-solid-state lithium-ion batteries are regarded as highly promising
due to their enhanced safety and potentially higher energy density
compared to conventional cells with liquid electrolytes. In this project,
solid polymer electrolytes based on PVDF-HFP are investigated with
the aim of improving ionic conductivity and overall electrochemical
performance. The approach is to incorporate combinations of ac tive
and passive fillers to tailor the material properties. Conductivity
and mechanical stability will be systematically examined with cyclic
voltammetry (CV), electrochemical impedance spectroscopy (EIS), X
ray diffraction (XRD) and other methods, in order to identify opti
mized compositions for solid-state battery applications.

CPP 17.34 Mon 19:00 P5
Tracing the Path from Solvation to Transport in Lithium and
Sodium Electrolytes — eCHINWENDU NANCY ANABARAONYE!Z,
Dippo Dippens®, and ANDREAs HEUERD2 — lInstitute of Physical
Chemistry, University of Miinster, Corrensstrafie 28/30, 48149 Miin-
ster, Germany — 2International Graduate School for Battery Chem-
istry, Characterization, Analysis, Recycling and Application (BAC-
CARA), University of Miinster, Corrensstr. 40, 48149 Miinster, Ger-
many — 3Forschungszentrum Jiilich GmbH, Helmholtz-Institute Miin-
ster (IMD-4), Corrensstrafie 48, 48149 Miinster, Germany

Advancing technology continues to increase demands on energy storage
devices and their performance requirements. Over the years, lithium-
ion batteries have consistently remained the market leader. However,
their long-term sustainability remains questionable due to the limited
lithium reserves. Therefore, there is need for increased research toward
alternative battery chemistries, among which are sodium-ion batteries.
The present work is a comparative study of the transport properties
of lithium hexafluorophosphate (LiPF6) and sodium hexafluorophos-
phate (NaPF6) in carbonate electrolytes consisting of ethylene car-
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bonate (EC) and ethyl methyl carbonate (EMC). Based on molecular
dynamics simulations, we analyse the influence of EC ratio and salt
concentrations on the solvation structure with particular focus on the
formation of contact ion pairs (CIP), solvent-seperated ion pairs (SSIP)
and ion aggregates and how this correlates with the ionic transports
within the systems.

CPP 17.35 Mon 19:00 P5
Modeling Electron Transfer at Electrode-Electrolyte Inter-
faces — eJosaua Krieger!23, Joumannes ToLLe®®3 Dippo
DippEns?% and AnxprEas Heuer?® — lInternational Graduate
School BACCARA, University of Miinster, 48149 Miinster, Germany
— 2Institute for Physical Chemistry, University of Miinster, Miinster,
Germany, 48149 Miinster, Germany — 5Center for Multiscale Theory
and Computation (CMTC), University of Miinster, 48149 Miinster,
Germany — 4Department of Chemistry, University of Hamburg, 22761
Hamburg, Germany — 5The Hamburg Centre for Ultrafast Imaging
(CUI), 22761 Hamburg, Germany — SHelmholtz Institute Miinster -
Forschungszentrum Jiilich GmbH (IEK 12), 48149 Miinster, Germany

The solid electrolyte interphase (SEI) is an important component in
rechargeable battery performance and lifetime, but the complex mech-
anisms behind its formation are still not yet fully understood. Accurate
electron-transfer (ET) rates are important for simulating SEI growth,
e.g. using reactive molecular dynamics simulations that require elec-
trolyte reduction rates. To obtain the ET rates, we investigate a
simplified Anderson impurity-type model designed to describe non-
equilibrium electron transfer between an electrode and the redox-active
species under an applied potential. This framework enables system-
atic exploration of how molecular distance, electronic coupling, as well
as solvent interactions and reorganization effects influence electron-
transfer dynamics. The resulting insights provide a foundation for
constructing more reliable, physics-based rate expressions that can be
integrated into large-scale SEI formation simulations.

CPP 17.36 Mon 19:00 P5
Toward Improved Lithium Batteries: Performance of
Magnetron-Sputtered Silicon Anodes — eTHoMAs KOHLER!,
CHrisTIAN Lupt!, TiNna WEIGELY, MARC FERCcHZ, ROBERT HAHNZ,
ANNEKATRIN DELAN®, CHARAF CHERKOUK?, HARTMUT STOCKER!,
and DRk C. MEYER! — 1TU Bergakademie Freiberg, 09599 Freiberg,
Germany — 2Fraunhofer 1ZM, 13355 Berlin, Germany — 3Fraunhofer
1ZM-ASSID, 01468 Moritzburg, Germany — %Helmholtz-Zentrum
Dresden-Rossendorf, 01328 Dresden, Germany

Silicon is considered one of the most promising anode materials for
lithium-ion batteries due to its high theoretical specific capacity of
3590 mAh/g in the Lis 73Si phase at room temperature and its broad
availability. However, its practical application remains limited because
i) significant volume changes occur during cycling, ii) its intrinsic elec-
tronic conductivity is low, and iii) the stability of the solid-electrolyte
interphase is insufficient.

In this work, silicon thin-film anodes were fabricated by magnetron
sputtering onto copper foil. The electrodes were thoroughly charac-
terized regarding their chemical composition and surface morphology.
Scanning electron microscopy was used to evaluate the structural sta-
bility of the silicon layers in contact with a polymer-based solid elec-
trolyte and to compare their degradation behavior with that in con-
ventional liquid electrolyte. Electrochemical testing with the polymer
electrolyte shows promising cycling performance; the reduced surface
degradation observed in SEM correlates with improved long-term sta-
bility of the cell system.

CPP 17.37 Mon 19:00 P5

Structural and Ionic Transport Properties of Li3-
3xDy1+xCl6 Solid Electrolytes — eFraNcEsco FaLsinal:2) Pe-
TER MULLER-BuscuBaum!, and AnaToLly SENYSHYNZ — 1TUM

School of Natural Sciences, Chair for Functional Materials, Garching,
Germany — 2MLZ, TUM, Garching, Germany

Ternary lithium lanthanide chlorides, Li3RClg (R = rare earth), have
recently emerged as promising solid electrolytes. Although initially
thought to exhibit low ionic conductivity, later studies showed that
ball milling synthesis, by leading to microstructure modification, can
raise conductivity to ~ 1073 S.cm~1. In this work we studied the
Liz—32Dy1+4Clg system (x = —0.1 to 0.1). For x = 0, we assessed how
annealing conditions affect structure and conductivity. Ionic transport
was measured using isostatically pressed, gold-sputtered pellets and
broadband impedance spectroscopy. XRD, DSC, and EIS analyses
of as-milled, annealed, and melt-synthesized samples show that con-
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ductivity decreases by nearly an order of magnitude after annealing,
while over-lithiated compositions consistently display higher conduc-
tivity, highlighting the impact of lithium retention. DSC and XRD also
reveal an orthorhombic-to-trigonal transition with increasing lithium
content. Overall, these results clarify how composition and disorder
govern ionic transport in the LigMClg electrolyte family.

CPP 17.38 Mon 19:00 P5
Investigating the Interfacial Impedance Characteristics of
Composite Materials eJANNE MarTis Konig!?, FELIX
Scunugh2, Curistian HEmLiGerb2, and Janis K. EckaarpT!23 —
Hnstitute of Theoretical Physics, Justus-Liebig-University Giessen,
35392 Giessen, Germany — 2Center of Material Research (ZfM),
Justus-Liebig-University Giessen, 35392 Giessen, Germany
3Institute of Physical Chemistry, Justus-Liebig-University Giessen,
35392 Giessen, Germany

All-solid-state batteries (ASSBs) are a promising alternative to con-
ventional lithium-ion batteries, offering high energy and power densi-
ties, long-term stability, and fast-charging capability. Consequently,
significant effort is focused on identifying suitable materials. FElec-
trochemical impedance spectroscopy (EIS) is a key characterization
technique, but interpreting spectra from realistic composite systems
remains challenging. In this work, we investigate interfacial impedance
in simplified composite microstructures using a 3D electrical network
model. The simulations reveal that high charge-transfer resistances
lead to geometric constriction effects, producing an impedance signa-
ture that closely resembles a migration process or a charge-transfer
reaction. This constriction impedance is strongly influenced by the
composite microstructure. Furthermore, increased conductivity along
the interface introduces a characteristic deformation in the impedance
spectrum shape. Overall, these findings clarify the origin of interfacial
impedance features in composite materials and support more informed
interpretation of EIS measurements in ASSB research.

CPP 17.39 Mon 19:00 P5
Aluminium-Polymer Batteries as a viable Post-Lithium Tech-
nology — eOLIVER ScumipT! 2, AMIR MoHnAMMAD"?, SHUVRODEV
Biswasb2, MosTtarizaR RanMAaNY2, NaTHAN LEUBNER!Y'2, THOMAS
KouLErRD2, HARTMUT STOCKERDZ, and Dirk C. Mever!2 — 1TU
Bergakademie Freiberg, Institute of Experimental Physics, Leipziger
Str. 23, 09599 Freiberg — 2Zentrum fiir effiziente Hochtemperatur-
Stoffwandlung, Winklerstr. 5, 09599 Freiberg

One of the key challenges of the energy transition is the rising demand
for lithium. In the future, there will be a supply gap, even taking into
account recycling and the development of new mining areas. In addi-
tion to the limited availability, safety risks such as fire hazards make
lithium-ion batteries less suitable for the long-term requirements of the
energy transition.

Here, we present the aluminium-polymer battery as a novel technol-
ogy adressing these issues. Aluminium is the most abundant metal in
the Earth’s crust and therefore inexpensive. It is available in Europe
and is highly recyclable. The battery cells are free of toxic or critical
raw materials and eliminate the risk of fire.

Pouch cells consisting of a simple 3-layer setup have been developed:
aluminium anode, polymer electrolyte (consisting of AlCls, EtsNHCI
and PAN) and graphite cathode. Capacity, safety and recycling tests
show promising results. Remaining challenges are tackling the self-
discharge and scaling up the cell fabrication. The future goal is making
large-scale storage systems cost-effective, efficient and safe.

CPP 17.40 Mon 19:00 P5
Microstructure-Resolved Impedance Modeling of Cathode
Composite Electrodes for Solid-State Batteries — eMATTHIAS
Braun!2, FeLix Scuuc!-2, CurisTiaN HeLicer!2, and Janis K.
Eckuarpr!h2:3 — lnstitute for Theoretical Physics, Justus-Liebig-
University Giessen, Germany — 2Center for Materials Research (ZfM),
Justus-Liebig-University Giessen, Germany — 3Institute of Physical
Chemistry, Justus-Liebig-University Giessen, Germany

Solid-state batteries (SSBs) rely on composite cathodes whose com-
plex microstructures critically influence ionic and electronic transport.
Electrochemical impedance spectroscopy (EIS) is widely used to probe
these transport processes. The impedance behavior of mixed ionic
electronic conductors is commonly interpreted using transmission-line
models (TLMs). However, the extent to which composite microstruc-
ture governs impedance features and the validity of TLM-based inter-
pretations remains insufficiently understood. In this work, we employ
microstructure-resolved impedance simulations to investigate how key
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structural characteristics of cathode composites shape their impedance
response. We demonstrate that interface morphology and porosity sig-
nificantly modulate the spectra, giving rise to microstructure-specific
features that conventional TLMs fail to capture. In particular, geo-
metric current-constriction effects at the cathode active material/solid-
electrolyte interface emerge as dominant contributors to impedance be-
havior. These findings provide a deeper mechanistic understanding of
microstructure-induced impedance signatures and offer practical guid-
ance for interpreting EIS data in composite electrodes for SSBs.

CPP 17.41 Mon 19:00 P5
Optimization in Fabrication Process and Understanding the
Impact of Crystal Size and Growth in RbCsMAFA Per-
ovskite Solar Cells — eBasHUuDEV BHANDARI}'23, Sar Durca
Prasap Supanal:2) Cuikezie WiLLiams Ucokwe!?2, ULricH S
ScuuBeRT2, and HARALD HoprpE!'2 — 1Center for Energy and Envi-
ronmental Chemistry Jena (CEEC Jena), Friedrich-Schiller-University
Jena, Germany — 2Laboratory of Organic and Macromolecular Chem-
istry (IOMC Jena), Friedrich-Schiller- University Jena, Germany —
3Faculty of Physics and Astronomy, Friedrich-Schiller- University
Jena, Germany

Perovskite solar cells (PSCs) emerged as remarkable and promising
cutting-edge clean and green energy sources. Recent breakthroughs in
their performance attract researcher’s interest. Despite its promising
performance, degradation issues and defects are critical obstacles to
overcome. Our work explores different mechanisms to suppress defects
and improve stability via improved crystallization. We have systemati-
cally optimized different processing parameters such as annealing time,
antisolvent dropping time, hot casting, etc., and introduced additives
like different phosphonium salts and PEALI for passivation and seeding
for perovskite growth. Different Characterization and imaging tech-
niques illustrate improved crystalline and opto-electronic properties of
the perovskite film and solar cells.

CPP 17.42 Mon 19:00 P5
In Situ Investigation of Ag Sputter Deposition on a
Zwitterionic Polymer Film eGEORGIOS PanacgioTipis!,
CHRrisTOPH LINDENMEIR!, GracE Lreone2, Lixine Li!, Lyuvanc
Cuenc!, Doan Le!, Yureng Zuar®, KristTiaN ReEck?, BENEDIKT
SocHOR?, MATTHIAS SCHWARTZKORPF?, ANURAG KELOTH®, SARATH-
LAL VavaLiL3®, Topp EMrick?, THomas RusseLL?%, STEpHAN V.
RoTu37, and PETER MULLER-BUscuBauM! — 1TUM School of Nat-
ural Sciences, Chair for Functional Materials, Garching, Germany —
2UMass Ambherst, Massachusetts, United States — 3DESY, Hamburg
— “CAU, Kiel, Germany — 2UPES, Dehradun, India — SLBNL,
Berkeley — "KTH, Stockholm, Sweden

While organic electronic devices mainly use organic or organic-
inorganic hybrid materials, many electrodes still rely on pure metals
due to their unparalleled electrical conductivity. Thus, the polymer-
metal interface is crucial to device performance. Studies have demon-
strated the use of ultrathin metal electrodes for (semi)transparent or-
ganic solar cells, and the quality of the interface influences the forma-
tion of structural defects, which can increase resistance and the likeli-
hood of a short circuit. These metal contacts are typically deposited
through lab-scale methods such as thermal evaporation, while indus-
trial manufacturing prefers large-scale sputter deposition. Moreover,
zwitterionic polymers can reduce the work function of metals and serve
as interlayers in inverted organic solar cells. Therefore, understanding
the growth behavior of sputtered silver on zwitterionic polymer sur-
faces is critical.

CPP 17.43 Mon 19:00 P5
Probing the Distribution of Residual Stresses in Thin
Polymer Films Using Mechanochromic Molecular Springs
— eM=eirul Ful, RapuaeL Herrer?, BenNcE Daika®, MICHAEL
WALTER?, MICHAEL SoMMERZ2, and GUNTER REITER! — lInstitute
of Physics, University of Freiburg, Germany — 2Institute for Chem-
istry, Chemnitz University of Technology, Germany — 3FIT Freiburg,
University of Freiburg, Germany

Polymer thin films prepared rapidly from solution by spin coating of-
ten retain residual stresses originating on a molecular level. However,
typically these stresses are probed on a macroscopic level, yielding
spatially averaged responses, but do not resolve forces acting on indi-
vidual chains. Here, we employed mechanochromophores, covalently
integrated along the backbone of a glassy polymer, as optical reporters
whose emission response varies continuously with the applied force.
By combining optical microscopy and spectroscopy, we were able to
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measure the sum of the forces acting on individual chains with high
spatial resolution. In particular, we investigated the distribution of
forces acting on non-equilibrated polymer chains. Samples prepared
under different spin coating conditions exhibited systematic variations
in the emission spectra, which reflect differences in the distribution of
the sum of forces acting on individual chains. We distinguish contri-
butions from polymers experiencing low and high forces, respectively,
which exhibited opposite trends with preparation conditions. We ten-
tatively relate the heterogeneity of the acting forces to differences in
conformation of the non-equilibrated polymer chains.

CPP 17.44 Mon 19:00 P5
Real Time Spectroscopy of Plasmonic Core-Shell Microgels
during Compression at Air/Water Interfaces — eMATTHIAS
Karc and DEBorAaH FELLER — Martin Luther University Halle-
Wittenberg, Halle, Germany

Plasmon resonance coupling is strongly distance-dependent. In con-
trast to near-field coupling of plasmonic nanoparticles in close prox-
imity, periodic superstructures support plasmonic-diffractive coupling.
The resulting surface lattice resonances are interesting for their narrow
linewidth and sensitivity to refractive index environment and lattice
periodicity. Typically studied periodic arrays are (solid) substrate-
supported and thus structurally fixed unless elastic substrates are used.
Seeking an alternative approach, we demonstrate the large dynamic
control of periodic plasmonic lattices using soft and deformable core-
shell microgels self-assembled at air/water interfaces. Using microgels
with gold cores and sufficiently thick microgel shells, we realized peri-
odic monolayers where the periodicity can be controlled by compression
using a Langmuir trough. The implementation of an extinction spec-
trometer setup was used to probe the optical response of the monolayer
in situ during continuous reduction of the available area, in real time.
We monitor plasmon resonance coupling with a never before reported
stepsize in interparticle spacing by following peak position, width and
intensity. The observed spectral changes support recent findings that
confined microgel monolayers at fluid interfaces show a continuous re-
duction in spacing when uniaxially compressed opposed to the cluster
formation that is observed after drying on solid substrates.

CPP 17.45 Mon 19:00 P5
In-situ FTIR spectroscopy on organic semiconductor electric
double-layer transistors — eMAaRrvIN ScHmIDT!, Pusui WaNG?2,
Jun Takeva?3, and MarRTIN DreEsseL! — 11. Physikalisches Insti-
tut, Universitit Stuttgart, Germany — 2Graduate School of Frontier
Sciences, The University of Tokyo, Kashiwa, Japan — 3Research Cen-
ter for Materials Nanoarchitectonics, National Institute for Materials
Science, Tsukuba, Japan

The field of organic electronics is ever-growing due to the enormous
range of unique properties and possible applications exhibited by or-
ganic molecules. Electric double-layer transistors (EDLTS) consist-
ing of the organic semiconductor 3,11-dinonyldinaphthol2,3-d:2’,3’-
d’|benzo|1,2-b:4,5-b’|dithiophene (C9-DNBDT-NW) have recently at-
tracted attention because they are highly processable and, thus, allow
for the fabrication of large-scale single-crystal transistors with excellent
crystallinity and high mobility. Furthermore, Hall effect measurements
indicate the emergence of a metallic phase with strong correlations
upon doping.

Here, we performed, for the first time, in-situ Fourier-transform in-
frared spectroscopy on EDLTs composed of Co-DNBDT-NW single
crystals for different sheet conductivities and temperatures down to
6K in the mid and far infrared regions. Our results give insights into
how thermal fluctuations are suppressed with decreasing temperature
and increasing electrostatic doping concentration, which manifests it-
self in the behavior of the displaced Drude peak.

CPP 17.46 Mon 19:00 P5
Measurement of photon antibunching of organic molecules by
substrate scanning — eJANNE OskAR BECKER, ROBERT SCHMIDT,
STEFFEN MICHAELIS DE VASCONCELLOS, and RUDOLF BRATSCHITSCH
— Institute of Physics, University of Miinster

Single-molecule photoluminescence spectroscopy is often performed in
solution, with molecules drifting in and out of a stationary focus. To
immobilize single molecules, they are typically diluted in a solvent
and spin-coated on a substrate. However, bleaching processes lead
to decreasing photoluminescence count rates when illuminating iso-
lated single-molecules over time, making photon antibunching mea-
surements extremely challenging. To circumvent this, we measure
multiple molecules sequentially by spatially scanning the spin-coated
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surface and accumulating photons of multiple single-molecules. In that
way, we are able to measure photon antibunching Si/SiO2 substrate.

CPP 17.47 Mon 19:00 P5
Large-Area Semiconducting 2D Imine-COF Polymer Films
on Dielectric Glass for Electronic Applications — eDiksHA
SrrvasTaval, VipIN Misara2, SHowkar H. MIr3, JyoTIRBAN DEY!,
JavanT K. Sineu!, MANABENDRA CHANDRA!, and THIRUVANCHERIL
G. GoprakuMar! — Indian Institute of Technology Kanpur, Kanpur
208016, India — 2Vellore Institute of Technology, Vellore, Tamil Nadu
632014, India — 3University of Kashmir, Hazratbal, Srinagar 190006,
Jammu and Kashmir, India

Two-dimensional imine-based covalent organic frameworks (2D COFs)
are a growing class of crystalline m-conjugated organic polymers with
strong potential in thin-film electronics and optoelectronics. We
present a scalable and reproducible strategy for producing 2D imine-
COF-based polymer thin films through a quasi-equilibrium Schiff-
base reaction between p-phenylenediamine (PDA) and benzene-1,3,5-
tricarboxaldehyde (TCA). This method enables the growth of large-
area polymer films (up to 2 cm) on dielectric substrates with controlled
thickness. SEM, TEM, and AFM confirmed the layered and crystalline
morphology of the films. Optical absorption and scattering measure-
ments revealed a semiconducting band gap consistent with the DFT-
calculated band structures, indicating the presence of delocalized states
suitable for charge transport. To probe intrinsic electrical behaviour,
COF polymer films were integrated into Ag/COF/Glass devices. The
I-V curves revealed semiconducting behaviour with low current den-
sity and field-assisted conduction limited by electrode-COF injection
barriers.

CPP 17.48 Mon 19:00 P5
Designing functional polymer surfaces by initiated chemical
vapor deposition — eSTEFAN SCHRODER, LYNN SCHWAKE, TOBIAS
GiEz, THOMAS STRUNSKUS, FrRANZ FAUPEL, and TAYEBEH AMERI —
Kiel University, Kiel, Germany

Polymer thin films and organic surfaces have attracted significant in-
terest across diverse application areas, ranging from wearable elec-
tronics to biomedicine and encapsulation. The demand for new func-
tional surfaces, combined with ongoing device miniaturization, requires
defect-free nanoscale polymer films with precise control over thickness
and chemistry. Chemical vapor deposition (CVD) of polymer surfaces
addresses these challenges by eliminating the dewetting and surface
tension effects commonly encountered in conventional solution-based
thin film fabrication. In particular, initiated chemical vapor depo-
sition (iCVD) enables the fabrication of conformal polymer coatings
with nanoscale precision on large-area substrates as well as on complex
geometries. Moreover, iCVD allows for room-temperature deposition
on delicate substrates, including flexible organic materials, copy paper,
and biomedical patches. This contribution presents the fundamentals
of the iCVD process and highlights selected application examples.

CPP 17.49 Mon 19:00 P5
Controlling Surface Wetting through Light- and Electric-
Fields — eBILLURA SHAKHAYEVA!, Bas TER BEErsT?, FRIEDER
MuceLE?, and BiorN BraunscuwEiic! — University of Miinster,
Institute of Physical Chemistry, Germany — 2University of Twente,

Physics of Complex Fluids

Electro-dewetting (EDeW) enables reversible control of surface wet-
tability using ionic surfactants. Using dodecyl tetraethyl ammonium
bromide (DTAB) as a cationic surfactant, previous studies achieved a
change in the apparent contact angle (CA) of up to 30°. We used vi-
brational sum-frequency generation (SFG) spectroscopy and ellipsom-
etry to probe the molecular structure close to the three-phase contact
line under initial and EDeW conditions. Using 0.15 mM DTAB we
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observed the largest changes in contact angle and observed spreading
of surfactant even at larger distances from the contact line. Further,
we extended this approach from DTAB to photoswitchable arylazopy-
razole triethylammonium bromide (AAP-TB) surfactants. AAP-TB
can undergo E/Z photoisomerization and allows to change the sur-
face activity through the choice of the configurational isomer with the
Z being less surface active compared to the E. We demonstrate that
EDeW with AAP-TB surfactants is possible similar to DTAB, but with
a smaller maximum change in contact of about 13° once a potential of
+3 V is applied. In addition, photo-isomerization of AAP-TB allows
to further finetune the CA reversibly by about 4°.

CPP 17.50 Mon 19:00 P35
Dynamic wetting of mixed rod-sphere suspensions and its
relation to the suspension rheology — eREzA AZIZMALAYERI
and GUNTER AUERNHAMMER — Leibniz-Institut fiir Polymerforschung
Dresden e. V.

In this study, we examine dynamic wetting of mixed rod-sphere sus-
pensions near the advancing contact line. We compare pure spherical
suspensions with 98:2 sphere-rod mixtures. Using a pinned droplet and
moving substrate geometry on an inverted microscope, we achieve a
locally stable contact line. Astigmatism Particle Tracking Velocimetry
(APTV) measures the trajectories of tracer particles within the refrac-
tive index-matched suspension. Pinch-off experiments conducted via
the Dripping-onto-Substrate (DoS) method provide Protorheology in-
sights into shear and extensional viscosities. We analyse rod dynamics
and orientation as they approach the advancing contact line, interact
with the substrate, and re-enter the bulk suspension. In purely spheri-
cal suspensions, tracer trajectories near the advancing contact line de-
viate significantly from hydrodynamic model predictions. Conversely,
mixed rod-sphere suspensions exhibit minimal deviations. Rod inclu-
sion reduces effective viscosity during pinch-off, promoting deformation
and thread thinning. This effect is amplified by rod-induced polydis-
persity and the disruption of spherical contact structures, weakening
resistance to flow and altering rheology. Visualizations reveal that rods
align parallel to the contact line, then rotate 90 degrees to align with
the substrate.

CPP 17.51 Mon 19:00 P35
Statics and dynamics of drops on liquid infused surfaces —
HoSSEIN ABDOLNEZHAD!, eMARTIN BRINKMANN2, RALF SEEMANNZ,
and CiRo SEMPREBON! — IDepartment of Mathematics, Physics
and Electrical Engineering, Northumbria University, Newcastle, UK
— 2Zentrum fiir Biophysik, Universitéit des Saarlandes, Saarbriicken,

Germany

Slippery liquid-infused porous surfaces (SLIPS), inspired by the slip-
pery properties of the Nepenthes pitcher plant, have been introduced
to increase the mobility of wetting drops by minimizing the liquid-
solid contact. Preparation of these surfaces involves infusing a lubri-
cating liquid into a porous or textured surface, creating a thin liquid
layer on top of the surface resulting in high drop mobility as well as
unique properties such as anti-corrosion, self-cleaning, heat transfer en-
hancing, anti-fouling and anti-icing, water harvesting properties with
a broad potential for application in industry.

The complex relationship between lubricant properties and retention
mechanisms in liquid-infused surface, particularly the role of the lubri-
cation ridge forming around the drop causing depletion of the lubricant
over time brings up the questions of whether the lubricant ridge can
be effectively controlled as well as whether there is an optimal size in
relation to the volume of the drop sliding over liquid-infused surface.
Recent experiments elucidate the role of the lubricant ridge in the
dynamics of drops on liquid-infused surfaces, and led to the develop-
ment of a theoretical understanding of the experimental observations
combining finite-element and analytical modeling approaches.



Dresden 2026 — CPP

Tuesday

CPP 18: Active Matter Ill (joint session BP/CPP /DY)

Time: Tuesday 9:30-12:45

CPP 18.1 Tue 9:30 BAR/SCHO
inertia-driven re-entrant coil-Globule transition of active ring
polymers — eSuniL P Singu!, Roranp G WINKLER?, RAKESH
Pavrariyal, and ArRiNDAM Panpal — lIndian Institute of Science Ed-
ucation and Research Bhopal, India — 2Theoretical Physics of Living
Matter, Institute for Advanced Simulation, Forschungszentrum Jiilich,

52425 Germany

The role of inertia in the collective dynamics of active systems has
been a subject of increasing interest in recent studies. The present
study investigates the inertial effects on active agents. We present
the conformational and dynamical characteristics of an active Brow-
nian ring polymer using Langevin dynamics simulations. We show
that a long active ring polymer shrinks into globular-like structures
even in the absence of attractive interactions. This transition becomes
sharper and the structures more compressed as the reduced moment
of inertia of the monomers increases, particularly in the intermediate
range of activity. We demonstrate that the ring polymer undergoes a
coil-globule-coil transition, which is modulated by both activity and
rotational inertia. The coil-to-globule transition is mapped in the in-
ertial parameter space (J-M) using the radius of gyration. Additional
physical quantities, including bond-bond correlations, scaling behav-
ior in the compressed state, monomer contact probability, geometric
distances, coordination number, and effective temperature, further elu-
cidate the physical mechanism driving the collapse. Finally, we show
that the effective diffusivity of the ring polymer increases with the
reduced moment of inertia as Dp ~ v/J.

CPP 182 Tue 9:45 BAR/SCHO
Shape selectivity by complex buckling dynamics in poroe-
lastic active gels — oKiINJAL DasBiswas!, SuBHAvA Bose!, ARNAB
Rovy!, MicHAEL VENNETTILLI', and ANNE BERNHEIM? — ! University
of California, Merced, USA — ?Ben Gurion University, Israel

Shape change in animal cells is prototypically driven by active forces,
generated by myosin molecular motors bound to the actin cytoskele-
ton. Inspired by experiments on disc-shaped extracts of crosslinked
actomyosin gels, we aim to show how a family of 3D shapes can arise
from buckling caused by non-uniform active stresses. Although syn-
thesized with identical composition of actin, myosin and the crossliker
fascin, these gels contract and buckle into different shapes depend-
ing on the initial aspect ratio of the disc: thinner gels tend to wrin-
kle, while thicker gels tend to form domes. By incorporating active
stresses, actin alignment, and stress-dependent myosin binding kinet-
ics into a 2D poroelastic gel model, we qualitatively capture trends
in gel contraction dynamics observed from quantitative particle image
velocimetry (PIV). Next, we carry out numeric simulations of a geo-
metric elastic model for thin sheets to obtain 3D buckled shapes from
the strain rates predicted by the poroelastic model. Our results show
that the coupling of elasticity to solvent flow, motor binding and fiber
alignment play an important role in shape changes in living matter.
Our studies have implications for shape changes during tissue morpho-
genesis and cell migration.

CPP 18.3 Tue 10:00 BAR/SCHO
The energy cost to build a spindle — eDoNGLIANG ZHANG!,
XiNngBo Yanc?, Jan Brucugs?1:3:4 and Frank JUricHerb3?4 —
IMax Planck Institute for the Physics of Complex Systems, Dresden,
Germany — ?Max Planck Institute of Molecular Cell Biology and Ge-
netics, Dresden, Germany — 2Center for Systems Biology Dresden,
Dresden, Germany — *Physics of Life, Cluster of Excellence, TU Dres-
den, Dresden, Germany

Spindle is a structure actively build from microtubules (MTs), and
plays an important role for chromosome segregation during cell cycle.
It’s observed in experiments that the spindle size and shape depends
on the cell level metabolic rate. In this work, we developed a minimal
model that captures the active, energy-consuming processes such as
MT turnover and active stress generation, which shows the energy cost
for spindle mass maintenance and spindle-shape formation. We show
that a spindle can be self-organized through these active processes.
We aim to predict how the size and shape of the spindle depends on
the energy input, and explain relative experimental phenomena, e.g.
spindle shrinkage when the metabolism level is reduced.
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CPP 18.4 Tue 10:15 BAR/SCHO
Cytoskeletal oscillations drive large-scale flows and nuclear
organization in early embryonic systems. e[LARA KOEHLER,
ELiSSAVET SANDALTZOPOULOU, and JAN BRUGUES — Physics Of Life,
TU Dresden

Synchronization drives early embryonic development, enabling simul-
taneous cell divisions and the spatial organization of nuclei within the
embryo. In organisms such as Xenopus, Drosophila, and zebrafish, mi-
totic waves coordinate cell cycles across distances that exceed diffusion
limits, guided by a chemical oscillator. At the same time, global cy-
toplasmic flows in these syncytial tissues contribute to the large-scale
self-organization of nuclei, yet the coupling between biochemical sig-
naling and cytoskeletal mechanics that underlies these directed flows
remains poorly understood. Here, we relax the geometric constraints
of the embryo and investigate nuclear dynamics in Xenopus egg ex-
tracts and complementary simulations. We show that the periodic
polymerization and depolymerization of microtubule asters are suffi-
cient to generate robust large-scale directed flows, even though the
asters are intrinsically isotropic. Furthermore, we demonstrate that
cell division stabilizes short-range order in a global synchronized sys-
tem. Together, these findings reveal a minimal physical mechanism
by which cytoskeletal dynamics and biochemical oscillations jointly
organize flows and patterns, with implications for understanding the
emergent principles that shape early development across species.

CPP 18.5 Tue 10:30 BAR/SCHO
Geometric control of cell migration in disordered porous me-
dia — eLAESCHKIR WURTHNER! and FREDERIK GRAW?2 — 1European
Molecular Biology Laboratory, Heidelberg, Germany — 2Friedrich-
Alexander-Universitat Erlangen-Niirnberg and Universitatsklinikum
Erlangen, Erlangen, Germany

Cell migration is a dynamic process that plays a central role in devel-
opment, wound healing, and immune responses. Active cell movement
is controlled by several biochemical and mechanical cues, including
chemokine gradients and the mechanical properties of the extracel-
lular matrix (ECM). Although the biochemical pathways underlying
directed cell motion are increasingly well understood, the influence of
the porous structure of the ECM on active cell motion remains largely
unexplored. Using a combination of computational modeling and the-
ory, we investigate how active cells move through 3D disordered porous
environments. We show that cell migration in disordered porous me-
dia can be understood as a generalized random walk among "traps”,
with the effective diffusivity determined by the geometry of the mi-
croenvironment. A key implication of our work is that spatial hetero-
geneities in porosity effectively direct cell motion, revealing a guidance
mechanism that we refer to as porotaxis. Overall, our work connects
geometry with cell motility and underscores the microenvironment as
a key regulator of cell migration.

CPP 18.6 Tue 10:45 BAR/SCHO
Motility-induced mixing transition in exponentially growing
multicellular spheroids — eTorBEN SUNKEL!:2, Lukas Hupel2,
and PuiLip Brrtiun'2 — 'MPI for Dynamics and Self-Organization,
Gottingen, Germany — 2Institute for the Dynamics of Complex Sys-
tems, University of Géttingen, Germany

Growth drives cellular dynamics in various dense aggregates, but its
effects on other relevant activities have only received limited attention.
Here, we investigate the interplay of unconstrained growth, steric re-
pulsion and motility in a minimal agent-based model of exponentially
growing, three-dimensional spheroids. Our results reveal a diverging
mixing time scale at a critical motility threshold, below which mixing of
cells is completely suppressed. Above the threshold, large-scale mixing
is enabled. Using an effective phenomenological model parameterized
from full simulations, we identify two fundamental mechanisms gov-
erning this transition: On the cell scale, weak motility-induced active
motion is locally suppressed by growth-induced steric repulsion, con-
sistent with an Active Brownian Particle type description of single-cell
dynamics. Beyond this, the expanding nature of the system inhibits
global mixing purely geometrically by limiting the exploration range
of diffusive cell motion. Both mechanisms naturally scale with the
growth rate, highlighting the nature of the transition as an interplay
between proliferation and motility. The results provide a baseline for
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identifying additional biological mechanisms in experiments and could
be relevant for competition, heterogeneous tumor evolution and other
manifestations of motile proliferating active matter.

15 min. break

CPP 18.7 Tue 11:15 BAR/SCHO
Fluctuation-Response Theory of Non-Equilibrium Complex
Fluids — eRvora Takaki! and Frank JoricHer!?3 — IMax
Planck Institute for the Physics of Complex Systems, Dresden, Ger-
many — 2Center for Systems Biology Dresden, Dresden, Germany —
3Cluster of Excellence Physics of Life, TU Dresden, Dresden, Germany

Active soft materials such as cytoplasm and tissues are constantly
driven by chemical reactions and often retain long-lived mechani-
cal memory. In this work, we develop a generalized hydrodynamic
framework applicable to non-equilibrium fluids with memory at fi-
nite wavevectors and frequencies. Our approach is based on exact
correlation-function identities, leading to a fluctuation-response rela-
tion for steady states, including non-equilibrium. Applying the the-
ory to chemically driven active fluids, we uncover Active Viscoelastic
Memory, in which reaction cycles dynamically renormalize the viscous
response and can generate negative storage moduli at finite frequency,
absent in conventional viscoelastic materials. Our results provide a
first-principles basis for modeling memory-dependent dynamics in a
broad class of biological and synthetic active systems, and suggest
concrete rheological signatures of chemical driving that can be tested
experimentally.

CPP 18.8 Tue 11:30 BAR/SCHO
Chemically Active Liquid Bridges Generate Repulsive Forces
— oNoaH ZIETHEN — DAMTP, University of Cambridge, UK

Intracellular droplets help organize cells by compartmentalizing
biomolecules and mediating mechanical interactions. @~When such
droplets bridge two structures, they generate capillary forces that de-
pend on the surface properties and the separation between the struc-
tures. While the forces exerted by passive liquid bridges are well under-
stood, the impact of active chemical reactions, ubiquitous in biological
condensates, remains unclear.

Here, we investigate a single liquid bridge with continuous chemical
turnover, in which the production and degradation of droplet material
maintain a non-equilibrium steady state. In this active bridge, the
reactions dynamically set the bridge radius, thereby controlling the
force-distance relation. In striking contrast to passive systems, we find
that activity can generate purely repulsive forces over a broad range
of separations. These results show that chemical activity can qualita-
tively alter capillary forces generated by liquid bridges, suggesting a
potential route for cells to actively regulate mechanical coupling via
droplets.

CPP 18.9 Tue 11:45 BAR/SCHO
Shared Laws of Pattern Formation in Reaction-Diffusion
and Phase Separation — eDanNiEL Zuou! and ErwiN Frey!2 —
LArnold Sommerfeld Center for Theoretical Physics — 2Max Planck
School Matter to Life

Many nonlinear field theories generate a strikingly similar repertoire
of patterns: arrested coarsening, traveling waves, and spatiotempo-
ral chaos appear both in phase-separating systems and in classical
reaction-diffusion models. These descriptions have different physical
origins, yet recent studies on Turing mixtures and foams in protein sys-
tems [1] and on chemotaxis-driven phase separation in cell populations
[2] have already highlighted unexpected connections between these os-
tensibly different mechanisms, linking foam-like, phase-separating, and
reaction-diffusion-type patterns. The present work revisits the rela-
tion between kinetic and phase-separating descriptions from a more
general viewpoint. A unifying perspective is developed that places
different modeling frameworks on comparable footing, identifies the
conditions under which they yield effectively equivalent patterns, and
suggests how stability criteria and design principles can be translated
between them. This points toward a more systematic classification of
pattern-forming dynamics that cuts across traditional divides between
reaction-diffusion, chemotactic, and phase-separating systems.
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[1] H. Weyer et. al, Deciphering the Interface Laws of Turing Mix-
tures and Foams, arXiv:2409.20070 (2024).

[2] H. Weyer et. al, Chemotaxis-Induced Phase Separation, Physical
Review Letters 135, 208402 (2025).

CPP 18.10 Tue 12:00 BAR/SCHO
Spatial self-organization of enzymes in complex reaction net-
works — eVINCENT OuazaN-ReBouLb2, RAMIN GOLESTANIANZ:S,
and JAIME Acupo-CanNaLejo?* — ILPTMS, CNRS, Université
Paris-Sud, 91400, Orsay, France — 2Max Planck Institute for Dy-
namics and Self-Organization, Am Fassberg 17, D-37077, G&ttingen,
Germany — SRudolf Peierls Centre for Theoretical Physics, Univer-
sity of Oxford, OX1 3PU, Oxford, UK — 4Department of Physics and
Astronomy, University College London, WC1E 6BT, London, UK

Living systems contain intricate biochemical networks whose structure
is closely related to their function and allows them to exhibit robust
behavior in the presence of external stimuli. Such networks typically
involve catalytic enzymes, which can have non-trivial transport prop-
erties, in particular chemotaxis-like directed motion along gradients
of substrates and products. Here, we find that taking into account
enzyme chemotaxis in models of catalyzed reaction networks can lead
to their spatial self-organization in a process similar to biomolecular
condensate formation. We develop a general theory for arbitrary reac-
tion networks, and systematically study all closed unimolecular reac-
tion networks involving up to six chemicals. Importantly, we find that
network-wide propagation of concentration perturbations can be key
to enabling self-organization, in a manner which is highly sensitive on
the global network structure.

CPP 18.11 Tue 12:15 BAR/SCHO
Spatial organisation of the cell’s metabolic power plant
via phase separation — eKATHRIN S. LAxHUBER!? and FRaNK
JoriceErb2 — Max Planck Institute for the Physics of Complex
Systems, Dresden, Germany — 2Max Planck School Matter to Life

Cell metabolism is the power plant that fuels the active processes essen-
tial to life. Recent experimental results show that glycolytic enzymes,
central to sugar metabolism, phase-separate to form foci under ener-
getic stress and can localise to sites of demand. To understand this
phenomenon, we build and study a minimal theoretical model. We
show that droplet formation can act as a metabolic switch that enables
the system to maintain energetic homeostasis at higher output power.
Notably, the metabolic droplets that emerge from this switch can self-
organise to colocalise with demand. We discuss the non-equilibrium
features and spatial energetic profiles in this system.

CPP 18.12 Tue 12:30 BAR/SCHO
Emergent interactions lead to collective frustration in
robotic matter — eONURCAN BekTas!'3, ApoLro ALsINAZ3, and
STEFFEN Ruranpsh® — 1 Arnold-Sommerfeld-Center for Theoretical
Physics and Center for NanoSciences, Ludwig-Maximilians-Universitat
Miinchen, Theresienstr. 37, 80333 Miinchen, Germany — 2GISC, Uni-
versidad Rey Juan Carlos, Tulipan, 28933, Mostoles, Spain — 3Max-
Planck-Institute for the Physics of Complex Systems, Noethnitzer Str.
38, 01187 Dresden, Germany

Current artificial intelligence systems show near-human-level capabili-
ties when deployed in isolation. Systems with intelligent agents are de-
ployed to perform tasks collectively. This raises the question of whether
robotic matter, where many learning and intelligent agents interact,
shows emergence of collective behaviour. And if so, what kind of phe-
nomena would such systems exhibit? Here, we study a paradigmatic
model for robotic matter: a system composed of a large collection of
stochastic interacting particles where each particle is endowed with a
deep neural network that optimizes its transitions based on the parti-
cles’ environments. For a 1D model, robotic matter exhibits complex
phenomena arising from emergent interactions, including transitions
between long-lived learning regimes, the emergence of particle species,
and frustration. We also find an abrupt, density-dependent change in
the behaviour of particles. Using active matter theory, we show that
this phenomenon is a reflection of a phase transition with signatures
of criticality. Our model captures key phenomena observed in more
complex forms of robotic systems.
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CPP 19: Focus Session: Water — from Atmosphere to Space | (joint session CPP /DY)

Water plays a vital role in diverse Earth processes across multiple scales, from atmospheric cycles and
aerosol chemistry to geological porous media and nanoscale biological functions of hydrated proteins.
Despite its fundamental importance and numerous anomalous properties, such as the diverging heat
capacity of supercooled water, pure bulk water remains poorly understood. Key phenomena like evap-
oration and crystallization are relevant not only on Earth but also in extraterrestrial environments.
In Germany, molecular water research is flourishing across prestigious centers, exemplified by the new
BlueMat cluster at Hamburg University of Technology, the renewed RESOLV cluster at Ruhr-University
Bochum, and the Max Planck Society’s expanding Liquid Initiative in Mainz. The 2025 inauguration
of the Centre for Molecular Water Science (CMWS) at Hamburg’s DESY campus further strengthens
a Europe-wide interdisciplinary network, uniting 47 founding members from 12 countries to advance
water science across disciplines and methods. Within this focus session the state of molecular water
research shall be discussed and interactions between the physical sub-fields shall be fostered.

Organized by Alexander Schlaich, Katrin Amann-Winkel, Mischa Bonn.

Time: Tuesday 9:30-11:00

Topical Talk CPP 19.1 Tue 9:30 ZEU/LICH
Surface adsorption and protonation equilibrium of atmo-
spheric organics at the aqueous surface — eNgNNE PRISLE
— Center for Molecular Water Science, Deutsches Elektronen-
Synchrotron DESY, Notkestrasse 85, D-22607 Hamburg, Germany —
Institute of Inorganic and Applied Chemistry, University of Hamburg,
Martin-Luther-King-Platz 6, D-20146 Hamburg, Germany — Center
for Atmospheric Research, University of Oulu, P.O. Box 4500, FI-
90014, Oulu, Finland

Atmospheric aerosols comprise a significant fraction of organic species
which frequently exhibit both surface activity and Bronsted acidity or
basicity in aqueous solutions. The high surface area to bulk volume
ratios of nano- and microscopic aerosols and droplets further favor
surface-specific states, affecting both bulk-phase and heterogeneous
chemistry.

We used X-ray Photoelectron Spectroscopy (XPS) in combination
with high-brilliance synchrotron radiation to directly observe the pro-
tonation state of atmospheric acids and bases at the surfaces of aqueous
aerosol and droplet models. We found that for each acid-base pair, the
neutral species is enhanced in the surface, consistent with its higher
surface activity, compared to the charged conjugate. This introduces
a shift in the protonation equilibrium at the aqueous surface corre-
sponding to an apparent change in pKa of 1-2 pH units, depending on
the concentration, acidity, and surface activity of the conjugate acidic
and basic species.

CPP 19.2 Tue 10:00 ZEU/LICH
The Effect of pH on the Structure of Model Sea Spray Aerosol
Surfaces — eCrLara M. Saak, Lars HOHNER, and ELLeNn H.G.
Backus — Institute of Physical Chemistry, Faculty of Chemistry, Uni-
versity of Vienna, Wahringer Strafie 42, 1090 Vienna, Austria

Aerosols play a key role in the global climate due to their ability to
scatter and reflect solar radiation and to act as cloud condensation
nuclei (CCN), exerting a pronounced cooling influence on the global
climate. In particular, the surface availability of ions and organic com-
pounds is known to affect the hygroscopicity of the particle and thereby
its ability to act as a CCN [1]. While the surface propensity of indi-
vidual compounds has been studied widely, much less is known about
more complex systems. Here we focus on the impact of bulk pH on
the architecture of mixed aqueous interfaces. In atmospheric systems
the pH has been shown to range from roughly pH 8 to 2 [2]. Us-
ing sum-frequency-generation (SFG) spectroscopy in conjunction with
surface tension data we study the surface composition and structure
of short and long chain organic acids at different protonation stages,
obtained by varying the pH. Using this approach, we find pronounced
changes in the structuring of the aqueous sub-surface layers depending
on the specific composition and pH, and in the Gibbs free energy of
adsorption of the studied organics. Our results show that it is feasible
for subtle environmental changes to considerably affect structure and
composition of the aqueous interface, which is known to play a key role
in aerosol hygroscopicity. [1] Zieger, Nat. Commun. 2017, 8, 15883.
[2] Angle, PNAS, 2021, 118, 2, €2018397118

CPP 19.3 Tue 10:15 ZEU/LICH

Crystallization behaviour of nanoparticle suspensions —

37

Location: ZEU/LICH

oIsABELL Zick!2, Epuarp EpEeL?, and KATRIN AMANN-WINKEL!:2

— Mnstitut fiir Physik, Johannes Gutenberg-Universitit, Staudinger
Weg 7, 55128 Mainz, Germany — 2Max-Planck-Institut fiir Polymer-
forschung, Ackermannweg 10, 55128 Mainz, Germany

Water is one of the most abundant substances in the world and due
to this in close contact with many materials including micro- and
nanoplastic particles. Those have been detected not only in sea but
also in the atmosphere, where the particles can interact with water and
act as cloud condensation nuclei or ice-nucleating particles. Emerging
evidence suggests that nanoparticles with increased surface roughness
or chemical functionalities may promote heterogeneous ice nucleation
through different processes like, e.g., contact- and immersion-freezing.
Such a behaviour affects cloud properties with significant implications
for Earth*s radiative balance and the hydrological cycle.

We investigate atmospherically relevant nanoparticles dispersed in
water to investigate their influence on the ice crystallization. Our
experiments include calorimetry (DSC) as well as X-ray diffraction
measurements (XRD). Our measurements show that the crystalliza-
tion temperature depends on the particle size, concentration, and the
chemical surface of the particles. Using XRD, we investigate the re-
structuring of the water molecules during supercooling, observed by
a shift in the characteristic main diffraction peak of water and the
subsequent crystallization process.

CPP 19.4 Tue 10:30 ZEU/LICH
Laser-Excited X-ray Reflectivity of Aqueous SrCl2 at the
Air-Water Interface — eAL1 Asutiant Aspit2, Juria KoBush2,
SvenJa C. HoveLMannb2| PuiLipp JorDpT!2, NicoLas Havenb:2,
PrasuanT Hrrasar'2, Asay Asav!2, Rasia Qamar'2, OTTo
LippmManND2, CueN SHEN3, FLORIAN BerTRAM®, and BRIDGET
M. Murpuy!?2 — 1IEAP, CAU Kiel University, Kiel, Germany
— 2Ruprecht Haensel Laboratory, DESY, Hamburg, Germany —
3Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany

Understanding aqueous interfaces is essential for describing chemi-
cal processes in atmospheric, marine, and geochemical environments.
While monovalent salts have been widely studied, the interfacial be-
havior of divalent ions is less understood, despite their relevance in
seawater aerosols and reactive brines. SrCl2 is a representative di-
valent electrolyte whose interfacial structure may show alteration by
laser illumination.

We investigate aqueous SrCl2 solutions at different concentrations
using X-ray reflectivity (XRR) at the liquid-air interface. Measure-
ments were performed at the LISA setup at beamline P08, PETRA III
(DESY), where controlled laser illumination can be applied directly to
the X-ray footprint, following the instrumentation concept of Warias
and Hovelmann et al. (J. Synchrotron Rad. 2024). Reflectivity curves
were recorded with and without laser exposure. The data demon-
strate the suitability of SrCl2 surfaces for laser-assisted XRR and the
sensitivity of the method to potential changes in interfacial structure,
including indications of near-surface layering.

CPP 19.5 Tue 10:45 ZEU/LICH
Monitoring Uptake, Release and Reaction of Gases at the

Liquid-Vapor Interface — oTILLMANN BUTTERSACK!, SHIRIN
BERND

Guorami', CLEMENS RICHTER!, DANIELA ToRREs-Diaz!,
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WINTER!, PavEL JUNGWIRTH2, STEPHEN BRADFORTH®, MARKUS

AmMmann?, Rura SigNorReLL®, Ivan Grapice®, Remi Dupuy?,
PuiLiP Mason2, and HENDRik Bruam! — 1Fritz Haber Institute,
Max Planck Society, Berlin, GER — 2I0CB, Czech Academy of Sci-
ences, Prague, CZ — 3University of Southern California, Los Angeles,
USA — 4Paul Scherrer Institut, Villigen, CH — SEZH Ziirich, CH —
SUniversity of Urbino, Urbino, I — 7Sorbonne Université, Paris, F

2

Multiphase reactions are omnipresent in nature, industrial applica-
tions. The direct observation of reactions at the liquid-vapor interface
requires spectroscopic techniques that are surface specific and chemi-
cally sensitive to detect low concentrations, e.g., photoelectron spec-

troscopy (XPS). Furthermore, the sample delivery method must allow
sufficient time for an interface reaction to proceed. These complex
challenges require individual approaches for each system of interest.
One example for a multiphase process is the reaction between liquid
alkali metal and water vapor, which is extremely fast. We used a slow
droplet train of NaK in a wet atmosphere and observed the formation
of golden aqueous solutions with metallic properties with XPS. An ex-
ample with relevance for atmospheric chemistry is the formation and
the release of sulfur dioxide (SO2) from aqueous sulfite solutions due
to acidification. We demonstrated that dissolved gases can be detected
with XPS even though their concentration is only about 1 mM.

CPP 20: Complex Fluids and Soft Matter (joint session DY /CPP)

Time: Tuesday 9:30-12:45

CPP 20.1 Tue 9:30 ZEU/0160
Process-Directed Self-Assembly of Copolymer Blends:
Micro- and Macrophase Separation — eJiayu XiE and MARcUS
MULLER — Institute for Theoretical Physics, Georg August University
Gottingen, 37077 Gottingen, Germany

The equilibrium phase behavior of binary diblock copolymer blends
involves a complex interplay between microphase and macrophase sep-
aration. We investigate blends of linear diblock copolymers, A1B;
(cylinder-forming) and A2Bg2 (cylinder- or lamella-forming), using a
combination of self-consistent field theory (SCFT) and single-chain-in-
mean-field (SCMF) simulations. When the chain-length asymmetry
between the A1B; and AsBg copolymers becomes large, the equilib-
rium phase diagram exhibits a wide macrophase-separation channel.
Strikingly, our simulations reveal a strong pathway dependence within
this region: rapid quenching yields a spatially homogeneous struc-
ture with narrow cylinder-size distributions and strong hexagonal or-
der, whereas gradual annealing promotes local demixing, resulting in
bimodal domain sizes and weaker order. We demonstrate that this
process-dependent nonequilibrium behavior can be explained by the
distinct evolutions of the system state and free-energy landscape of
the blends under quenching or annealing. These findings highlight how
different processing conditions can direct nanostructure formation in
block copolymer blends, and establish a mechanistic link between pro-
cessing pathway and the final morphology, thus offering insights into
rational design of targeted nanostructured materials.

CPP 20.2 Tue 9:45 ZEU/0160
Topological defect engineering enables size and shape control
in self- assembly — Lara KoeHLERD3, MARKUS EDER?, VINCENT
Ouzan-ReBouL3, CHrisTOPH KARFUSEHR?, ANDREY ZELENSKIYS,
PIERRE RONCERAY?, FRIEDRICH SIMMEL2, and eMARTIN LENZ3 —
IMIPPKS, Dresden, Germany — 2TU Munich, Germany — 3U. Paris-
Saclay, Orsay, France — 4Aix-Marseille-Université, Marseille, France

Equilibrium self-assembly is a powerful way to build nano- and mi-
croscale structures out of interacting subunits. The size and shape
of such structures must be controlled in many biological and tech-
nological functions, posing significant practical challenges as current
strategies require multiple subunit types or the precise control of their
shape and mechanics. Here we introduce an alternative approach that
circumvents these obstacles. Our method uses subunits whose inter-
actions promote crystals, but also favor crystalline defects. We show
theoretically that the magnitude of these interactions, which is well
controlled in experiments, governs the self-assembly through topolog-
ical restrictions on the scope of the defects. Using DNA origami, we
demonstrate both size and shape control in two-dimensional disk- and
fiber-like assemblies. Our basic concept of defect engineering oper-
ates well beyond these examples, and provides a broadly applicable
framework to control self-assembly.

CPP 20.3 Tue 10:00 ZEU/0160
Soft colloidal monolayers under drying conditions — eKai
Luca SpanuEIMER!, MARET IckLER?, JuLian RiINGLING3, NicoLas
VogeL?, Martuias Kara?, and HarrmuT LOwen! — lInsitut fiir
Theoretische Physik II, Heinrich-Heine-Universitat, 40225 Diisseldorf,
Germany — 2Institute of Interfaces and Particle Technology, Friedrich-
Alexander University, Erlangen, Germany — 3Physikalische Chemie I:
Kolloide und Nanooptik Heinrich-Heine-Universitat, 40225 Diisseldorf,
Germany — 4Institut fiir Chemie, Martin-Luther-Universitit Halle-
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Wittenberg, 06099 Halle, Germany

Langmuir-Blodgett deposition is a well established technique in re-
search and industry. Even though, there still are effects in this pro-
cess that are not yet explored from a theoretical standpoint. It is
usually assumed that the deposited pattern is identical with the one
appearing at the water-air interface. In recent experimental studies,
strong reorganization during the drying of soft colloidal monolayers has
been observed [1]. Capillary forces during drying are known to change
nanoscopic structures, sometimes even leading to their destruction. To
model these processes we propose a combination of overdamped parti-
cle dynamics coupled to dewetting dynamics of an evaporating liquid
film. The patterns produced by this model fit those observed in ex-
periment. This theoretical approach allows exploration of the drying
dynamics. Thereby we gain new insights into the drying process and
makes experimental results produced with Langmuir-Blodgett deposi-
tion more reliable.
[1] K. Kuk, et al: Adv. Sci., 11, 2406977 (2024).

CPP 20.4 Tue 10:15 ZEU/0160
Mechanical assessment of microfluidically-generated poroe-
lastic microgel particles AUDE SAGNIMORTE!2, ANKE
LINDNER?, and eJosauA McGraw! — !Gulliver-CNRS, ESPCI-PSL,
10 rue Vaquelin, 75005 Paris — 2PMMH-CNRS, ESPCI-PSL, 10 rue

Vaquelin, 75005 Paris

Soft microgels have numerous applications in diverse fields,such as
tissue engineering, drug delivery systems, soft robotics, or as model
systems for suspensions or colloids. Among these, photopolymerized
hydrogels such as poly(ethylene glycol) diacrylate (PEGDA) are com-
monly used due to their highly tunable mechanical properties. How-
ever, proper characterisation of these properties is challenging, in part
due to their small scale, on the order of tens of microns, and in partic-
ular the lack of assessment of their time-dependent properties. Here
we provide a comprehensive mechanical characterisation of individual
photopolymerised microgels particles using atomic force microscopy
(AFM) for precise local measurements. In particular, we performed
indentation-relaxation tests on PEGDA microdisks immersed in wa-
ter. By varying indentation depth and probe diameter, we changed
the contact area and observed relaxation responses which are indicative
of poroelastic behaviour. In particular, larger contact areas resulted
in longer relaxation times. Our results also show that increasing the
amount of solvent increased the relaxation time. Our collected results
are consistent with a simple, Herzian poroelastic model giving good
agreement with both the approach and relaxation phases of the exper-
iments.

CPP 20.5 Tue 10:30 ZEU/0160
Nonlinear Viscoelastic Response and Stress Shielding
in Driven Bistable Spring Chains — eSven ParrtLocu!:?
and Joacnmm DzusieLLa'?2 — 1Applied Theoretical Physics-
Computational Physics, Physikalisches Institut, Albert-Ludwigs-
Universitit Freiburg, D-79104 Freiburg, Germany. — 2Cluster of
Excellence livMatSQFIT-Freiburg Center for Interactive Materials
and Bioinspired Technologies, Albert-Ludwigs-Universitat Freiburg,
D-79110 Freiburg, Germany

Bistable micromodules are a promising route to design adaptive me-
chanical metamaterials with tunable viscoelastic response. Here, a
driven one-dimensional chain of bistable springs is studied in which
both the mechanical deformation and the internal excitation states
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evolve dynamically under time-dependent forcing. Their coupling
produces rich nonlinear viscoelastic behaviour, including frequency-
dependent susceptibilities, delayed deformation, and pronounced hys-
teresis in cyclic loading.

Using analytical linear response theory complemented by numeri-
cal simulations, the model quantifies how microscopic parameters and
driving protocols control effective stiffness, loss, and phase lags. A key
result is a strong attenuation (‘shielding’) of stress propagation along
the chain that is already present for monostable springs but is markedly
amplified by excitation switching in bistable modules. These findings
provide simple design principles for tailoring nonlinear viscoelasticity,
hysteresis, and stress shielding in driven soft matter and mechanical
metamaterial systems.

CPP 20.6 Tue 10:45 ZEU/0160
Euler buckling on curved surfaces — eSHIHENG ZHAOM23 and
Pierre A. Haas':2:3 — 1Max Planck Institute for the Physics of
Complex Systems — 2Max Planck Institute of Molecular Cell Biology
and Genetics — 3Center for Systems Biology Dresden

Nearly three hundred years ago, Euler showed that an inextensible
straight elastic line in the plane buckles under compression when the
compressive force F' reaches a critical value Fx > 0. But how does
such an elastic line buckle within a general curved surface? Here [1],
we reveal that the classical instability changes fundamentally: By
weakly nonlinear analysis of the buckling of an asymptotically short
elastic line, we show that the critical force for the lowest buckling
mode is Fix = 0 and discover a new bifurcation structure in which the
modes of classical Euler buckling split into pairs. For long elastic lines,
we numerically find an additional bifurcation by which the second of
these new modes becomes the lowest mode and show that, at suffi-
ciently large F', they undergo discontinuous snap-through to higher
end-to-end compression. We explain these bifurcations in terms of the
general unfolding of a pitchfork. This constitutes the foundations for
a class of mechanical instabilities within curved surfaces from which,
for example, biological shape emerges in development.

[1] S. Zhao and P. A. Haas, Phys. Rev. Lett. (in press)

15 min. break

CPP 20.7 Tue 11:15 ZEU/0160
Linking molecular dynamics and experimental FORCs in
multicore magnetic nanoparticles EKATERINA Novak!,
eMaLIikA KHELFALLAHZ, ANDREY KUzNETSOV?, DENIZ MOSTARAC?,
CraRE CarvaLrLo?, AmELIE Junin?, and Soria KaNTorovich®
— lEkaterinburg, Russia — 2Sorbonne Université, Paris, France —
3University of Vienna, Vienna, Austria — 4University of Edinburgh,
Edinburgh, United Kingdom

Multicore magnetic nanoparticles - clusters of several magnetic grains
embedded in a nonmagnetic matrix - exhibit collective behaviour dis-
tinct from single-core particles and are promising candidates fro drug
targeting and magnetic hyperthermia. Their magnetic cores possess fi-
nite anisotropy, and the multicore assemblies range from near-spherical
to elongated ellipsoids, features that strongly affect their response to
external fields. To study these effects, we use molecular dynamics
simulations [1] to model internal structure, anisotropy distribution,
and collective switching. As a key diagnostic, we employ First Or-
der Reversal Curves [2], which experimentalists routinely measure for
immobilised multicore particles, enabling direct comparison between
simulations and experiments. FORC diagrams reveal coercivity dis-
tributions and magnetic interactions between grains, offering detailed
insight into interaction mechanisms and domain processes.

The work was financially supported by the RSF grant No. 25-22-
00762.

[1] R. Weeber et al. (2024), Comprehensive Computational Chem-
istry, 3, 578-601. [2] C. R. Pike et al., J. Appl. Phys., 1999, 85, 6660

CPP 20.8 Tue 11:30 ZEU/0160
Hydrodynamics substantially affects induced structure for-
mation in magnetic fluids — eHENNING REINKEN and ANDREAS
M. MENzEL — Otto-von-Guericke-Universitdt Magdeburg, Germany

Magnetorheological fluids consist of micrometer-sized magnetic par-
ticles suspended in a carrier liquid [1]. Sufficiently strong external
magnetic fields lead to the formation of string-like particle aggregates,
which results in complex magnetorheological behavior. This mech-
anism can further be used in the production of magnetic elastomers
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during the polymerization process when the carrier medium is still fluid
and particulate structure formation still possible [2]. Using numerical
simulations that spatially resolve both fluid flows and magnetization,
we demonstrate that hydrodynamic interactions play a substantial role
during structure formation. Hydrodynamics supports the emergence
of string-like aggregates, while magnetic interactions align them. Con-
sidering besides this fundamental insight the enormous technical im-
portance and potential of magnetic fluids, our results are substantial
also from an application perspective.

We acknowledge support by the German Research Foundation DFG
through Research Unit FOR 5599 on structured magnetic elastomers.
[1] S. Odenbach, Arch. Appl. Mech. 86, 269 (2016).

[2] D. Giinther, D. Yu Borin, S. Giinther, S. Odenbach, Smart Mater.
Struct. 21, 015005 (2012).

CPP 20.9 Tue 11:45 ZEU/0160

Near-surface colloidal dynamics in jammed and slipping
microgel suspensions eMASOODAH 1 FREDERICK

GUNNY",
CAETANO?, MATILDE BUREAU?, ALEXANDRE VILQUIN', MARIE LE
MERRER?, CATHERINE BARENTINZ, and JosHua McGraw!
LGulliver - CNRS, ESPCI-PSL 10 Rue Vauquelin 75005 Paris, France
— 2ILM - CNRS, Claude Bernard University, 16 Enrico Fermi 69100

Villeurbanne, France

Jammed suspensions of soft microgel particles exhibit wall slip along
smooth boundaries. The direct observation of dynamics within a sup-
posed depletion layer near the wall were difficult to achieve as a result
of the layers’ supposed sub-micrometric dimensions. We use total in-
ternal reflection fluorescence microscopy (TIRFM) to observe colloidal-
particle dynamics near the interface between glass and microgel sus-
pensions. Remarkably, microgel suspensions display nanoscale velocity
profiles with a slope rupture; particle velocity increases with distance
near the wall, and tends to a constant beyond a distance which is char-
acteristic of the ones predicted previously. Beyond velocimetry, we
also study the statistical particle altitude distributions near the wall
in TIRFM measurements. These distributions are strongly pressure
dependent, with nanoparticles more likely found near the solid /liquid
interface when the fluid is transported faster near the wall. This high-
velocity particle enrichment, not seen for the Newtonian case, is consis-
tent with the development of a depletion layer under such conditions.
Taken together, our observations give strong support for the existence
of a depletion layer being responsible for wall slip.

CPP 20.10 Tue 12:00 ZEU/0160
Random close packing as a conserved directed percolation
transition — eTHOMAS AXMANN and MICHAEL SCHMIEDEBERG —
Theoretical Physics: Lab for Emergent Phenomena, Soft Matter The-
ory Group, Friedrich-Alexander-Universitat Erlangen-Nirnberg, 91058
Erlangen, Germany

In studying quenches in soft sphere systems O’Hern et al. related the
onset of overlaps to isostaticity [1], and consequently to the random
close packing scenario. The conditions that lead to the avoidance of
overlaps between spheres can be studied with the random organization
model [2], which was initially introduced to investigate self organiza-
tion in sheared colloids. Modifications of this model, which dynami-
cally reduce interparticle overlaps, were used to characterize the ran-
dom close packing problem as the critical point of a dynamic absorbing
state transition in the d+ 1 dimensional conserved directed percolation
universality [3,4].

We aim to deepen the understanding of this connection by demon-
strating that the configuration change at each time step can be chosen
with a fully deterministic strategy while retaining the features of the
transition. We clarify difficulties in the treatment of percolating clus-
ters and find that the median overlap depth proves to be a more useful
order parameter.

[1] O’Hern et al. PRE 68 (2003)
[2] Corté et al. Nat. Phys. 4 (2008)
[3] Milz et al. PRE 88 (2013)

[4] Wilken et al. PRE 128 (2021)

CPP 20.11 Tue 12:15 ZEU/0160
Rescaled mode-coupling scheme for dynamics in binary mix-
tures of highly charged colloids — eDaNIEL WEIDIG and JoACHIM
WaGNER — University of Rostock, Rostock, Germany

We investigate dynamic processes in binary mixtures of highly
charged colloidal particles by means of Brownian dynamics and multi-
component mode-coupling theory (MCT). As input for MCT, thermo-
dynamically consistent, static structure factors from integral equations
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with Rogers-Young closure are used which are in quantitative agree-
ment to Fourier transforms of static pair correlation functions resulting
from simulations.

MCT based on partial structure factors in many-particle systems pre-
dicts dynamic properties such as long-time self-diffusion coefficients in
qualitative agreement to simulation trajectories. Using instead struc-
ture factors from systems with slightly reduced number of effective
charges as input, a quantitative agreement of MCT with simulations
is achieved. In mixtures of identically charged particles with different
short-time mobilities, this rescaled MCT scheme accurately predicts
coupling effects in long-time dynamics observed in Brownian dynam-
ics simulations.

CPP 20.12 Tue 12:30 ZEU/0160
Electric double layers - the software package capDFT — Fa-
BIENNE DRESSLER and e ANDREAS HARTEL — Institute of Physics,
University of Freiburg

Electric Double Layers are used to store electric energy, they can be
utilized to harvest energy from waste heat or steps in concentrations,

and they stabilize colloidal systems. In all cases, mobile ions arrange
themselves to screen surface charges, resulting in sometimes densely
packed regions of microscopic particles far from bulk states that domi-
nate the macroscopic physical properties of the system. Modeling these
complex systems has theoretical and numerical limitations, but good
although expensive solutions exist. We present an open-source software
package to treat the described modeling utilizing classical density func-
tional theory [1]. The package has been used successfully in studies
of underscreening [2] and allows to go beyond the standard mean-field
approximation of primitive models [3]. We will demonstrate the pack-
age by discussing an example, where we study capacities of structured
electrodes.

[1] https://github.com/andreashaertel /capdft

[2] Anomalous Underscreening in the Restricted Primitive Model.
A. Hartel, M. Biiltmann, and F. Coupette. Phys. Rev. Lett. 130,
108202 (2023)

[3] The primitive model in classical density functional theory: be-
yond the standard mean-field approximation. M. Biiltmann and A.
Hirtel. J. Phys. Condens. Matter 34, 235101 (2022)

CPP 21: French-German Session: Simulation Methods and Modeling of Soft Matter IlI

Time: Tuesday 9:30-11:15

Invited Talk CPP 21.1 Tue 9:30 ZEU/0255
Mbolecular modelling of gas solubility and free volume trends
in Si-functionalized ionic liquids — eKATERYNA GoLovIZNINALZ,
Epuarps Bakis3, Inks C. M. Vaz24, AciLio Pabua2, and MaR-
cARIDA Costa GoMEs?2 — 1ICSM, University of Montpellier, CEA,
CNRS, ENSCM, 30207 Bagnols-sur-Ceze, France — 2Laboratoire de
Chimie, ENS de Lyon and CNRS, 46 allée d’Italie, 69364 Lyon, France.
— 3Faculty of Chemistry, University of Latvia, Jelgavas 1, Riga, LV-
1004, Latvia. — *CICECO, Aveiro Institute of Materials, Department
of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal

Molecular dynamics (MD) simulation is a powerful technique that pro-
vides insight into the nanoscale structure and transport properties of
liquids in bulk and at interfaces, explaining experimentally observed
phenomena and contributing to the rational design. In the present
work, we explored Si-functionalized imidazolium-based ionic liquids—
low-density, low-viscosity systems—that are promising for gas capture
and separation due to their enhanced free volume. [1] Using classical
MD simulations with the CL&Pol polarizable force field, [2] we pro-
posed a way to estimate free-volume trends and solubilities of simple
gases (e.g., argon) without the need to perform costly experiments.
The work was further extended to unsaturated Cg hydrocarbons, for
which we rationalized solubility trends via local structural analysis
and estimated the contributions of van der Waals, electrostatic, and
polarization terms to the solvation free energy.

[1] E. Bakis et al. Chem. Sci. 2022, 23, 9062.

[2] Goloviznina et al. J. Chem. Theory Comput. 2019, 15, 5858.

CPP 21.2 Tue 10:00 ZEU/0255
Classical DFT compared to AFM measurement of struc-
tural forces from confined electrolyte containing charged
nanoparticles — eSiMoNE Rival, MicHaEL Lupwic?, REGINE
voN Krrizing?, and OFErR MANOR! — !Technion, Haifa, Israel —
2Technische Universitit Darmstadt, Darmstadt, Germany

We use classical density functional theory (DFT) to model colloidal-
probe atomic force microscopy (AFM) force curves across an aqueous
electrolyte containing charged solid nanoparticles. The charged AFM
probe and substrate interact through a suspension of silica nanoparti-
cles. The probe experiences oscillatory forces driven by the structuring
of the charged nanoparticles, which can enhance the stability of the
film. Structural forces are characterized by an alternation of repulsion
due to steric and electrostatic nanoparticle interactions, and depletion
attraction. We present a self-consistent theory of oscillatory forces
in ionic systems. Moreover, we compare different DFT approaches
and validate them against AFM measurements, to develop a theory
that best fits the rich physics of experiments. We calculate structural
and EDL forces by minimizing dedicated functionals. We adopt two
types of weighted density functionals, disclosing their applicability in
different concentration conditions. We propose a way to include elec-
trostatic interactions between nanoparticles in an effective hard-sphere
functional. We further confirm a general scaling law of the oscillation
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wavelength observed in experiments and connect it to nanoparticle
packing structures. The theory agrees well with measurement in the
absence of fitting parameters. Riva et al., JCIS 2026, 702, 138901.

CPP 21.3 Tue 10:15 ZEU/0255
Sc-cDFT: A Single-Chain Simulation Framework with Clas-
sical Density Functional Theory for Polymers — eRaJjuU
Lunkap!, ALEJANDRO GALLEGOs?, JianzHong Wu3, and MARcus
MULLER! — lInstitute for Theoretical Physics, Georg-August Uni-
versity, 37077 Gottingen, Germany — 2Department of Chemical and
Materials Engineering, New Mexico State University, Las Cruces, New
Mexico 88001, United State of America — 3Department of Chemical
and Environmental Engineering, University of California, Riverside,
CA, United States of America

We present Sc-cDFT, a combination of Single-Chain Simulation with
classical Density-Functional Theory (¢cDFT), for modeling polymer so-
lutions and brushes. In this approach, intramolecular correlations are
explicitly treated using Monte-Carlo (MC) simulations, while inter-
molecular correlations are extracted from cDFT. In this way, we cap-
ture structural properties and thermodynamics of multi-chain systems
while providing a segment-level description of the dynamic behavior.
Importantly, this framework substantially reduces computational cost,
enabling the simulation of significantly longer polymer chains that
are often inaccessible to fully explicit particle-based simulations. We
validate the Sc-cDFT framework for hard-sphere polymer solutions
and brushes by comparing polymer configurations and the segmental
density profiles with fully explicit particle-based simulations, showing
quantitative agreement.

CPP 21.4 Tue 10:30 ZEU/0255
Adsorption Thermodynamics and Kinetics of Complex Flu-
ids: Physical Modeling of Surface Saturation, Reservoir
Depletion, Lateral Interactions, and Collective Effects —
eNapA BEN AmorD2, DaNiELA BAUER!, BENJAMIN BRACONNIER!,
and BEnoiTr CoasneZ? — 1IFP Energies nouvelles, 92852 Rueil-
Malmaison, France — 2Université Grenoble Alpes, CNRS, LIPhy, F-
38000 Grenoble, France — 3Institut Laue Langevin, F-38042 Grenoble,
France

Adsorption at solid surfaces is considered a promising technique to
capture and remove emerging pollutants such as PFAS from water.
However, a major gap in the literature remains in modeling complex
adsorption mechanisms. Three key factors were identified for modeling
adsorption thermodynamics and kinetics: surface saturation, reservoir
depletion, and lateral interactions. While the first is captured by the
celebrated Langmuir model, reservoir depletion, which is crucial for
assessing adsorption in batch and dynamic experiments, is often ne-
glected in classical kinetic models. Lateral interactions are also impor-
tant for pollutants like PFAS as they undergo cooperative adsorption.
A 2D lattice gas model with two- and three-body lateral interactions
is solved using mean-field and quasi-chemical approximations. The re-
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sulting thermodynamics lead to a phase diagram predicting complex
adsorption isotherms in agreement with available experiments as well
as a first-order dilute to dense phase transition. A mixed-order kinetic
model including all three factors is proposed and both thermodynamic
and kinetic models are successfully applied to experimental data.

CPP 21.5 Tue 10:45 ZEU/0255
Molecular Dynamics Insights into Thermodynamic and
Structural Properties of Water Adsorbed Poly(Heptazine
Imide) Zeolites — eYousser MaBROUK!, AKSHEY SURESHZ, YI1ZAK
Tzecazab?, Linent Ni2, MaRTIN OscHaTz?, ALEXANDER CRroOY!,
and STEFANIE GRAFE! — 1Friedrich Schiller University of Jena, Insi-
tute of Physical Chemistry, Lessingstrafte 4, 07743 Jena, Germany —
2Friedrich Schiller University of Jena, Institute for Technical Chem-
istry and Environmental Chemistry, Philosophenweg 7a, 7743 Jena,
Germany

The recently reported reversible water adsorption of porous layered
carbon nitrogen frameworks suggests their high potential as functional
materials for energy storage and conversion applications specifically in
view of the controlled crystallinity and polarity and water binding
motifs these frameworks offer. Based on molecular dynamics sim-
ulations of pressure-controlled solid/gas equilibrium isotherms, the
framework structure-dependent adsorption of water in poly(heptazine
imides) is here investigated. Using minimal motifs of heptazine sheets
in pressure-controlled water vapor environments, the load-dependent
transition from monomolecular to condensation-limited adsorption is
furthermore investigated. The hydrophilicity characterized by the
isotherms agree with physiosorption experiments. The layer planarity
and pore geometry-dependent crystallinity characterized by the struc-
ture factor and normal modes agree with x-ray diffraction and infrared

spectroscopy experiments. Overall, our results contribute to identify-
ing the relevance of each structural motif to adsorption.

CPP 21.6 Tue 11:00 ZEU/0255
Insights into phenylalanine self-assembly and its modula-
tion by nucleotides from molecular dynamics simulations. —
oeMATTIA BORRIELLO — Ruhr-Universitdt Bochum

Phenylalanine (Phe) can aggregate in water into various fibrillar struc-
tures, which is relevant to diseases like phenylketonuria. The precise
molecular structure of these aggregates is still unknown, and although
they dissolve in the presence of nucleotides such as ATP, the mech-
anism behind this disassembly remains unclear. We use molecular
dynamics simulations to gain new insights on Phe cluster structure,
understand which interactions drive this process and how nucleotides
can modulate it.

Parallel tempering simulations of Phe in water in zwitterionic form
have been performed varying concentration and temperature. Analy-
sis of the trajectories revealed a strong tendency to aggregate in two
ordered structures. One is characterized by a tubular shape, while the
other by an alternating motif. Cluster stabilization is mainly electro-
static for smaller aggregates, while apolar interactions become signifi-
cant as the size of the clusters grows.

The same computational approach has been extended to systems
containing Phe and NaCl or different nucleotides, such as ATP, ADP
and AMP. While NaCl showed a limited influence on aggregation, nu-
cleotides can inhibit cluster formation and disrupt pre-existing aggre-
gates. Our findings provide molecular-level insight into both the struc-
tural organization of Phe assemblies and into the mechanisms through
which nucleotides modulate their stability.

CPP 22: Hybrid, Organic and Perovskite Optoelectronics and Photovoltaics |

Time: Tuesday 9:30-11:15

Invited Talk CPP 22.1 Tue 9:30 ZEU/0260
From Solution to Thin Films: Structure Formation Pathways
in Organic Photovoltaic Films — eEva M. HErziG — Dynamik-
und Strukturbildung - Herzig Group, University of Bayreuth, Germany

The performance of organic solar cells is governed by a delicate in-
terplay between molecular packing, phase separation, and mesoscale
connectivity in donor-acceptor blends. It is therefore highly desirable
to control structure formation; however, this remains a non-trivial task.
Several factors contribute simultaneously: the initial aggregation state
in solution [1,2], the rapid structure formation during solution process-
ing [2], and subsequent temperature- or solvent-annealing steps [3,4].
In this talk, I will discuss and illustrate with selected examples at
which of these stages the final thin-film morphology can be controlled.

Using time-resolved and multimodal characterization methods, in-
cluding grazing-incidence X-ray scattering and optical spectroscopy,
we resolve the evolving structures during and after film deposition.
These measurements reveal how subtle variations in processing condi-
tions translate into distinct nanoscale morphologies.

[1] F. Eller & E. M. Herzig, J. Phys. Chem.
10.1021/acs.jpca.4c04902

[2] F. Eller, R. Hildner, R. W. A. Havenith & E. M. Herzig, Small
2023, DOI: 10.1002/smll.202207537

[3] F. Eller, C. R. McNeill & E. M. Herzig, Adv. Energy Mater.
2024, DOI: 10.1002/aenm.202304455

[4] M. Kuhn, X. Huang, M. Gebert, L. Thomsen, C. R. McNeill & E.
M. Herzig, Adv. Funct. Mater. 2025, DOI: 10.1002/adfm.202509532

A 2024, DOL

CPP 22.2 Tue 10:00 ZEU/0260
DBTTF:HATCN Cocrystals — experimental details on influ-
ence of crystal solvents on crystal structure and on charge
transfer — e ANDREAs OPITz!, ANA M. VALENCIAZ, LisA SCHRAUT-
Mavy3, MARIE SIEGERT®, SEBASTIAN HaMMER?, BeaTRICE CuLa?,
ALEXANDRA FRiepricH?, HoLGeEr HELTEN®, JENs Prraum®, and
CATERINA CocHI® — lInstitut fiir Physik, Humboldt-Universitét zu
Berlin — ?Institute of Physics, Carl-von-Ossietzky Universitdt Old-
enburg — 3Experimental Physics VI, Julius-Maximilians-Universitit
Wiirzburg — *Department of Chemistry, Humboldt-Universitit zu
Berlin — ®Institute of Inorganic Chemistry & Institute for Sustainable
Chemistry and Catalysis with Boron, Julius-Maximilians-Universitat
Wiirzburg — SInstitute of Condensed Matter Theory and Optics,
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Friedrich-Schiller-Universitat Jena

Donor-acceptor (D:A) cocrystals offer a promising platform for next-
generation optoelectronic applications, but the impact of residual sol-
vent molecules on their properties remains an open question. We inves-
tigate six novel D:A cocrystals of dibenzotetrathiafulvalene (DBTTF)
and 1,4,5,8,9,11-hexaazatriphenylenehexacarbonitrile (HATCN), pre-
pared via solvent evaporation, yielding 1:1 molar D:A ratios with sol-
vent molecules in the structure, and horizontal vapor deposition, re-
sulting in solvent-free 3:2 cocrystals. Optical properties of these mate-
rials are largely unaffected by solvent inclusion. The vibrational energy
of the cyano mode depends on the dipole moment of the incorporated
solvent molecules, but the degree of charge transfer is consistent across
all analyzed cocrystals.

CPP 22.3 Tue 10:15 ZEU/0260
Reassessing Mobility Imbalance in Organic Photodetectors
for High-Speed Applications — eFELIx HERGENHAN, TIANYI
ZHANG, KARL LEOo, and JoOHANNES BENDUHN — Dresden Integrated
Center for Applied Physics and Photonic Materials (IAPP) and Insti-
tute of Applied Physics, Technische Universitiat Dresden

Organic photodetectors (OPDs) are emerging candidates for diverse
optoelectronic applications, yet their use in high-speed technologies
such as optical communication remains largely believed to be restricted
by low effective charge carrier mobilities. To address this challenge,
we investigated how the transient behavior of OPDs depends on the
mobilities of the respective charge carriers. This relationship is exam-
ined through drift-diffusion simulations and experiments across various
material systems, under varied bias and illumination conditions. We
show, contrary to common assumptions, that obtaining only one fast
charge carrier mobility is sufficient to achieve high response speed.
Likewise, in systems with pronounced mobility imbalance, the slower
carriers do not necessarily govern the maximum operation speed of the
device. Leveraging these insights, we demonstrate an OPD tailored for
optical communication that achieves data transmission rates up to 170
Mbps, representing one of the highest reported transmission rates for
organic-based optical communication systems. These findings estab-
lish a refined design framework for ultrafast OPDs, providing guidance
on material selection, device design, and operation regimes.

CPP 22.4 Tue 10:30 ZEU/0260
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Rational Design of Donor-Acceptor Oligomers for Enhanced
Charge Separation — eJanNik THEILE!, MicHELE GUERRINIZ,
SURENDER KuMAaR?2, and CATERINA CoccHI?2 — 1Physics Department
and Center for Nanoscale Dynamics, Carl von Ossietzky Universitéat
Oldenburg, Germany — 2Physics Department for Solid-State Physics
and Optics, Friedrich-Schiller Universitiat Jena, Germany

Intramolecular charge transfer (ICT) in donor-acceptor (D-A)
oligomers is central to organic optoelectronics, yet symmetric D-A-
D and A-D-A systems often suffer from delocalized frontier molecu-
lar orbitals (FMOs) that hinder efficient photoinduced charge sepa-
ration. To address this, we present a first-principles study based on
(time-dependent) density functional theory of 22 dithieno|[3,2-b:2’,3’-
d]pyrrole oligomers, exploring the interplay between structural asym-
metry and site-selective fluorination. Donor fluorination widens the
electronic gap, while acceptor fluorination enhances charge imbalance
and promotes confinement and spatial segregation of FMOs onto dis-
tinct molecular segments. The resulting optical properties reveal asym-
metric, acceptor-fluorinated systems as optimal for ICT due to strong
charge-transfer excitations with large oscillator strengths in the visi-
ble region. This work establishes rational design rules for conjugated
D-A oligomers, showing that combining asymmetry with targeted halo-
genation is key to achieving robust, directional ICT and enabling high-
performance organic semiconductors.

CPP 22,5 Tue 10:45 ZEU/0260
Substituted Benzo|b]fluorenes as Emitters for OLED With
Tunable Electroluminescence in the Full Visible Range —
ePascaL ScHwEITzER!, CHRISTOPHER M. LEONHARDT?, CAZIBE
ArsLan!, HERMANN A. WEGNER?, and DERCK SCHLETTWEIN! —
I Justus-Liebig-Universitat GieRen, Institut fiir Angewandte Physik,
Heinrich-Buff-Ring 16, D-35392 Giefien — 2Justus-Liebig-Universitit
Gieflen, Institut fiir Organische Chemie, Heinrich-Buff-Ring 17, D-
35392 Giefien

Organic light emitting diodes (OLED), despite widespread applica-
tion in displays, still exhibit major challenges. The search for stable
and efficient emitting molecules continues, especially in the blue range.
Substituted benzo|b|fluorenes (BF) show high stability of photolumi-
nescence in solution over months. By exchanging the substitutional

pattern, we show that this group of molecules allows for preparation
of OLED with tunable emission bands in the full range of the visible
spectrum. Thin films of BF can be prepared by solution-based meth-
ods or physical vapor deposition, allowing for easy integration into
different layer stacks. Photoluminescence spectroscopy of showcase
BFs revealed a multi-band emission that is found in line with electro-
luminescence spectra of the corresponding devices. Contact formation
at relevant device interfaces was studied by in-situ Kelvin-probe force
microscopy and gave insight into details of film growth and alignment
of transport levels. Based on these findings we demonstrate working
OLED devices with intense blue or red emission, respectively.

CPP 22.6 Tue 11:00 ZEU/0260
Electrically switchable chiroptical responses in organic fer-
roelectric thin films — eLoreNz FRIEDRICH MEIER!, SopHIA
KLUuBERTZ!, VIicTorR RoODRIGUEZZ, MIGUEL GARcia-IGLESIASZ,
Davib GonNzALEz-RopriGUEz3, and MARTIIN KEMERINK!
1Heidelberg University, Germany — 2Universidad de Cantabria, Spain

— 3Universidad Auténoma de Madrid, Spain

Organic ferroelectrics potentially allow to introduce switchable po-
larization into an easily processable material, enabling their integra-
tion into next-generation electronic devices. We investigate a liquid-
crystalline organic ferroelectric that additionally can exhibit electri-
cally controlled chiroptical responses, relevant for optical data storage,
photonic components, and chiroptical sensing. We investigate thin
films of trialkylbenzene-1,3,5-tricarboxamide (BTA). These molecules
self-assemble into supramolecular columns by forming a triple helix
of dipoles connected via hydrogen bonds. By incorporating chirally-
biased sidechains, the handedness of the supramolecular helix can be
defined. We experimentally show ferroelectric behavior in both in-
plane and out-of-plane geometries by double wave and CV measure-
ments. We demonstrate how the unpractically high coercive fields for
pure chiral BTA can be reduced by mixing with achiral BTA. Previous
simulations show that the energetically preferred mechanism of polar-
ization reversal of a supramolecular column will simultaneously change
its chirality. Thus, an electrically switchable chirality is possible. We
present an experimental investigation of this mechanism, discussing
the challenges including the need for dipole pre-alignment.

CPP 23: Focus Session: Water — from Atmosphere to Space Il (joint session CPP /DY)

Time: Tuesday 11:15-12:45

CPP 23.1 Tue 11:15 ZEU/LICH
Microscopic diffusion and reactivity in aqueous solu-
tions: photogenerated nascent halogen atoms, solvated
electrons and subsequent dihalide formation — eZHANGATAY
Nurekevyev!:2, HyeiN Hwanc!:2, FErNaNDO RoODRIGUEzZ Diaz!,
Mer Bar®, MicHAEL THORWART?, MICHAELA ScHAFER?, CARMEN
HerrMANN?, and CHRISTIAN BrREssLER!'2:® — 1Inst. of Exp. Physics,
Universitit Hamburg — 2The Hamburg Centre of Ultrafast Imaging
(CUT) — 31. Inst. of Theor. Physics, Universitit Hamburg — *Dept
of Chemistry, Universitit Hamburg — 5European XFEL, Schenefeld

The solvent plays an important role in the assembly, stability and
reactivity of (bio)chemical molecules. Small changes of the caging sol-
vent can alter the reaction outcome, but little is known about the
atomic-scale solvation shell dynamics. Our approach utilizes aque-
ous mono-atomic halide solutes, which are transformed into nascent
neutral halogen atoms upon femtosecond optical excitation together
with a separated solvated electron. Combining X-ray absorption with
transient optical absorption spectroscopies we monitor the subsequent
diffusion-driven atom-electron recombination, each focusing on the
halogen atom and on the solvated electron, respectively. We also mon-
itor the appearance of dihalides on the tens of picosecond time scale.
Using all x-ray and laser observables we deliver a new picture of the en-
suing dynamics, for which the existence of the long-lived (X:e) contact
pair is not required. Next steps aim to trace more complex guest-host
scenarios towards functional proteins in solution.

CPP 23.2 Tue 11:30 ZEU/LICH
Surface Propensity of Halide Ions in Water: New Evidence
from LJ-XPS — eDaNIiELA ToRrREs-Diaz!, SHIRIN GoLami!, TILL-
MANN BuTTERsack!, Q1 Zrou!, REm1 Dupuy2, BERND WINTER!,

CuistopHE Nicoras®, and HeENDRIk Brunm! — lFritz Haber In-
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stitute of the Max Planck Society, Berlin, Germany — 2Laboratoire
de Chimie Physique - Matiére et Rayonnement (Sorbonne Université,
CNRS), Paris, France — 3Synchrotron SOLEIL, Saint-Aubin, France

The surface propensity of halide ions in water is still a matter of debate.
While the famous Onsager&Samaras model indicates that charged
species should avoid the interface, more recent Molecular Dynamics
simulations that take into account the polarizability of the ions indi-
cate notably that iodide and bromide prefer the interface while chloride
and fluoride avoid it. Different models, however, differ in how strong
this effect is, while experimental studies have reported contradictory
results. Here I will discuss recent results obtained using Liquid-Jet
X-Ray Photoemission Spectroscopy on water interfaces for potassium
halide solutions. In particular, the measurement of the photoelectron
angular distributions allow for a higher spatial resolution than classic
XPS measurements.

CPP 23.3 Tue 11:45 ZEU/LICH
Ion Correlations Drive Collective Adsorption of Hydronium
Ions at the Air-Electrolyte Interface — eELENA KOHLER Ruiz,
MAXIMILIAN BECKER, Louis LEuMANN, and RoLaND NETZ — Fach-
bereich Physik, Freie Universitdt Berlin, Germany

Acids exhibit distinct interfacial behavior at the air-water interface
compared to simple monoatomic salts. While monoatomic ions are
largely repelled from the interface, hydronium ions preferentially re-
side at the interface due to formation of an interfacial hydrogen-
bond network. To investigate these contrasting behaviors, we per-
form molecular-dynamics simulations with thermodynamically opti-
mized force fields, analyzing ionic distributions at the interface as well
as resulting surface tensions and potentials. The simulated surface
potentials reproduce the concentration-dependent trends observed in
SFG experiments: At high concentrations, interfacial hydronium pro-
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motes co-adsorption of counterions, which results in a decrease of the
surface potential with rising concentration, consistent with experimen-
tal observations. These findings highlight the critical role of ion-ion
correlations at interfaces, which are not accounted for by modified
Poisson-Boltzmann models.

CPP 23.4 Tue 12:00 ZEU/LICH
Calcium-amino acid complexation in water probed by Inter-
molecular Coulombic Decay — eMicHELE Pucini, NicoLas VE-
LASQUEZ, HARMANJOT KAUR, FLORIAN TRINTER, QI ZHOU, LUKAS
Tomanik, UWE HERGENHAHN, and BERND WINTER — Fritz-Haber-
Institut, Berlin

The Ca2—+ ion is the most abundant metal ion in the human body,
playing essential roles in numerous biological processes, many of which
involve interactions with proteins. Gaining molecular-level insight into
the nature of the interaction between Ca2-+ ions and solvated amino
acids is therefore crucial for understanding calcium’s biological func-
tion. Intermolecular Coulombic decay (ICD), a non-local autoioniza-
tion process, offers unique sensitivity to the local chemical environment
and can selectively probe interactions within the first solvation shell of
solvated Ca2+ ions.

Here, we demonstrate the sensitivity of resonant ICD3 to the chem-
ical composition of the solvation shell, enabling the identification of
Ca2+ associations with specific amino acids. Our model system is the
amino acid proline. The interaction, if present, is revealed via the ICD
electrons resulting from the ionization of the biomolecule upon the 2p
to 3d excitation of Ca2+.

Our results unequivocally identify Ca2-+-proline interactions, indi-
cating substitution of water molecules in the ion’s coordination shell
by proline. These findings establish ICD as a sensitive probe of metal-
biomolecule interactions and highlight its potential as a powerful spec-
troscopic tool for investigating biomolecular structure in solution.

CPP 23.5 Tue 12:15 ZEU/LICH
Distinguishing cavity and non-cavity solvation structures of
the hydrated electron — eSy Dar Ho and BeNjaMIN PHILIPP
FiNGERHUT — Department of Chemistry and Centre for NanoScience,
Ludwig-Maximilians-Universitdt Miinchen, 81377 Miinchen, Germany

Solvated electrons in water are prototypical low-dimensional quantum

systems that are coupled to a fluctuating, many-body environment.
However, their hydration structure is still a matter of debate, with both
cavity and non-cavity models having been suggested. First-principles
molecular dynamics simulations are performed of excess-electron lo-
calization in liquid water, using hybrid-meta-GGA and hybrid-GGA
density functionals that accurately reproduce bulk water structure.
Perturbations to the local hydrogen bond structure of water due to
interaction with the excess charge are identified, giving rise to specific
signatures in transient radial distribution functions. These patterns are
then compared with preliminary liquid-phase MeV-UED data obtained
during an early science campaign at SLAC. In order to distinguish
the structural changes induced by excess electrons in the diffraction
patterns, long-time simulations at an unprecedented level of theory
are required in order to minimise statistical noise. Our results clarify
the coupling of hydrated electrons to solvent fluctuations and provide
microscopic insight into polaron formation in disordered condensed
phases.

CPP 23.6 Tue 12:30 ZEU/LICH
Mesoscopic Structures in Water /HFIP based Electrolytes —
eSopHIE ZEILINGER? and Markus Mrzcer! — Center for Nano
Structure Research, Faculty of Physics, University of Vienna, AT-1090
Vienna — 2Institute of Physical Chemistry, Faculty of Chemistry, Uni-
versity of Vienna, AT-1090 Vienna

Previous studies have shown that binary water/hexafluoroisopropanol
(HFIP) mixtures exhibit nanoscale heterogeneties that strongly affect
properties such as reaction rates. The complex hydrogen bonding net-
work of the binary mixture together with the amphiphilic character of
the HFIP molecule provides a sensitive environment in which subtle
changes in interactions can generate nanoscale heterogeneties. Here,
we study the structure formation in water/HFIP under the influence
of hydrophilic and hydrophobic ions by Small Angle X-Ray Scatter-
ing (SAXS). Depending on water content, pH, salt concentration and
temperature we observe monotonous and oscillatory density correla-
tions with structural parameter on the nanometer length scale. These
structures are explained by the coupling of coulombic interactions be-
tween charged hydrophilic and hydrophobic ions vs. local fluctuations
in water/HFIP concentrations.

CPP 24: French-German Session: Simulation Methods and Modeling of Soft Matter IV

Time: Tuesday 11:30-12:45

CPP 24.1 Tue 11:30 ZEU/0255
Systematic coarse-graining with density dependent poten-
tial: Application to small organic molecules, multicompo-
nent mixtures and polymers — eSavan Duttal:?3, Maria
C. LesniEwskr?, W. G. Nom?, DeENis ANDRIENKO?, and ARASH
NikouBasuMAN?® — 1Leibniz-Institut fiir Polymerforschung —
2Technische Universitit Dresden — 3Johannes Gutenberg-Universitét
Mainz — 4Pennsylvania State University, University Park, PA, USA
— 5Max-Planck Institut fiir Polymerforschung Mainz

Conventional coarse-graining (CG) approaches approximate the un-
derlying many body interactions through effective pair potentials. Al-
though this strategy works well for reproducing structural and ther-
modynamic properties in bulk systems, it often fails in heterogeneous
systems, such as droplets or films, due to the inherently strong density
fluctuations in those systems. To address this issue, we incorporated
local-density-dependent potentials (LDPs) that treat these many-body
contributions explicitly within a mean-field formalism. We develop a
CG force-field framework that integrates LDPs, enabling accurate sim-
ulation of conjugated organic molecules, organic liquid mixtures, and
polymeric systems. This approach provides a more accurate descrip-
tion of thermodynamic and interfacial properties of these systems. Fur-
ther, it facilitates the establishment of structure-function description
that helps in rational designing of functional materials.

CPP 24.2 Tue 11:45 ZEU/0255
A data-driven decoupled multiscale scheme for anisotropic fi-
nite strain magneto-elasticity — eHEeiNrRIcH T. RoTH, PHILIPP
GeBHART, KArRL A. KarLiNa, THOMAS WALLMERSPERGER, and
Markus KASTNER — TU Dresden, Dresden, Germany

Structured magnetorheological elastomers (MREs) are composite ma-
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terials exhibiting magneto-mechanical coupling effects, such as the
magnetostrictive and magnetorheological effect. They consist of mag-
netizable particles arranged in chain-like structures within a soft elas-
tomer matrix. As explicitly resolving their microstructure in real-world
samples is infeasible, a multiscale modeling approach is required.

In this work, we present a framework for the macroscale mod-
eling of structured MREs using physics-augmented neural networks
(PANNS) [1,2]. The framework begins with data generation, where a
representative volume element (RVE) undergoes macroscopic magneto-
mechanical loadings in Finite Element (FE) simulations. The result-
ing homogenized microscale variables form a macroscale dataset for
the training and testing of the PANN macromodel, which satisfies key
physical principles [1]. Finally, the trained PANN model is used in a
decoupled multiscale scheme as the material model for a macroscale
FE simulation to examine the magnetostriction of a spherical sample.

‘We acknowledge support by the German Research Foundation DFG
through Research Unit FOR 5599 on structured magnetic elastomers.

[1] H.T. Roth et al., arXiv:2510.24197, 2025. [2] K.A. Kalina et al.,
CMAME 421, 2024.

CPP 24.3 Tue 12:00 ZEU/0255
In Silico Self-Assembly of Magnetic Colloidal Polymers
with Magnetization Dynamics — eDEeN1z MosTtarRac!, Soria
KanTorovicn?, and PuiLip J. Camp! — 1School of Chemistry, Uni-
versity of Edingburgh, EH9 3FJ Edinburgh , United Kingdom —
2Computational and Soft Matter Physics, University of Vienna, Vi-

enna, Austria

Polymer-like mesostructures formed by crosslinked magnetic nanopar-
ticles (MNPs) have created a new class of stimuli-responsive mate-
rials magnetic colloidal polymers (MCPs) that show enhanced opti-
cal, thermal, mechanical, rheological, and adsorption properties com-
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pared to conventional magnetic fluids. The interplay between mag-
netic interactions and solvophilic/solvophobic forces produces com-
plex, field-tunable self-assembly. In our previous work, we investigated
isolated MCPs and showed that solvophobicity drives compact, mag-
netically frustrated conformations, with structural features determined
by crosslink type and MNP properties. These distinctions strongly af-
fect MCP dynamics under shear and external fields. In this contribu-
tion we study the self-assembly of solvophobic MCPs while explicitly
modeling MNP magnetodynamics with finite anisotropy. Our simu-
lations capture internal magnetization dynamics over long times and
at system sizes sufficient for bulk behavior. We show that coupling
between Brownian and Néel relaxation, together with nonlinear mag-
netization, yields distinct structural, magnetic, and dynamical features
in MCP suspensions governed by solvophobicity and intrinsic NP mag-
netism.

CPP 24.4 Tue 12:15 ZEU/0255
Pulling knotted polymer rings and concatenated knotted
polymer rings in order to understand the effects of entan-
glement on the mechanical properties of polymers materials
— eFrRANcO FERRARI', NEDA ABBAST TAKLIMI', MARCIN PIATEK!,
and Luca Tusiana?2 — 1CASA* and Institute of Physics, University
of Szczecin, Szczecin, Poland — 2Physics Department, University of
Trento, Via Sommarive 14, Trento 1-38123, Italy

The topological structure of polymers is expected to produce relevant
effects on the mechanical properties of polymer systems. However, to
assess the contribution of topology by experiment is difficult, mainly
due to technical obstacles in controlling the entanglement during the
synthesis process, in particular the formation of knots and concate-
nations. In this contribution presented are the results of numerical
simulations focusing on the mechanical properties of topologically en-
tangled polymer systems. First, the case of single knotted polymers
pulled by an external force are discussed. Next, the stress-strain curves

of a few concatenated knots with forces applied at different locations
are shown. To check the validity of our simulations based on the Wang-
Landau algorythm, two different methods are employed and their con-
sistency is verified. The final goal of this research is to understand the
mechanical properties of more complex polymer materials character-
ized by an uniform distribution of knots or concatenated knots of a
given topological type.

CPP 24.5 Tue 12:30 ZEU/0255
Prediction of Ultra-Long Time-Scale Dynamics from Picosec-
onds to Seconds: Integral of First-Passage Times — eQIrvun
TanG — School of Physics, Southeast University, Nanjing, China

The dynamics of non-equilibrium nanostructure formation span over
13 orders of magnitude in time, from molecular vibrations at picosec-
onds to macroscopic processes at seconds or longer. Predicting such
ultra-long time-scale dynamics poses significant challenges for conven-
tional molecular simulation methods. We recently proposed a new
approach-Integral of first-passage times (IFS)-to predict the evolution
of non-equilibrium nanostructures, and the resulting structural distri-
butions align well with experimental observations [1]. Furthermore,
we have verified that the dynamics predicted by IFS are consistent
with direct simulations in cases of low free energy barriers, while un-
der high free energy barriers, the ultra-long time-scale dynamics pre-
dicted by IFS agree with experimental measurements [2]. Utilizing
this method, we have also systematically investigated the relation-
ship between polymer adsorption dynamics and surface curvature [3,4].
The IFS method bridges microscopic picosecond-scale dynamics with
macroscopic growth kinetics of nanostructures, offering an effective ap-
proach for designing and controlling non-equilibrium nanostructures.

[1]Q.Tang, C. Rossner, P. Vana, M. Miiller, Biomacromolecules 2020,
21: 5008. [2]Q. Tang, Y. Huang, M. Miiller, Phys. Rev. E 2024, 110:
044502. [3]J. Zhang, Q. Tang, Phys. Rev. Mater. 2024, 8: 105602.
[4]Y. Huang, C. Tang, Q. Tang,*Nanoscale 2024, 16: 19806.

CPP 25: Hybrid, Organic and Perovskite Optoelectronics and Photovoltaics Il

Time: Tuesday 11:30-12:45

CPP 25.1 Tue 11:30 ZEU/0260
Transiently Delocalised Hybrid Quantum States are the
Gateways for Efficient Exciton Dissociation at Organic
Donor-Acceptor Interfaces oFiLiP Ivanovic!, SAMUELE
GianniNi?, WE-Tao Peng3, and JocHEN BLUMBERGER!
Department of Physics and Astronomy, University College London,
London, United Kingdom — ?Department of Chemistry and Industrial
Chemistry, University of Pisa, Pisa, Italy — 3Department of Chem-
istry, Tunghai University, Taichung City, Taiwan

Organic solar cells (OSCs) have long been the subject of intensive
research. Following the absorption of sunlight, localised excitations
(excitons) are able to dissociate into separated charges at the inter-
face between donor and acceptor components. Whilst this separation
has been leveraged to achieve cell efficiencies above 20%, the exact
mechanism by which this occurs remains without consensus.

Theoretical research has been centred on simulating such phenomena
on experimentally relevant time scales, whilst sufficiently describing
the underlying electronic structure. Here, we introduce our in-house
non-adiabatic dynamics package, termed X-SH.

We elucidate the mechanism of ultrafast charge separation in an
atomistic OSC junction, where separation is mediated by non-local
hybridised states comprising both excitons and separated charges, and
in-fact accelerated by non-interfacial exciton dissociation. We then
demonstrate that tuning the hybridised states’ accessibilities through
the density of states can be translated into design rules informing the
synthesis of yet more efficient OSCs.

CPP 25.2 Tue 11:45 ZEU/0260
Temperature-Dependent Spin-Sensitive Spectroscopy of
Triplet-Exciton Dynamics in TADF OLEDs — eAuMED Mo-
HAMED, ANDREAS KOHRMANN, VLADIMIR DyakoNov, and ANDREAS
SPERLICH — Experimental Physics 6, University of Wiirzburg, 97074
Wiirzburg, Germany

Thermally Activated Delayed Fluorescence (TADF) enables efficient
harvesting of triplet excitons through reverse intersystem crossing
(rISC) in OLEDs. Previous studies have shown that TADF device
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operation is dominated by triplet excitons, whose densities exceed sin-
glet and charge carrier densities by several orders of magnitude. A
major limitation to TADF efficiency is the non-radiative loss of triplet
excitons. Here, we analyze the transient photoluminescence (trPL) and
transient electroluminescence (trEL) decays of the blue TADF emit-
ter »-DABNA hosted in TDBA-Si or mCP. Temperature-dependent
trPL/trEL kinetics were modeled using a rate-equation framework.
Key triplet-exciton parameters, including the lifetime, diffusion coeffi-
cient, diffusion length, and activation energies were extracted by con-
sidering both 15¢ and 2" order triplet-exciton decay pathways. The
spin properties of the triplet exciton were additionally identified using
photoluminescence-detected magnetic resonance (PLDMR) measure-
ments on the organic layer stack. Together, kinetic and spin analysis
of triplet excitons provide a comprehensive picture of non-radiative
quenching to guide future improvements of TADF OLEDs

CPP 25.3 Tue 12:00 ZEU/0260
Modeling the ionization potential and electron affinity in or-
ganic semiconductors — e ALEXEY GUDOVANNYY and FrRANK ORT-
MANN — Department of Chemistry, TUM School of Natural Sciences,
and Atomistic Modeling Center, Munich Data Science Institute, Tech-
nical University of Munich, Germany

Ionization potential (IP) and electron affinity (EA) are essential quan-
tities for characterizing and tuning transport properties of organic
semiconducting materials. Computational prediction of these prop-
erties under realistic conditions of crystalline or polycrystalline forms
remains challenging, as it requires a proper description of all interac-
tions within the bulk material environment. In this work, we present
an accurate protocol for computing molecular materials’ IP and EA
values, using computed gas-phase molecular values corrected via an
improved multilevel scheme for describing the materials’ environment,
where an electronic structure is treated explicitly at the microscopic
level, while at larger scales, a continuum model is applied. Special
significance will be dedicated to the requirement of accurate reference
gas-phase calculations, which we carried out within the GW frame-
work and to demonstrating limitations of prevalent Density Functional
Theory (DFT) methods, while preserving feasible computational time
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demands. The main bottleneck of this approach is the need for an
experimental or predicted crystal structure. We will also show how
to incorporate reliable structure prediction into it, which opens up
possibilities for purely in silico materials design.

CPP 25.4 Tue 12:15 ZEU/0260
Morphological Insights into Spray-Coated Organic Semi-
conductors — eSnuxiaN Xionc!:2, Marie BrTker?3, SiMoN
Scuraapb2) YUFENG ZHAT?, BENEDIKT SOCHOR?, SARATHLAL Kov-
oTH VavaLiL?*, PeTER MULLER-BuscuBaum!, and STEPHAN V.
RoTu?3 — ITUM School of Natural Sciences, Chair for Functional
Materials, Garching, Germany — 2Deutsches Elektronen-Synchrotron
DESY, 22607 Hamburg, Germany — 2Department of Fibre and Poly-
mer Technology, KTH, Stockholm, Sweden — 4 Applied Sciences Clus-
ter, University of Petroleum and Energy Studies UPES, Dehradun,
Uttarakhand, 248007, India

Ultrasonic spray coating offers improved scalability for large-scale ap-
plications, reduced material waste, and enhanced compatibility with
various substrates, making it a more cost-effective solution for the mass
production of photovoltaic devices. However, how to simply and effi-
ciently build ordered structural networks is still a critical issue. We
investigate the morphological transition of organic semiconductors and
their effect on device performance using grazing incidence wide-angle
X-ray scattering in traditional fullerene systems. By systematically
optimizing spray flow rate and substrate temperature, we effectively
tailored the film morphology, enhancing molecular crystallization of
PTB7-Th and PCBM, resulting in an improvement in device perfor-
mance of 9% in air, which is one of the highest device efficiencies cur-
rently achieved for spray-coated fullerene acceptor-based organic solar

cells, and is equivalent to the device efficiencies of spin-coated fullerene
acceptor-based organic solar cells.

CPP 25.5 Tue 12:30 ZEU/0260
Enhancing device performance parameters of organic photo-
diodes by understanding the thickness dependence of the re-
verse dark current — eFRED KRETSCHMER!, TI1ANYI ZHANG!, Os-
KAR J. SANDBERGZ2, MatHias Nyman?, KarL Leo!, and JOHANNES
BeNDUHN! — lInstitute of Applied Physics, TU Dresden, Dresden,
Germany — 2Faculty of Science and Engineering, Abo Akademi Uni-
versity, Turku, Finland

In recent years, organic photodetectors (OPDs) have attracted inter-
est due to their advantageous properties and rapidly advancing perfor-
mance, making them promising not only as complements to inorganic
photodetectors but also for emerging applications in bioimaging, health
monitoring, and high-speed optoelectronics. A key figure of merit for
comparing PDs is the specific detectivity (D*), which quantifies the
detector’s ability to sense weak optical signals. Achieving high D* re-
lies on maximizing charge carrier extraction while minimizing internal
noise. Under reverse bias, OPD performance is particularly influenced
by shot noise, which is proportional to the dark current (Jp).

In this work, the variation of Jp with active-layer thickness across
multiple energy-gap-tuned bulk-heterojunction systems was examined.
Surprisingly, the dark current exhibits a thickness-dependent mini-
mum, contrary to the general assumption that Jp only decreases with
thickness. Using sensitive, temperature-dependent current-voltage
measurements together with drift-diffusion simulations, the new min-
imum feature was confirmed, and improvements in the specific detec-
tivity of OPDs were achieved.

CPP 26: French-German Session: 2D Materials, Thin Films and Interfaces Il

Time: Tuesday 14:00-15:30

Invited Talk CPP 26.1 Tue 14:00 HUL/S386
Investigating lignin graphitisation depending on botanical
source and extraction method — Lucie DievaLl, PHUTHIPHONG
OuITRAKOON?, ROBERT HUNTER?, SEBASTIEN SCHAEFER®, Louls
HenNeT?, ERiKk ELkaiM?, JuLiE RueLLou®, MiLo S. P. SHAFFERZ,
AcnNiEszkA BranpT-TaLBoT?, and ePascaLe Launois! — 'LPS,
CNRS/Université Paris Saclay, France — 2Imperial College, UK
— 3ICMN, CNRS/University of Orléans, France — *Synchrotron
SOLEIL, France — SESRF, France

Lignins, plant-derived macromolecules, are promising carbon sources
from a sustainable development perspective. Here, we study the trans-
formations of various lignins into turbostratic carbon or graphite, con-
sisting of stacked graphene sheets.

The lignin powders were heated at temperatures between 1000 and
2730°C. Analyses were performed ex-situ using X-ray scattering (XRS)
and Raman spectroscopy, which confirmed XRS results. XRS data
were analysed combining analyses in reciprocal space and in direct
space with Pair Distribution Function. The dimensions of the car-
bonaceous crystalline domains formed from lignins are determined as a
function of temperature, as well as the stacking mode of their graphene
sheets. We find that all studied lignins transform into turbostratic
carbon, with no evidence for intermediate stackings towards graphite.
Different sizes of crystalline domains are evidenced depending on the
lignin form. One lignin presents relatively large sizes both for the
graphene layers and in the stacking direction at a temperature as low
as 1300°C, a most promising finding for future applications.

CPP 26.2 Tue 14:30 HUL/S386

Atomistic Origin of Photoluminescence Quenching in Col-
loidal MoS; and WS; Nanoplatelets — eSURENDER KuMaR!,

Markus FrosLic?, STEFAN VELJAl, Marco KocerL?, ONNO
StroLkAZ3, ANDRE NIEBUR3, SAMUELL GINZBURG?, MUHAMMAD
SuryaN Rawmzan!, Jannik C. MEeYERZ, JanNNIKA LauTe?3, and

CaTERINA CoccHi! — !Friedrich-Schiller-Universitéit Jena, Germany

— 2Eberhard Karls University of Tiibingen, Germany — 3Leibniz Uni-
versity of Hannover, Germany — *University of Cambridge, UK

Large chemical tunability and strong light-matter interactions make
colloidal transition metal dichalcogenide nanostructures particularly
suitable for light-emitting applications. However, ultrafast exciton de-
cay and quenched photoluminescence limit their potential. Combin-
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ing femtosecond transient absorption spectroscopy with first-principles
calculations on MoSs and WS nanoplatelets, we reveal that the ob-
served sub-picosecond exciton decay originates from edge-located op-
tically bright hole traps [1]. These intrinsic trap states stem from the
metal d-orbitals and persist even when the sulfur-terminated edges are
hydrogen-passivated. Notably, WS2 nanoplatelets show more local-
ized and optically active edge states than their MoS2 counterparts,
and zigzag edges exhibit a higher trap density than armchair edges.
The nanoplatelet size dictates the competition between ultrafast edge-
trapping and slower core-exciton recombination, and the states respon-
sible for exciton quenching enhance catalytic activity.
[1] S. Kumar, et al., arXiv:2511.19077 (2025)

CPP 26.3 Tue 14:45 HUL/S386
Data-driven exploration of thermal and elastic properties
in covalent organic framekworks — ® ALEKSANDER SZEWCZYK!,
LeEoNARDO MEDRANO SanDONAs!, Davib BobpesHEIM!, BOHAYRA
Mortazavi?, and GIANAURELIO CUNIBERTI? — 1TUD Dresden Uni-
versity of Technology, 01062 Dresden, Germany — 2Leibniz Univer-

sitdt Hannover, Welfengarten 1A, 30167 Hannover

Covalent organic frameworks (COFs) are a class of advanced materi-
als that can be precisely engineered for diverse applications, including
catalysis, flexible electronics, and sensors. However, COFs synthesised
experimentally often exhibit a variety of structural defects and grain
boundaries, which affect their properties. Because of their large and
complex structure, COFs pose a considerable challenge for traditional
ab-initio methods. Machine learning interatomic potentials (MLIPs)
can be used to significantly accelerate property calculations, while re-
taining near ab-initio accuracy. Our team have parametrised an MLIP
using the MACE architecture and a dataset of non-equilibrium confir-
mations of 2D COFs. We assessed the transferability of the MACE
model computing atomic forces and phonon dispersions of unseen
COFs, and compared these results to ReaxFF and reference data by
Density Functional Theory using VASP code. Using the parametrised
model, we explore the effect of defects and grain boundaries on thermal
and elastic properties of COFs.

CPP 26.4 Tue 15:00 HUL/S386
PNIPAM Microgel-Stabilized Foam Films: Effect of
Crosslinking Content — eLuca MirAU, JOANNE ZIMMER, KEVIN
GRAFF, MAaTTHIAS KUHNHAMMER, and REGINE voN KriTzING — In-
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stitute for Condensed Matter Physics, TU Darmstadt, Germany through molecular crowding — WancHUNG CHIaNG!, LIONEL
1 2 1
Aqueous foams find widespread application in fields such as cosmetics, Bureau A RALIF RICHTER?, GALII\{A D.UBACHEVA , anQd .DELI:"HINE
the food industry, oil recovery and fire-fighting. Their stabilization I]?E?iAREIi( — " Grenoble-Alpes University, France — “University of
eeds,

requires the presence of surface-active molecules or colloidal particles.
In this study, thermoresponsive microgels (MGs) composed of poly(N-
isopropylacrylamide) (PNIPAM) with varying crosslinker contents are
applied as foam stabilizers, resulting in temperature-sensitive foams.
Foam films serve as the fundamental building blocks of foams. The
structuring of MGs within these films is analyzed using the Thin Film
Pressure Balance (TFPB) technique. Foam films are formed within a
pressure chamber, and their thickness is determined through interfer-
ometric methods under a light microscope. The foam films display an
inhomogeneous structure, characterized by network-like, several 100nm
thick regions containing MGs, interspersed with thin MG-depleted
zones less than 100nm thick. We show how the cross-linker density
of the microgels affect the MG layering within these thick network re-
gions, influencing the film thickness. Another question we answer is
how the MG-free areas are stabilized.

CPP 26.5 Tue 15:15 HUL/S386

Irreversible protein adsorption on mobile surfaces: con-
trol and modelling of surface density and in-plane mobility

Adsorption of proteins onto surfaces has been the focus of a wealth of
experimental, theoretical and numerical studies but surprisingly little
is known on the dynamics of protein adsorption on fluid surfaces.

In this study, we consider irreversible adsorption of streptavidin, a
protein with a very strong affinity for its ligand biotin, onto a lipid
bilayer incorporating biotin-terminated lipids, a widely-used model to
build biomimetic surfaces. We show that after the initial, rapid ad-
sorption phase, a slower, logarithmic continuous adsorption can lead
to surface densities much larger than in the absence of surface diffu-
sion. Simultaneously, we quantify the lateral diffusion of the adsorbed
proteins, which drops sharply and can be tuned continuously over two
orders of magnitude depending on surface density.

We then adapt free-volume theories to two dimensions to rationalize
our findings and bridge the gap between in-plane diffusion and ad-
sorption dynamics. Beyond a better understanding of adsorption onto
mobile surfaces, our data paves the way towards biomimetic surfaces
incorporating mobility control of functional groups.

CPP 27: Focus Session: Water — from Atmosphere to Space Ill (joint session CPP /DY)

Time: Tuesday 14:00-15:30

Topical Talk CPP 27.1 Tue 14:00 ZEU/LICH
Why water in plants survives negative pressure — MARIN
SAKOI’Q, EMANUEL ScHNECK®, RorLanDp NEeTz%, and eMATEJ
Kanpucl! 1Jozef Stefan Institute, Ljubljana, Slovenia
2University of Ljubljana, Faculty of Mathematics and Physics, Ljubl-
jana, Slovenia — 3Physics Department, Technische Universitit Darm-
stadt, Darmstadt, Germany — 4Fachbereich Physik, Freie Universitit
Berlin, Berlin, Germany

It may seem surprising that we can lower the pressure in a liquid to neg-
ative values, far below the saturated vapor pressure at which a vapor
phase should form. In water, such deeply metastable states are possi-
ble only when it is exceptionally pure and free of nucleation sites. It
is therefore even more striking that plants transport water at negative
pressures down to —100 atm without cavitation, even though xylem
sap is anything but pure: it contains dissolved ions, sugars, lipids, and
other organic molecules. How is this possible?

In this talk, I will show how molecular simulations and theory can
explain this surprising behavior. We find that amphiphilic molecules
such as lipids can adsorb onto hydrophobic surface crevices — places
that would normally trap nanobubbles. Once coated, these surface de-
fects can no longer stabilize bubbles, which allows water to stay intact
even under strong tension. This mechanism offers a molecular-level
explanation for how trees transport water to heights of over 100 me-
ters without cavitation. More broadly, it illustrates how soft-matter
physics and interfacial molecular organization can control the mechan-
ical stability of liquids under extreme conditions.

CPP 27.2 Tue 14:30 ZEU/LICH
Cholesterol Controlled Photo-Switching Activity of Azoben-
zene Glycoconjugates in Lipid Membranes — ePRASHANT
Hrrarsaih2, Svensa C. HoveLMmann®2, MicHAEL ROHRL3, Nico-
LAas Haven!, ELLa DieBeLL!, Arr Asutiant', CARLOTTA MAGER!,
TuisBe LinpnorsT?, and BripgET M. MUrPHY!2 — lInstitute of
Experimental and Applied Physics, Kiel University, Leibnizstrafte 19,
Kiel, 24118, Germany — 2Ruprecht Haensel Laboratory, Deutsches
Elektronen-Synchrotron DESY, Notkestrafe 85, Hamburg, 22607, Ger-
many — 3Otto Diels-Institut fiir Organische Chemie, University of
Kiel, Germany

Reversible photo-switchable molecules enable precise optical control of
soft interfaces and are attractive for smart surfaces and light-triggered
drug delivery. Azobenzene glycoconjugates (Azo) undergo reversible
trans-cis isomerization under alternating UV and visible illumination,
thereby modulating their conformation and interactions with lipid
membranes. Here, Azo is incorporated into DPPC monolayers con-
taining 0, 15, or 30 mol% cholesterol to mimic biologically relevant
membrane compositions. Langmuir monolayer isotherm studies com-
bined with time-resolved illumination cycles and X-ray measurements
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are used to quantify Azo-induced changes in membrane structure and
relaxation kinetics. Increasing cholesterol slows Azo photo-switching,
indicating a more constrained, rigid nanoenvironment, and shows that
membrane composition can be used to tune light responsiveness in lipid
interfaces for designing azobenzene-based responsive biomaterials.

CPP 27.3 Tue 14:45 ZEU/LICH
Photoelectron Angular Distributions of Ions Influenced
by Surfactants at the Solution-Vapor Interface — eSHIRIN

Guorami', TiLLMANN BuTTErRsAck!, CLEMENS RICHTER?, REMI
Dupuy3, DaNIELA TorrEs-Diaz!, CHRisTOPHE NicorLas?, Uwg
HerceNHAHN!, and HENDRIK BLunm! — 1Fritz Haber Institute of

the Max Planck Society, Berlin, Germany — 2SPECS Surface Nano
Analysis GmbH, Berlin, Germany — 3Sorbonne Université, CNRS,
Paris, France — 4Synchrotron SOLEIL, Paris, France

Aqueous liquid-vapor interfaces play key roles in atmospheric and
oceanic processes. The ocean-air boundary forms the largest aqueous-
vapor interface, covering over 70 % of Earth’s surface. In addition to
Nat and Cl—, Mg2t and 8027 are the most abundant ions in ocean
water.

Here, we investigate how Mg2?t and 8037 ions behave at the aque-
ous solution-vapor interface in the presence of charged surfactants.
Using sub-monolayer coverages of octylamine —CNH; and octanoate
—COO~, we examine how these surfactants modify the distance of the
ions from the interface. Liquid-jet X-ray photoelectron spectroscopy in
combination with photoelectron angular distributions provides A-scale
depth sensitivity, enabling us to quantify ion-surfactant interactions.

Our results show that differently charged surfactants shift the inter-
facial positioning of Mg?* and SO?;, and that specific ion-ion inter-
actions influence their interfacial propensity.These findings reveal how
surfactants govern the depth distribution of ions, providing insight into
oceanic and atmospheric processes.

CPP 27.4 Tue 15:00 ZEU/LICH
Contact line dynamics on moving fibers measured by X-
ray holography — eLouisa E. Krart!2, Jens LucuHT?, Fiona
BerNeEr!2, Hannes P. Hoeppe?, ToBias ExLunp!:2, Yizar Livl,
MaRrkus OsTERHOFF3, TiM SALpITT®], HaNs-JORGEN Burt!, and
KATRIN AMANN-WINKELY2 — 1Max Planck Institute for Polymer Re-
search, Mainz, Germany — 2Johannes Gutenberg University, Institute
for Physics, Mainz, Germany — 3Georg-August-University, Institute
of X-ray Physics, Gottingen, Germany
The wetting properties of solid surfaces are important for many nat-
ural and industrial processes, especially with respect to dynamic wet-
ting. The wetting dynamic of solid surfaces, in particular the quanti-
tative description of the dynamic contact angles, is still under debate.
Dynamic contact angle variations connect macroscopically measured
quantities with microscopic processes. Most studies rely on optical or
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confocal microscopy which limits the experimental access to the sub-
microscopic region where these processes take place. We present data
from X-ray holography experiments, imaging the three-phase contact
line on moving glass fibers with an improved spatial resolution of about
450 nm combined with a temporal resolution of 10 Hz. We used the
GINIX nanofocusing setup at the P10 beamline at PETRA III (DESY,
Hamburg). The used glass fibers were pulled out of a liquid bath filled
with varying aqueous solutions while changing the lateral velocity. We
could clearly observe a decrease of the receding dynamic contact angle
with increasing fiber velocity confirming the predictions of dynamic
wetting theory.

CPP 27.5 Tue 15:15 ZEU/LICH

Properties of micrometre-sized supercooled water droplets
— Craupia Goy!, eFrEpEric CauprIN?, FELIX LEHMKUHLER!,
and RoBERT E. Grisenti®* — 1Deutsches Elektronen Synchrotron
DESY, Hamburg, Germany — 2Université Claude Bernard Lyon 1,
Villeurbanne, France — 3GSI, Darmstadt, Germany — 4J. W. Goethe-

Universitat, Frankfurt am Main, Germany

Water displays a wide range of anomalous behaviors, many of which
become particularly pronounced in the supercooled state, where its
properties deviate strongly from those of other liquids. A prevail-
ing hypothesis suggests that, at low temperatures, water may locally
adopt two distinct structural motifs. This presentation will discuss re-
sults from temperature-dependent experiments that probe the physical
and chemical properties of liquid water. The studies employ evapora-
tively cooled liquid jets in vacuum, investigated with techniques such
as Raman spectroscopy and X-ray spectroscopy. These approaches en-
able a detailed examination of inter- and intramolecular vibrational
modes, providing insight into the molecular dynamics of cooling water
and optical properties, including the refractive index. Together, these
experimental methods offer a comprehensive view of the temperature-
dependent behavior of water, shedding light on the complex inter-
actions that drive its anomalies. Through these studies, we aim to
elucidate the mechanisms governing water’s unique behavior in the
supercooled regime and contribute to a deeper understanding of its
structural transformations and physical properties.

CPP 28: Active Matter IV (joint session DY /BP/CPP)

Time: Tuesday 14:00-15:30

CPP 28.1 Tue 14:00 ZEU/0160
Automated decision-making by chemical echolocation in ac-
tive droplets — eARITRA K. MUKHOPADHYAY!, RaN Nr1u2, Lin-
aut Fu?, Kar FEneg?, CurisTorHER FuiTal, Qiance Znao?, JINPING
Qu?, and BENNO LieBcHEN! — !Technische Universitit Darmstadt,
Darmstadt, Germany. — 2Huazhong University of Science and Tech-
nology, Wuhan, China.

Motile microorganisms like bacteria and algae combine self-propulsion,
cooperation, and decision-making at the micron scale. Inspired by
these biological systems, synthetic microswimmers are emerging as
human-made counterparts capable of self-propulsion. Recent break-
throughs provide a platform to integrate additional functionalities,
bridging the gap between biology and synthetic systems. We propose
and experimentally demonstrate a mechanism that enables synthetic
microswimmers, including autophoretic colloids, droplet swimmers,
and ion-exchange-driven modular swimmers, to make autonomous nav-
igational decisions. These swimmers generate chemo-hydrodynamic
signals that interact with boundaries, producing echoes that encode
structural information about the environment. These echoes trigger
automatic responses, such as synthetic chemotaxis, allowing swimmers
to avoid dead ends and autonomously find paths through complex
mazes. We show the mechanism remains robust across different maze
geometries, ensuring reliable navigation without external cues. Our
findings illustrate how simple physical principles can endow synthetic
systems with advanced navigation functionalities.

CPP 28.2 Tue 14:15 ZEU/0160
Dead or alive?—Probing scale-dependent liveliness in mul-
tiscale active matter — eJoscua MEecke! and Kraus Kroy? —
Hnstitute for Advanced Study, Shenzhen University, Shenzhen, China
— 2Institut fiir Theoretische Physik, Universitit Leipzig, Leipzig, Ger-
many

If you have ever watched live and dead trouts swimming upstream,
side by side, you may have wondered how closer inspection of their
mesoscale activity might help to tell them apart. But probing spa-
tially heterogeneous activity in living matter is a major challenge. We
demonstrate the emergence of multiple effective (“active”) tempera-
tures in nonequilibrium molecular- and Brownian-dynamics simula-
tions of an active polymer. Energy injection at different length scales
leads to mode coupling, inter-modal energy transfer, and entropy pro-
duction. We put forward a generalised Langevin equation for a labelled
monomer, which, by application of a harmonic potential, can serve as
a spectroscopic device. Upon varying the trap stiffness, we can selec-
tively scan through the emergent effective temperatures and thereby
resolve the scale-dependent activity. Our approach thus provides a
minimally invasive spectroscopic tool to generate quantitative maps of
liveliness, across multiple scales.

CPP 28.3 Tue 14:30 ZEU/0160

Tuning the velocity of thermophoretic microswimmers with
thermo-sensitive polymers — Franziska M. BRAUN, ARITRA
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K. MUKHOPADHYAY, SAMAD MaHmouDpl, BENNO LIEBCHEN, and
eREGINE vON KuriTZING — Institute for Condensed Matter Physics,
TU Darmstadt, Hochschulstrasse 8, 64289 Darmstadt

Understanding and controlling the motion of self-propelled particles
in complex fluids is crucial for applications in targeted drug delivery,
microfluidic transport, and the broader field of active matter. Here, we
investigate the thermophoretic self-propulsion of partially gold-coated
polystyrene Janus particles (Au-PS) in temperature-responsive linear
Poly(N-isopropyl acrylamide) (PNIPAM) solutions across various PNI-
PAM concentrations and temperatures. Particle velocities are exam-
ined at three representative temperatures: far below, near but below
and above the LCST. In pure water, Au-PS Janus particles propel with
the PS hemisphere leading, driven by their intrinsic thermophoretic re-
sponse. Conversely, the positive Soret coefficient of PNIPAM results
in depletion forces that induce motion of the Janus particle towards
the hot Au side. The experiments reveal a non-monotonic dependence
of particle velocity on temperature, with a maximum near the LCST.
Interfacial processes like ion movement in the electric double layer and
PNIPAM adsorption at the Au-PS particles are separated from pro-
cesses that are coupled to the bulk solution. Theoretical calculations
are in good agreement with the experimental findings and are essential
for the understanding of the complex interplay of microswimmers with
thermoresponsive polymers.

CPP 28.4 Tue 14:45 ZEU/0160
Non-reciprocal multifarious self-organization — eSAEED Osat!
and RAMIN GoLESTANIAN? — lInstitute for Theoretical Physics IV,
University of Stuttgart, Heisenbergstrafie 3, 70569 Stuttgart, Germany
— 2Max Planck Institute for Dynamics and Self-Organization (MPI-
DS), 37077 Goettingen, Germany

Biological systems exhibit a unique ability to design diverse struc-
tures from a shared set of building blocks, with a plethora of proteins
made from a limited set of amino acids as a prime example. Further-
more, these systems often use building blocks efficiently by introducing
transformations between different structures. A structure might un-
dergo structural transformations to form a new structure with different
functional purposes, without the need to discard the current structure
and start anew. To unravel this mystery, one must examine the under-
lying non-equilibrium processes that make this shape-shifting behavior
feasible.

Here, we leverage non-reciprocal interactions between building
blocks to provide a foundation for designing dynamic structures. We
used a multifarious self-assembly (MSA) model, which is the molecu-
lar counterpart of the Hopfield associative memory. By upgrading the
MSA model to its non-equilibrium counterpart with non-reciprocal in-
teractions, we introduce the ability to not only self-assemble different
structures on demand but also facilitate shifts and transformations
that lead to shape-shifting behavior.

Invited Talk CPP 28.5 Tue 15:00 ZEU/0160

Designing topological edge states in bacterial active matter



Dresden 2026 — CPP

Tuesday

— Yosumrro UcHipal, Daiki NisHigucHI?'!, and eKazumasa A.

TakeucH!! — 1The University of Tokyo, Tokyo, Japan — 2Institute
of Science Tokyo, Tokyo, Japan

Besides its potential relevance to the life sciences, active matter also
manifests as a novel, intrinsically non-equilibrium kind of matter, en-
dowed with characteristic transport properties distinguished from con-
ventional matter. A challenge is how to control and design transport
in active matter. A potentially useful, emerging concept here is topo-
logical transport developed in condensed matter physics, which was
extended to active matter successfully, but experimental realizations
have thus far relied on the chirality of the active particles, which limits
design capabilities.

Here we report a controlled realization of topological edge states
in dense bacterial suspension, induced by microfabricated geometry
instead of the bacteria’s chirality. First we demonstrate that we can
rectify bacterial collective motion by a channel with asymmetric shape.
Then we construct networks made of asymmetric channels and show
that we can control the emergence of topological edge states through
the network design. Through modelling and experiments, we discuss
what properties of the network and the bacterial flow are crucial to the
observed topological phenomenon. We expect our results may pave the
way for establishing a control and design principle of topological trans-
port in such active matter systems.

Ref) Y. Uchida, D. Nishiguchi, and K. A. Takeuchi, to appear.

CPP 29: Emerging Topics in Chemical and Polymer Physics, New Instruments and Methods Il

Time: Tuesday 14:00-15:30

CPP 29.1 Tue 14:00 ZEU/0255
Towards Evolved Sensing Applications for Organic Pho-
tonic Devices Utilizing Room-Temperature Phosphorescence
— oSEBASTIAN KAISER, SEBASTIAN SCHELLHAMMER, and SEBASTIAN
REINEKE — Dresden Integrated Center for Applied Physics and Pho-
tonic Materials (IAPP) and Institute of Applied Physics (IAP), Tech-
nische Universitdt Dresden

Photonic devices function through the absorption and emission of
light, making them independent of electricity or other influences. This
trait is vital for sustainable advances in imaging, sensing, informa-
tion storage, and anticounterfeiting. Programmable luminescent tags
(PLTs) exemplify this by utilizing the oxygen-sensitivity of organic
room-temperature phosphorescence (RTP) for controllable switching
of the device’s light output under UV illumination. [1, 2]

Optimizing the homogeneity and reproducibility of photonic thin-film
devices, paired with use-case-tailored layer compositions, allowed us to
develop a new, advanced UV light-sensing application. The thin-film
nature of PLTs, especially their flexibility and transparency, combined
with a freely scalable sensor area, enables a broader range of use cases
than common detectors can achieve. The combination of these unique
device characteristics opens the way for new sensing applications for
purely photonic devices.

[1] Gmelch et al., Science Advances 2019. aau7310
[2] Tsiko et al., Communications Chemistry 2025, 025-01620-0

CPP 29.2 Tue 14:15 ZEU/0255
Synergistic and unique information reveals multicentre bond-
ing and geometry — eKvyuNnagHOoON HAaN, MIGUEL (GALLEOGOS
GonzALEZ, and ALEXANDRE TKATCHENKO — University of Luxem-
bourg, Luxembourg, Luxembourg

Classical bonding measures and entropy maps are mostly pairwise,
obscuring cooperative effects. We introduce a Partial Information De-
composition of bond character built from standard density-functional
and coupled-cluster data. Fragment electron- and spin-number distri-
butions along a coordinate define a simple label (covalent, ionic, multi-
center), and information about that label is separated into redundant
(shared), unique (single-fragment), and synergistic (joint-only) parts.
Treating bond character as a geometric response, small perturbations
yield a synergy profile that pinpoints where cooperation emerges and
how it evolves. The profile rises at the onset of sharing in diatomic
hydrogen, is maximal for the central bond of bicyclo[1.1.1]propellane
only when the bridgeheads and the three methylene groups are taken
together, and peaks at the square geometry of cyclobutadiene before
dropping with bond alternation. Benchmarks against density, orbital,
energy, and machine-learning descriptors show where PID adds ex-
planatory power and, for ordinary two-center bonds far from dissocia-
tion, why it is near-zero with detectable exceptions only when the two
atoms are the same.

CPP 29.3 Tue 14:30 ZEU/0255
Utilizing Immediate Phosphorescence in Organic Photonic
Devices for Rewritable Information Storage and Oxygen
Sensing — eLucy WINKLER, SEBASTIAN SCHELLHAMMER, and SE-
BASTIAN REINEKE — Dresden Integrated Center for Applied Physics
and Photonic Materials (IAPP) and Institute of Applied Physics
(IAP), Technische Universitdt Dresden
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Programmable luminescent tags (PLTs) are photonic devices that offer
simple and versatile solutions for reversible information storage and
food labeling by using the oxygen-sensitive phosphorescent emission
from organic emitters embedded in polymer matrices [1]. Conven-
tional PLTs fabricated by spin-coating under ambient conditions ex-
hibit oxygen-quenched phosphorescence in their initial state, requiring
photoactivation to consume oxygen in the active layer and switch on
emission. However, these PLTs show inconsistent activation between
the initial and subsequent writing processes, significantly limiting their
controlled reusability for practical applications [2]. To better under-
stand activation cycles and identify potential improvements, different
fabrication workflows in oxygen-free environments were tested. While
activation behavior remains similar to conventional devices, these fab-
rication approaches enable creation of activated PLTs with an initial
switched-on state that could serve as simple oxygen detectors, for ex-
ample, in vacuum packaging integrity monitoring.

[1] Thomas, H. et al. Adv. Mater. 36, 2310674 (2024).

[2] Tsiko, U., et al. Commun Chem 8, 274 (2025).

CPP 29.4 Tue 14:45 ZEU/0255
Solution to the current paradox of anomalous underscreen-
ing in electrolytes — eEsTHER OHNESORGE, THoOMAS TILGER,
Micuaris TsiNTsaRrls, HAYDEN RoOBERTsON, and REGINE voN KL-
ITZING — Department of Physics, Technische Universitdt Darmstadt,
Darmstadt, 64289, Germany

Since colloidal dispersions have a significant importance in our daily
life, it is of special interest to get a deeper understanding of which
interfacial forces govern their stability and how this stability can be
tailored.

For aqueous electrolyte solutions, DLVO theory is a powerful and
well-established framework to describe these interactions at low and
intermediate ionic strengths. In contrast, the situation at high ionic
strength is less understood and the main methods for direct force mea-
surements give inconsistent results. Whilst the surface force appara-
tus (SFA) provides clear evidence for a re-entrance of repulsion in
the highly concentrated regime (termed underscreening) for a wide
range of different electrolytes [1], similar observations were not possi-
ble with the atomic force microscope (AFM) to date [2]. In this pre-
sentation we will examine the reason of these fundamental differences.
Specifically, in an attempt to explore experimental screening lengths
across a wide suite of electrolyte concentrations, we demonstrate
the experimental parameters dominating the occurrence of anoma-
lous underscreening and a comprehensive understanding of this long-
debated phenomenon. [1] DOI: 10.1103/PhysRevLett.119.026002 [2]
DOI: 10.1016/j.jcis.2022.05.004

CPP 29.5 Tue 15:00 ZEU/0255
Thermal properties of a knotted diblock copolymer ring —
eNEpA ABBAsI TakriMil, FrRanco FErRRARI!, MARCIN RaposLaw
Piatek?!, and Luca TuBiana2 — lInstitute of Physics, University of
Szczecin, Wielkopolskal5, 70-451 Szczecin, Poland — 2INFN-TIFPA,
Trento Institute for Fundamental Physics and Applications, Via Som-
marive 14, I-38123 Trento, Italy

The phase transitions and geometrical properties of diblock copoly-
mers have been studied extensively; however, few studies have ad-
dressed knotted structures under varying monomer distributions and
solvent quality. Here, we present a computational study of how topo-
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logical constraints and block lengths affect the behavior of a single
diblock copolymer ring. We used the Wang-Landau Monte Carlo al-
gorithm and a coarse-grained model on a simple cubic lattice with an
implicit solvent to explore thermal and structural properties. In the
AB model, A-type monomers are self-repulsive, B-type monomers are
self-attractive, and AB interactions are neutral; the solvent is good for
A-type and poor for B-type monomers at low temperatures.

We computed key properties, including heat capacity, radius of gyra-
tion of individual blocks and the whole ring, number of contacts (AA,
BB, AB), and knot length. Our results reveal several phase transitions
for specific monomer distributions and topologies. Subtle changes in
monomer distribution lead to transitions between knotlocalization and
delocalization at low temperatures, driven by the competition between
entropic and energetic contributions to the free energy.

CPP 29.6 Tue 15:15 ZEU/0255
A Systematic Multiscale Study of Bio-Based Polymers for
Novel Food Packaging Systems — eANDONI UGARTEMENDIA,
ALESSANDRO Mossa, and GIiorciA BraNcoLINT — Institute of
Nanoscience, CNR-NANO S3, via G. Campi 213/A, 41125 Modena,
Italy

Recently, monolayer materials of bio-based polymers have gained in-
creased attention to develop more sustainable packaging systems.[1] In
this regard, rational in silico design has become essential to predict
novel polymers and reduce experimental workload. However, the com-
putational modeling of these materials poses a great challenge since
their dynamics span over different time scales.[2] To bypass this issue,
in this work we propose a modular multiscale computational protocol
to study linear polymers from ab initio to coarse grained (CG) dy-
namics. In the first part, we derive a full atomistic force field (FA-FF)
from DFT data and carry out FA-MD simulations for its validation. In
the second step, all structural properties are passed to a database to
parametrize a CG-FF with the iterative Boltzmann inversion (IBI).[3]
Lastly, large scale CG-MD simulations are run for a final validation
of the CG-FF. This methodology is applied first to PET, a polymer
widely used in the packaging industry, as well as to emerging bio-based
polymers such as PEF and PLLA.

[1] V. Guillard, et al., Front. Nutr., 2018, 5, 121. [2] R. B. Bird, R.
C. Armstrong, O. Hassager, Dynamics of Polymeric Liquids. Volume
1: Fluid Mechanics, 2nd ed. (Wiley-Interscience, United States, 1987).
[3] A.P. Lyubartsev, et al., J. Chem. Theory Comput. 2013, 9, 1512.

CPP 30: Complex Fluids, Colloids, Micelles and Vesicles |

Time: Tuesday 14:00-15:30

Invited Talk CPP 30.1 Tue 14:00 ZEU/0260
Solvent effects on amphiphile self-assembly in Deep Eutectic
Solvents — eKAREN EDLER — Centre for Analysis and Synthesis,
Chemistry Department, Lund University, Sweden

Deep eutectic solvents (DES) are mixtures of hydrogen bond donors
and acceptors that form strongly hydrogen-bonded room temperature
liquids. These mixtures are straightforward to prepare, using cheap,
bioderived components, with lower volatility than most organic sol-
vents, so are potential new green solvents for applications from drug
delivery to battery electrolytes. We are interested in micelle templat-
ing of inorganic nanomaterials and formulations for delivery of actives,
using these versatile solvents.

Changing the H-bonding components and their ratios alters the
physicochemical properties of DES, leading to changes in solubility
of other species in these solvents. This also alters the self-organisation
of surfactants in these mixtures. We have investigated how specific
DES components and their molar ratios impact upon solubility and
structuring in surfactant solutions, using small angle X-ray and neu-
tron scattering and rheology. Factors such as polarity, the presence
of water, and the intermolecular interactions, both between solvent
components and with the surfactant headgroups, play a role in the
size and morphology of the micelles formed. We aim to develop de-
sign rules for novel complex solutions with applications in templating,
rheology control and encapsulation using these interesting new solvent
systems.

CPP 30.2 Tue 14:30 ZEU/0260
Brick by Brick - Magnetic Particle Transport — eMARGARET
RosenBERG!, Jonas Bucasg?, CHRISTIAN JaNzEN?, Rico
HunnsTtock?, ARNO EnRESMANN?, and HarrmuT LOWEN!
IHeinrich-Heine University Diisseldorf, Universititsstrafe 1, 40225
Diisseldorf — 2Institute of Physics , University of Kassel, 34132 Kas-

sel

Facilitated by advances in particle synthesis, anisotropic and aniso-
metric magnetic micro- and nanoparticles have been intensely stud-
ied in recent years, as the particles’ lack of symmetry can give rise
to unique, tailor-able interactions. However, the modeling of off-
equilibrium processes in non-trivial magnetic landscapes is still rel-
atively under-explored. This contribution will seek to understand the
ratchet-like transport process of a magnetically coated polymer block
("brick”) across a stripe-patterned magnetic surface via a sequence of
time-dependent external magnetic fields, from a simulation perspec-
tive. In particular, we explore the rotational behavior unlocked by
the anisotropic particle shape, and discuss the connection to ongoing
experiments.

CPP 30.3 Tue 14:45 ZEU/0260

Role of acids in stabilizing Reverse Micelles: the case of Do-
decyl Sulfate — eQixuaN L1 and MARIALORE SuLprizl — Faculty of
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Physics and Astronomy, Ruhr-University Bochum

The anionic surfactant Sodium dodecyl sulfate (SDS) can form re-
verse micelles (RMs) in two non-miscible components above the crit-
ical micelle concentration [1]. Although the RMs in salt or alkali so-
lution has been investigated in previous studies [2,3], less is known on
the working mechanism of acids in SDS RMs. Here, we employ all-
atom (AA) and coarse-grained (CG) molecular dynamics to investigate
the effects of chloroauric acid (HAuCl4), fluoroboric acid (HBF4) and
phosphoric acid (H3PO4) solutions on the stability of the RMs through
spontaneous self-assembly in toluene. We find that investigated acids
can stabilize micellar structure, particularly H3PO4 due to the sta-
ble hydrogen-bonds it forms with the SDS headgroups. In addition,
HAuCl4 can significantly influence micelle shape because of its strong
polarizability at the water-toluene interface, while HBF4 causes the
highest interfacial tension as a result of its significant hydrophilicity.
Moreover, scission free energy calculations from CG simulations [4,5]
reveal important differences, which along with the viscosity can ex-
plain how different acids affect the size of RMs. Our findings can help
to rationalize the impact of different acids on the RMs stability and
morphology and, in turn, on the metallic nanoparticles synthesis where
the RMs are used as nanoreactors.

CPP 30.4 Tue 15:00 ZEU/0260
Microsecond-Resolved Tracking of Ultrasound-Responsive
Colloids: From Rigid Silica Probes to Acousto-Responsive
Microgels — Parsa Kassarvyan, REGINE voN KLITzING, and e AMIN
RanimMzAaDEH — Technische Universitdt Darmstadt, Hochschulstrasse
8, 64289 Darmstadt, Germany

Dynamic Light Scattering (DLS) is a powerful tool for characteriz-
ing dispersed particles, providing access to their size, size distribution,
and dynamical behavior. Here, we integrate high-frequency ultrasound
excitation into a conventional DLS setup to resolve the microsecond-
scale motion of colloidal particles subjected to intense acoustic fields.
This enables simultaneous extraction of particle size and ultrasound-
induced oscillation parameters such as vibration frequency, amplitude,
and acoustic response, through analysis of the scattered-light intensity
correlation function. Compact silica particles serve as robust reference
probes: their size remains unaffected by ultrasound, allowing us to map
local acoustic energy dissipation by tracking their oscillatory motion
at varying distances from the ultrasound source. Building on this ref-
erence system, we investigate acousto-responsive PNIPAM microgels.
We find that microgels undergo a pronounced ultrasound-induced vol-
ume phase transition, shrinking due to rapid dehydration driven by
absorption of high-frequency acoustic energy. Our approach thus pro-
vides both microsecond-resolved characterization of particle dynamics
and a direct pathway to understanding, and exploiting, the acousto-
responsiveness of microgels.

CPP 30.5 Tue 15:15 ZEU/0260
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Influence of End Groups on the Aggregation of Polymers:
A Neutron Scattering Study — eJoNATHAN LINUS SAMUEL
GarTHED2, SyvaiN PrEvosT?, and MarTHIAS KARG! — 1Physical
Chemistry of Functional Polymers, Martin Luther University Halle-
Wittenberg, Halle (Saale), Germany — 2Physical Chemistry: Col-
loids and Nanooptics, Heinrich Heine University Diisseldorf, Diissel-
dorf, Germany — S3Large Scale Structures, Institut Laue-Langevin,
Grenoble, France

The solution structure of polymers depends strongly on polymer con-
centration, solvent quality, and molecular weight. Additionally the
nature of chemically different terminal groups influences the phase be-
havior of polymers with strong differences depending on the average

chain length. We investigated the solution behavior and the occur-
rence of micelle-like structures for (semi)-dilute solutions. We synthe-
sized PNIPAM homopolymers that are hydrophobically terminated.
Via aminolysis we also cleaved the hydrophobic end groups allowing
for direct comparison of the same homopolymers with and without
hydrophobic end group. Small-angle neutron scattering was used to
study the structure of the polymers in solution. Our studies demon-
strated that a subdominant micelle formation occurs for samples with
molecular weights below 100 kDa. The aggregation number of these
micelles scales inverse with the molecular weight. At low concentra-
tions, these micelles exist as individual structures. Upon increasing
the concentration micelles aggregate, leading to a distinct structure
factor contribution in the scattering profile.

CPP 31: Responsive and Adaptive Systems

Time: Wednesday 9:30-11:30

Invited Talk CPP 31.1 Wed 9:30 ZEU/0255
Hydrogels with a Pinch of Embodied Intelligence — e ANDREAS
‘WaLTHER — Department Chemie, JGU Mainz

Smart is good, but intelligent is better. The next frontier in soft matter
research is to design life-like materials with embodied intelligence, fea-
turing the integrated sensor-processor-actuator paradigm. Our work
explores how hydrogels and soft robotic systems can be endowed with
autonomous operation and decision-making capacity by embedding
chemical reaction networks, enzymatic feedback loops, and mechan-
ical gating principles. Such metagels and metamaterials are capable of
self-strengthening behavior, strain-gated responses, and non-reciprocal
motion, moving far beyond the limits of traditional responsive materi-
als. By intertwining chemical, mechanical, and structural information,
these systems provide a blueprint for programmable, adaptive matter
that approaches the complexity and functionality of biological tissues.

CPP 31.2 Wed 10:00 ZEU/0255
Secondary crosslinking of thermoresponsive microgels for
smart microgel-based membranes — eJonas Runce!:?, STE-
FANIE UREDAT!2, ApiTi Guiare!2, DomeNIcO TRuUZZOLILLOZ, JuU-
L1aN OBERDIsSEZ, and THomas HELLweG! — ! Physical and Biophys-
ical Chemistry, Bielefeld University, Germany — 2Laboratoire Charles
Coulomb, Université Montpellier, France

Responsive microgels are crosslinked polymer networks of colloidal size,
which undergo a so-called volume phase transition induced by a certain
stimulus like e.g. temperature or pH. Temperature sensitive microgels
undergo a strong decrease in size at the volume phase transition tem-
perature (VPTT). Smart membranes are based on responsive polymers
and allow to open pores triggered by an external stimulus [1]. Our
project on smart microgel-based membranes (SmartBRANE) aims to
incorporate an UV-crosslinker and form membranes by activating the
UV-crosslinker [2|. The working temperature of low-temperature fuel
cells is in the range of 80-100 °C. Since the VPTT of common acry-
lamides is close to the physiological temperature, we synthesized a
hydrophilic acrylamide monomer (NIPMAMol) with an extrapolated
VPTT of 85°C. In this work, we copolymerize NIPMAMol with NI-
PAM and the UV-crosslinker HMABP to increase the VPTT of the
then formed membrane. The thermoresponsive properties of the micro-
gels are characterized with PCS. The distribution of the UV-crosslinker
within the microgels particles and the formed membrane is investigated
with contrast-matching SANS experiments. [1]Runge,Gujare,Uredat,
PCCP, 2024, 26, 2732.[2|Dirksen, RSC Advances, 2021, 11(36), 22014.

CPP 31.3 Wed 10:15 ZEU/0255
Photoresponsive Control of Fullerene Diffusion in Azo-BT
Nanotraps — DmiTry A. RyNpyk!? and eOLca Guskoval — HIPF
Dresden, Dresden, Germany — 2TU Dresden, Dresden, Germany

We present a light-switchable azobenzene-bithiophene (Azo-BT) self-
assembled monolayer (SAM) on Au(111) that operates as a reversible
nanotrap for C60. Using density-functional theory and QM molecular
dynamics, we quantify C60 adsorption on planar layers and diffusion
on the SAM and within a fixed 12 A slit-like pore. Direct adsorp-
tion on the cis layer is about twice as favorable as on the trans layer
due to stronger dispersion interactions with exposed thiophene rings,
whereas the densely packed trans layer presents mainly hydrogen con-
tacts and weaker binding. In the slit geometry, the trans (and mixed)
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layers provide an open pore that captures C60, while photoisomeriza-
tion to cis closes the slit and prevents release. Diffusion analysis shows
that specific interaction sites along the slit walls and the effective de-
gree of confinement - arising from local potential variations within
the fixed 12 A slit - govern diffusion pathways and escape barriers.
External electric fields or charging of the Au/Azo-BT/C60 complex
enable active expulsion, offering design principles for light- and field-
responsive nanocarbon trapping interfaces. The financial support from
DFG (grant number 509039598) is highly appreciated.

CPP 31.4 Wed 10:30 ZEU/0255
Reversible Photoswitching of Arylazopyrazole-functionalized
Polyacrylamide Thin Films under Water Vapor — eDaviD
P. Kossann!, Morcan P. LE Duv!, Smmon A. WEGENER!,
Frrrel ZuenG?, RoBerr CuBITT?, RENE STEINBRECHER?, ANDRE
LascHEWsSKY4®, CHRISTINE M. Papapaxis?, and PETER MULLER-
BuscuBauM! — 1TUM School of Natural Sciences, Chair for Func-
tional Materials, Garching, Germany — 2TUM School of Natural Sci-
ences, Soft Matter Physics Group, Garching, Germany — 3Institut
Laue-Langevin, Grenoble, France — *Institut fiir Chemie, Universitét
Potsdam, Potsdam-Golm, Germany — °Fraunhofer Institut fiir Ange-
wandte Polymerforschung, Potsdam-Golm, Germany

This study investigates the swelling behavior of p(AAPEAm-co-
DMAm) films in both isomeric states of the novel photoswitchable
molecule arylazopyrazole (AAP). The impact of reversible switching
using two different wavelengths on swelling of the polymer in water
vapor is examined, with the aim of controlling water uptake, expan-
sion, and nanoscale morphology. This material shows potential for
applications in reversible light sensors, photo-actuators, and drug de-
livery systems. We use time-resolved FTIR spectroscopy to monitor
group vibrations during switching, gaining insights into molecular in-
teractions throughout the isomerization processes. Additionally, in situ
time-of-flight neutron reflectometry on a thin film provides time- and
depth-resolved data on the water distribution along the surface nor-
mal. The results shed light on the influence of arylazopyrazole moieties
on the polymer’s microscopic properties.

CPP 31.5 Wed 10:45 ZEU/0255
Modeling the Viscoplastic Deformation of Azopolymers Un-
der the Influence of Structured Light — eNikorLAl LIUBIMTSEV
and MARINA SAPHIANNIKOVA — Leibniz Institute of Polymer Research
Dresden, Germany

A distinctive feature of side-chain azopolymers is their ability to con-
vert structured light into a well-defined stress field [1]. This field results
from the alignment and elongation of polymer backbones along the
light-polarization direction, which acts as a nematic director. Linearly
or elliptically polarized irradiation induces uniaxial or biaxial chain
orientation, and the stress tensor is proportional to the rate of change
of the second-order orientation tensor, predicted from the spatial dis-
tribution of light intensity and polarization [1]. Using viscoplastic
photoalignment modeling, we achieve excellent agreement with exper-
imentally observed reshaping of azopolymer microstructures. Three-
dimensional light fields - such as tightly focused Gaussian beams or
g-plate patterns - produce directional photodeformations. These fields
are incorporated into ANSYS either analytically or by directly map-
ping intensity, polarization, and ellipticity at each material point, the
latter being especially useful for arbitrary SLM-generated patterns. Fi-
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nancial support from DFG grant GR 3725/10-1 is gratefully acknowl-
edged.

References: [1] I. K. Januariyasa, F. Reda, N. Liubimtsev, et al.,
Stress-driven photo-reconfiguration of surface microstructures with
vectorial light fields, arXiv:2506.06857 (2025), accepted for publica-
tion in Light: Science and Applications.

CPP 31.6 Wed 11:00 ZEU/0255
Impact of surface chemistry on the adsorption and dy-
namics of stimuli-responsive polymers — BapTisTE CHABAUD!,
WancHuNG Cuiang!, LioNEL Burreau!, RALF RIcHTER?, RACHEL
Avzgry!, DeLpHINE DEBARRE!, and eGaALINA DUBACHEVA!
I Université Grenoble Alpes, Grenoble, France — 2University of Leeds,

Leeds, UK

Stimuli-responsive polymers at interfaces underpin smart coatings, sen-
sors and bioinspired materials, yet how surface chemistry controls their
binding and dynamics remains poorly understood. We probe the inter-
facial behavior of redox- and thermosensitive polymers on well-defined
model surfaces using QCM-D, SPR, ellipsometry, electrochemistry and
fluorescence microscopy. For redox-active host/guest systems, we show
that grafting strategy, linker flexibility and host/guest density govern
the stability, specificity and reversibility of polymer assemblies. Ki-
netic analysis further reveals that small changes in surface chemistry,
such as linker design or dilution with inert molecules, strongly tune
multivalent superselectivity, enabling sharp discrimination of recep-
tor densities. Using supported lipid bilayers as fluid interfaces, we
correlate lateral mobility with contraction, dehydration and 2D ag-
gregation of thermoresponsive polymer brushes. Overall, we identify
interfacial density, mobility and flexibility as key parameters for con-
trolling stimuli-responsive polymer assemblies and outline design rules

for supramolecular and bio-inspired systems with high specificity and
precision.

CPP 31.7 Wed 11:15 ZEU/0255
Modeling of magnetic hysteresis in magneto-active elas-
tomers ePawaN Parer!2, Dirk Rowmeis!, and MARINA
SAPHIANNIKOVAL2 — 1Leibniz-Institut fiir Polymerforschung Dresden
e.V, Hohe Strafie 6, 01069, Dresden, Germany — 2Faculty of Mechani-
cal Science and Engineering, Dresden University of Technology, 01062,

Dresden, Germany

Magneto-active elastomers (MAESs) are soft polymer composites con-
taining magnetizable microparticles. MAEs exhibit field-dependent
mechanical and magnetic properties. When subjected to an exter-
nal magnetic field, MAEs display magneto-mechanical coupling effects
such as tunable stiffness and reversible shape changes. This study
presents a multiscale theoretical model to describe the magnetic hys-
teresis behavior of MAEs, focusing on the role of microstructure evolu-
tion during magnetization and demagnetization of microparticles. The
total energy of the system is formulated as the sum of magnetic and
micromechanical contributions, while macroscopic deformation of the
cylindrical sample is constrained. The model incorporates both pure
dipole—dipole interactions and near field effect to account for multipole
higher-order particle interactions. The results reveal that magnetic
hysteresis in soft magnetic MAEs arises primarily from microstruc-
tural rearrangements, where the spatial configuration of particles dif-
fers between increasing and decreasing magnetic fields. Simulations
demonstrate that parameters such as particle volume fraction, sam-
ple geometry, and micromechanical stiffness significantly influence the
hysteresis loop width.

CPP 32: Focus Session: Water — from Atmosphere to Space IV (joint session CPP /DY)

Time: Wednesday 9:30-10:45

Topical Talk CPP 32.1 Wed 9:30 ZEU/0260
Synchrotron X-Ray Studies on Structural Transitions in Wa-
ter and Alcohol containing Ice Analogues — eCHRISTINA M.
ToNAUER — Institute of Physical Chemistry, University of Innsbruck,
Austria — Deutsches Elektronen-Synchrotron DESY, 22607 Hamburg,
Germany

To this date, 21 different crystalline and at least 3 distinct amorphous
forms of water ice have been discovered. In addition to the structural
versatility of pure water ice phases, water forms solid guest-host sys-
tems, so-called ’clathrate hydrates’ where water builds cage-like struc-
tures around guest molecules of various sizes (e.g., Ar, CO2, methane,
ethanol).

Ices in space are exposed to various forms of (external) stress, e.g.,
impacts, cosmic rays, UV /Vis radiation as well as endogenous ther-
mal fluctuations, thereby undergoing structural changes. By studying
such structural transitions in ice analogues upon heating (and/or ra-
diation), conclusions can be drawn about the conditions at various
extraterrestrial environments.

Therefore, we here present temperature-resolved wide- and small-
angle synchrotron X-ray scattering data of vapor-deposited water-
ethanol mixtures of various concentrations, collected at PETRA
3/DESY. While the SAXS data allows for monitoring of changes of
the morphology of the microporous sample, the WAXS data reveals
the formation sequence of two different hydrates, offering new insights
into the crystallisation of astrophysical ices.

CPP 32.2 Wed 10:00 ZEU/0260
Water in exoplanetary atmospheres: from molecular spec-
tra to Water Worlds — eSERGEY YURCHENKO — Department of
Physics and Astronomy, University College London, Gower Street,
WCI1E 6BT London, United Kingdom

Water vapour is one of the key tracers of atmospheric physics and
chemistry on exoplanets, from hot Jupiters to temperate sub-Neptunes
and so-called Water Worlds. In this contribution I will give an overview
of the role of HoO across this diversity of atmospheres, focusing on how
we infer its presence from transmission and emission spectra. I will
review both low-resolution transit spectroscopy and high-resolution
cross-correlation techniques, and show how they are applied to data
from space- and ground-based facilities, including JWST, Hubble and
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VLT, as well as future observations with the ELT and ESA’s Ariel
mission. Special emphasis will be placed on the way clouds and hazes
imprint themselves on the observed spectra.

I will summarise the current observational status of water detec-
tions and non-detections — including recent and sometimes controver-
sial claims for habitable-zone planets. A central theme of the talk will
be the importance of accurate laboratory and theoretical data for wa-
ter and related species. I will highlight how comprehensive molecular
line lists and cross sections from the ExoMol and HITRAN databases,
together with other laboratory measurements, underpin the modelling
and retrieval of exoplanet spectra over a wide range of temperatures,
pressures and compositions, thereby linking detailed molecular physics
to the emerging picture of water in exoplanetary atmospheres.

CPP 32.3 Wed 10:15 ZEU/0260
Structures of Ices by Quantum Crystallography and PDF —
KrzyszTor Wozniak!, eW. StawiNskil, G. bacr?, R. Gaipal,
M. Cuopkiewicz!, P. RreinumarpT!, M. ARHANGELSKIS!, CH.
RipLEY®?, and C. L. BurrL?® — 1Deptm. of Chem., Univ. of War-
saw,Poland — 2Deptm. of Phys., Univ. of Warsaw, Poland — 3ISIS
Neutron and Muon Source, STFC, RAL, Harwell Campus, UK. —
4Spallation Neutron Source, Oak Ridge Nat. Lab., Oak Ridge, Ten-
nessee 37830, USA — 5Univ. of Edinburgh, UK.

Ice is the solid form of water (H*O). The most familiar form of ice is
the hexagonally structured ice Ih. However, water can crystallize into
at least 21 distinct phases, unique in structure, depending on T and
P and route of formation. In this contribution, will present details
of structures of ices (VI[3], VII|[1,2], Ih [4]) obtained with quantum-
crystallographic Hirshfeld Atom Refinement against single crystal X-
ray and electron diffraction data. We will also present the first quan-
titative characterisation of disorder in D20 ice VII and VI obtained
through a combination of Pair Distribution Function (PDF) analysis,
Reverse Monte Carlo (RMC) modelling, and high-pressure neutron
scattering. Our results provide a detailed decomposition of both the
average and local atomic structures of Ice VII, revealing a previously
unquantified level of structural disorder. References [1] R. Gajda et
al., IUCRJ, 12(3) (2025) 288-294; [2] W. A. Stawinski et al., Hidden
complexity in D20 Ice VII, Acta Mat., (2025) submitted; [3] M. L.
Chodkiewicz et al., IUCRJ, 9 (2022) 573-579; [4] M. L. Chodkiewicz
et al., IUCRJ, 11(5) (2024) 730-736.
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CPP 32.4 Wed 10:30 ZEU/0260
Water dynamics in conductive PEDOT:PSS/cellulose
nanocomposite films in dependence of relative humidity and
temperature — eLucas KrReuzer!, MARIE BETKER?, MARCELL
Worr!, JacQuEs OLLIVIER?, DANIEL SODERBERG?, and STEPHAN V.
Rorn?* — 1Heinz Maier-Leibnitz Zentrum (MLZ), TUM, Garching,
Germany — 2Deutsches Elektronen Synchrotron, Hamburg, Germany
— 3Institut Laue-Langevin, Grenoble, France — *Department of En-
gineering Mechanics, Royal Institute of Technology KTH, Stockholm,
Sweden

PEDOT:PSS is a conductive and water-soluble polymer blend widely

used in organic electronics. However, pure PEDOT:PSS films absorb
significant amounts of water, causing swelling, degradation, and even-

tually a decrease in conductivity. Integrating PEDOT:PSS with cel-
lulose nanofibrils (CNFs) overcomes these issues by limiting water ab-
sorption and enhancing mechanical stability. However, a minor amount
of water is still absorbed, leading to a change in film morphology: high
humidity induces de-wetting of PEDOT:PSS from the CNFs, reducing
conductivity, whereas drying generally leads to a re-wetting of PE-
DOT:PSS, thereby restoring conductivity. To investigate further the
role of water, quasi-elastic neutron scattering is applied, which reveals
two water species in the films: mobile bulk water and slower hydra-
tion water. Upon drying, bulk water is released completely, while
hydration water remains in the films, supporting the re-wetting of PE-
DOT:PSS. Moreover, at higher temperatures, different diffusive behav-
ior was found for bulk and hydration water.

CPP 33: Complex Fluids, Colloids, Micelles and Vesicles Il

Time: Wednesday 10:00-11:15

Invited Talk CPP 33.1 Wed 10:00 ZEU/LICH
Shape-induced superstructure formation in concentrated fer-
rofluids — eSABRINA DiscH — University of Duisburg-Essen, Essen,
Germany

The response of magnetic nanoparticles to applied static and dy-
namic magnetic fields is the subject of intense research in view of
its fundamental technological importance [1]. The field-assisted self-
organization of shape-anisotropic nanoparticles in dispersions is par-
ticularly desired for liquid crystalline or optically anisotropic materials
and as a prerequisite for self-organization into long range ordered ar-
rangements [2]. A strong structure-directing influence of the particle
shape on the symmetry of mesocrystalline arrangements has been es-
tablished for nanocubes with a varying degree of cubicity [3].

In this contribution, we give a detailed account on the impact of
nanoparticle shape and size on the interparticle correlations in col-
loidal dispersions of maghemite nanoparticles. Despite the similar par-
ticle size, magnetic moment, and volume concentration (>5 vol-%), we
observe a significantly distinct aggregation behavior of nanospheres
and nanocubes using small-angle neutron scattering [4]. The field-
dependent arrangement of cuboidal nanoparticles into mesocrystalline
assemblies and their geometric orientation will be discussed as observed
by field-dependent small-angle scattering experiments.

[1] Q. A. Pankhurst et al., J. Phys. D: Appl. Phys. 36, R167 (2003).

[2] S. Disch, E. Wetterskog et al., Nano Letters 11, 1651 (2011).

[3] E. Wetterskog, S. Disch et al., Nanoscale 8, 15571 (2016).

[4] P. Bender, S. Disch et al., J. Appl. Cryst. 55, 1613 (2022).

CPP 33.2 Wed 10:30 ZEU/LICH
Modeling artificial cells to control the local chemical environ-
ment — eNiLs GOTH and JoacHiM DzuBIiELLA — Applied Theoret-
ical Physics—Computational Physics, Physikalisches Institut, Albert-
Ludwigs-Universitat Freiburg, 79104 Freiburg, Germany

Living cells change and respond to their environment. Synthesized
artificial cells (hollow microgels) show in experiments pH-responsive
behavior by a pH-dependent membrane permeability and change their
pH-environment by a chemical reaction [1]. Here, we report a simple
model for such artificial cells based on the feedback mechanism be-
tween permeability and pH. We introduce the model on the basis of
recent experiments [1] and study the effects of experimentally tunable
parameters. The model captures not only the effects observed in the
experiments, but further predicts the behavior of mixtures of two dif-
ferent kinds of artificial cells. Thus, we provide guidance for future
experiments in the field of collective behavior of artificial cells.
[1] Krehan et al., Chem 11, 102409 (2024).

CPP 33.3 Wed 10:45 ZEU/LICH
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Evaporation-driven assembly of colloidal monolayers and
multilayers — eQingguane Xie! and Jens Harring!:?
IHelmholtz-Institut Erlangen-Niirnberg for Renewable Energy (IET-
2), Forschungszentrum Jiilich, Erlangen, Germany — 2Friedrich-
Alexander-Universitat Erlangen-Niirnberg, Erlangen, Germany

Drying of colloidal suspension films is a common approach to syn-
thesize colloidal monolayers and multilayers for applications such as
photovoltaics and catalysis. The fundamental understanding of the
complex processes involved in film drying is essential for controlling
and optimizing the deposition structure. We numerically investigate
the drying dynamics of both thin and thick colloidal suspension films.
For thin films, we focus on the influence of substrate and particle wet-
tability on assembled monolayers. High substrate wettability promotes
hexagonally packed monolayers, while low wettability leads to droplet
formation and particle clustering. Furthermore, we reveal that higher
particle wettability can mitigate the impact of substrate wettability
and facilitate the formation of highly ordered monolayers. We propose
theoretical models predicting the surface coverage fraction dependent
on particle volume fraction, initial film thickness, particle radius, as
well as substrate and particle wettability, and validate these models
with simulations. In a further step, we investigate the drying of thick
films with different particle-particle interactions. Weak interactions
led to densely packed structures, while strong interactions led to more
porous structures due to aggregation.

CPP 33.4 Wed 11:00 ZEU/LICH
Microscopic liquid marbles for force sensing using AFM
— eTomas P. CorraLes!, CoNsTaNzA RODRIGUEz!, CATALINA
NavarreTE!, Dieco CorrEs?, MicHAEL KaPpL2, and Syus Fusi3
— 1Universidad Tecnica Federico Santa Maria — 2Max-Planck-
Institut fiir Polymerforschung, Mainz, Germany — 3Osaka Institute

of Technology, Osaka, Japan

An AFM cantilever is an exceptional tool for measuring friction and
adhesion forces at the nanoscale. We have recently shown the possi-
bility of fixing microscopic liquid droplets on the end of a tipless AFM
cantilever, which was used to measure friction forces of a Teflon sur-
face (D. Cortes et al., Physical Review Letters 135, 048203, 2025).
In this new work, we have set out to extend this approach by fixing
microscopic liquid marbles at the end of an AFM cantilever. Liquid
marbles are prepared from hydrophobic nanoparticles of CaCO3. We
first spray a mixture of water glycerol over a powder of these CaCO3
nanoparticles, which creates a collection of microscopic liquid mar-
bles. Afterwards, we attach these droplets to a hydrophobic tipless
AFM cantilever with a hydrophilic sticky point. With this system we
explore liquid marble friction, adhesion and stability.
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CPP 34: Focus Session: Water — from Atmosphere to Space V (joint session CPP /DY)

Time: Wednesday 11:00-12:00

CPP 34.1 Wed 11:00 ZEU/0260
Scalable Machine Learning Model for Energy Decomposi-
tion Analysis in Aqueous Systems — eTHoMAs KUHNE — CA-
SUS/HZDR, Gorlitz, Germany

Energy decomposition analysis (EDA) based on absolutely localized
molecular orbitals provides detailed insights into intermolecular bond-
ing by decomposing the total molecular binding energy into physi-
cally meaningful components. Here, we develop a neural network EDA
model capable of predicting the electron delocalization energy compo-
nent of water molecules, which captures the stabilization arising from
charge transfer between occupied absolutely localized molecular or-
bitals of one molecule and the virtual orbitals of another. Exploiting
the locality assumption of the electronic structure, our model enables
accurate prediction of electron delocalization energies for molecular
systems far beyond the size accessible to conventional density func-
tional theory calculations, while maintaining its accuracy. We demon-
strate the applicability of our approach by modeling hydration effects
in large molecular complexes, specifically in metal-organic frameworks.

CPP 34.2 Wed 11:15 ZEU/0260
Advances in absolute-scale electronic structure measure-
ments of liquid water and aqueous solutions — eFLORIAN TRIN-
TER — Fritz-Haber-Institut, Berlin, Germany

Recent advances in liquid-jet photoelectron spectroscopy (LJ-PES)
have enabled the precise determination of absolute electronic energetics
of liquid water and aqueous solutions, both in the bulk and at inter-
faces. By implementing refined vacuum and Fermi-level referencing
procedures, rooted in condensed-matter concepts, vertical ionization
energies (VIEs) and solution work functions can now be measured with
high accuracy. We show that binding energy determinations near the
ionization threshold are strongly influenced by quasi elastic electron
scattering and indirect ionization processes. Vibrational excitation
and autoionization via super-excited states lead to spectral distortions
at electron kinetic energies below ~14 eV, necessitating careful data
interpretation to extract intrinsic properties. Applying these methods
to neat water and aqueous solutions of sodium iodide (Nal) and tetra-
butylammonium iodide (TBAI), we reveal solute-specific effects: Nal
primarily alters water’s bulk structure, increasing the 1bj binding en-
ergy with concentration, while TBAI affects surface potentials through
interfacial dipole formation, leading to an apparent binding energy de-
crease. Additionally, we determine the work function of neat water as
4.73 £ 0.09 eV and quantify its reduction in TBAI solutions. These
findings establish a framework for quantitative studies of molecular in-
teractions and electronic-structure modifications in aqueous systems,
with implications for electrochemical and interfacial science.

CPP 34.3 Wed 11:30 ZEU/0260
Liquid-vapor critical behavior of the TIP4P /2005 water
model: Effects of NaCl solutes and hydrophobic confinement

Location: ZEU /0260

— eMAvaNK SHARMA and PETER VIRNAU — Institute of Physics,
Johannes Gutenberg University Mainz, 55128 Mainz, Germany

The liquid-vapor critical behavior of water is strongly influenced by
both ionic solutes and confinement. Molecular dynamics simulations
of aqueous NaCl solutions using the TIP4P /2005 water model and the
Madrid-2019 ion parameters reveal a systematic increase in the liquid-
vapor critical temperature and pressure with salt concentration, consis-
tent with experimental trends. In contrast, confinement between par-
allel hydrophobic plates leads to a depression of the critical point. The
critical temperature was determined using the Binder cumulant cross-
ing in the NVT ensemble, based on a recently developed method origi-
nally applied to an active Brownian particle system [1]. The reliability
of this approach was verified through complementary NPT simulations
using histogram reweighting. We further demonstrate the pronounced
sensitivity of the estimated critical point to the van der Waals cutoff
distance, underscoring the importance of properly accounting for long-
range interactions. The present results capture qualitative shifts in the
critical point of water arising from ionic interactions and confinement,
and the Binder-cumulant framework used here is readily extendable to
other critical phenomena, including the putative liquid-liquid critical
point of water.
[1] J.T Siebert et al., Phys. Rev. E 98, 030601 (2018).

CPP 34.4 Wed 11:45 ZEU/0260
Cooperative molecular dynamics and nuclear quantum ef-
fects in bulk water — eMARGARITA RUssiNA — Helmholtz-Zentrum
Berlin for Materials and Energy, Berlin, Germany

The cooperative dynamics in water remain difficult to access due to
the lack of long-range order and the short lifetimes of molecular cor-
relations. Neutron scattering is well suited to probe such phenomena
on the nanoscale but has been hindered by the weak coherent signal
of H20. Using a novel neutron polarization-analysis approach, we di-
rectly measure the coherent scattering in H20 and D20 with high
accuracy [1]. Beyond self-diffusion and molecular rotation, we iden-
tify a picosecond cooperative process in liquid water, likely associated
with rearrangements of several neighboring molecules and the reor-
ganization of hydrogen bonds. This process may act as a precursor
to large-scale molecular transport. In the intermediate wave-vector
range Q < 1 I/A, the coherent signal in H20 is enhanced compared to
the expectation for rigid, noninteracting, randomly oriented molecules.
Since this Q-range corresponds to distances of several molecular spac-
ings, our results provide evidence that intermolecular correlations in
water extend beyond short-range correlations and involve more distant
neighbors, giving rise to cooperative dynamical fluctuations. Such an
enhancement can be rationalized by correlated preferential molecular
orientations, hydrogen-bond rearrangements, and nuclear quantum ef-
fects. In contrast, D20 follows a more hydrodynamic behavior consis-
tent with reported differences in the molecular bonding and symmetry
of H20 and D20. [1] M. Russina et al., J. Phys. Chem. Lett. (2025).

CPP 35: Glasses and Glass Transition (joint session DY /CPP)

Time: Wednesday 11:15-12:45

Invited Talk CPP 35.1 Wed 11:15 ZEU/0118
Topological defects in 2D amorphous ensembles — oPETER
KEeim — Heinrich-Heine-Universitat Diisseldorf

Topological defects are key to understand melting of crystals in two
dimensions. A dilute gas of bound thus virtual pairs of dislocations
cause the softening of a crystal in the vicinity of melting. If thermal
energy is high enough to unbind dislocation pairs, translational order
is destroyed and the crystal to melts due to the lack of shear resistance.
In an amorphous solid, the concept of topology seems useless for the
first glance due to the absence of order. Here, we discuss, how the def-
inition of virtual dislocations can be generalized for a two-dimensional
glass. Based on positional data of a binary colloidal monolayer we
determine the fugazity of generalized virtual dislocations and measure
elasticity close to the glass transition: Youngs modulus gets 167 at
melting in surprisingly close analogy to Kosterlitz-Thouless-Halperin-
Nelson-Young (KTHNY) - theory for melting of 2D crystals.
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CPP 35.2 Wed 11:45 ZEU/0118

Glass transition and universal scaling in ultra-low crosslinked

microgels — ALESSANDRO MARTINELLI!, RAJAM ELANCHELIYAN!,
ANDREA ScoTTi?, ALEXANDER V. PETRUNINS, eDOMENICO
TruzzoLiLLo!, and Luca CripeLLETTIV'® — lLaboratoire Charles

Coulomb (L2C), UMR 5221 CNRS-Université de Montpellier, F-34095
Montpellier,France — 2Division of Physical Chemistry, Lund Univer-
sity, SE-22100 Lund, Sweden — 3Institute of Physical Chemistry,
RWTH Aachen University, Landoltweg 2, 52074 Aachen,Germany —
4Institut Universitaire de France, F-75231 Paris, France

We investigate the glassy dynamics of Ultra-Low Crosslinked (ULC)
poly(N-isopropylacrylamide) (PNIPAM) microgels. The glass transi-
tion is reached by varying either the temperature (modulating microgel
swelling) or the colloidal number density. Our Dynamic Light Scatter-
ing (DLS) measurements confirm that the dynamic slowdown is solely
governed by the effective volume fraction (p), with ULC microgels
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behaving as fragile glass formers. Small-Angle X-ray Scattering data
further indicates that the center-to-center inter-microgel distance is
insensitive to temperature, scaling geometrically with mass fraction,
while the height of the first peak of the static structure factor de-
creases with increasing concentration, suggesting structural melting
above glass transition. We finally we report on the striking emergence
of a universal dynamic behavior for the relaxation time (7o) depen-
dence on the scattering vector (q) across the entire supercooled and
glass regimes, allowing the data to collapse onto a master curve, whose
features will be discussed.

CPP 35.3 Wed 12:00 ZEU/0118
Strain-rate dependent rheological memory in a model glass
former — eMonNoJ ADHIKARI and JORGEN HorBAcH — Institut fir
Theoretische Physik II: Weiche Materie, Heinrich-Heine-Universitéat
Diisseldorf, 40225 Diisseldorf, Germany

We investigate the shear response of deeply supercooled liquids far
below the mode coupling critical temperature of a model glass for-
mer. Our system is based on the Kob-Andersen binary Lennard-Jones
mixture (KABLJM) model but incorporates polydispersity, allowing
us to combine SWAP Monte Carlo (MC) with Molecular Dynamics
(MD) simulations. This hybrid approach enables equilibration at tem-
peratures far below the Mode-Coupling critical temperature, TnicT,
while maintaining an equation of state similar to the original binary
KABLJM model. We examine the response of these equilibrated sam-
ples to shear deformation at finite temperature and strain rate. By
combining MD with SWAP MC during shear, we demonstrate that
states with stress far below the yield stress can be accessed, making
Newtonian fluid behavior observable even at temperatures well below
Tvicr- To characterize the Newtonian fluid states obtained from this
hybrid approach, as well as the solid-like states from standard MD, we
employ a strain-rate switching protocol on the steady states. When
applying this protocol to the stationary states, we observe intriguing
memory effects. In the transient regime, stress overshoots appear when
increasing the strain rate, whereas a striking stress undershoot emerges
when decreasing it, mirroring recent experimental observations in poly-
mer glasses.

CPP 354 Wed 12:15 ZEU/0118
An Analytical Relation between Thermodynamics and Dy-
namics in a Trap-like Model of Supercooled Liquids — eSimoN
G. KeLLERS, ANsHUL D. S. PArRMAR, and ANDREAS HEUER — In-
stitute of Physical Chemistry, University of Miinster, Corrensstrafe
28/30, 48149 Miinster, Germany

Recent studies on 2D non-network glass formers, enabled by the
million-fold acceleration of Swap Monte Carlo, have revealed clear de-
viations from Gaussian behavior in the inherent-structure (IS) density
of states and linked these features to the fragile-to-strong crossover
(FSC) and the emergence of a low-energy depletion regime.

Here, we establish such a connection by introducing a direct ana-
lytical relation between thermodynamic PEL statistics and dynamical
properties within a trap-like description of supercooled liquids. We
illustrate this relation using a binomial distribution of IS states and
show that it naturally yields a characteristic trap size for polydisperse
systems. This trap size reflects the effective number of degrees of free-
dom that collectively determine the depth and barrier of a metabasin
participating in an activated relaxation event, thereby offering a phys-
ically transparent measure of cooperativity.

By combining this analytical framework with simulation data for a
polydisperse 2D glass former, we obtain a coherent and quantitatively
consistent landscape-based interpretation of the FSC.

[1] Andreas Heuer, J. Condens. Matter Phys. 2008, 20, 373101

[2] Anshul D. S. Parmar, Andreas Heuer, 2023 arXiv preprint
arXiv:2307.10143

CPP 35.5 Wed 12:30 ZEU/0118
Single particle vs. collective diffusion dynamics in a glass-
forming ternary Lennard-Jones mixture — eANNA Pini and
JURGEN HorBACH — Institut fiir Theoretische Physik II: Soft Mat-
ter, Heinrich Heine-Universitat Diisseldorf, Universitatsstrafie 1, 40225
Diisseldorf

Ternary fluid mixtures exhibit a rather complicated diffusion dynamics
compared to their binary counterparts. Apart from three self-diffusion
coefficient, there are three interdiffusion coefficients. In this work,
we study a ternary ABC Lennard-Jones mixture using molecular dy-
namics computer simulation. It is based on the Kob Andersen binary
Lennard-Jones mixture (KABLJM) [1] to which we have added a third
C component. While C-C and A-C interactions are respectively iden-
tical to A-A and A-B interactions, B-C interactions are different from
those between A and B particles. We study the glassy dynamics of
this system at a high density of p = 1.2 and compare it to that of
the original KABLM. While the self-diffusion coefficient show a sim-
ilar temperature dependence for the binary and the ternary system,
the behavior of the interdiffusion coefficients in the ternary system is
significantly different from that in the binary one; in particular, unlike
the binary system, the Darken equation does not hold in the ternary
one. [1] W. Kob and H. C. Andersen, Phys. Rev. Lett. 73, 1376
(1994).

CPP 36: Round Table Discussion: The Future of Neutrons in France and Germany (joint
session CPP/BP)

Organized by Benoit Coasne and Christine M. Papadakis.

Time: Wednesday 11:45-12:45

Discussion CPP 36.1 Wed 11:45 ZEU/LICH
Round Table: Novel Opportunities for France/Germany
Cooperation in Neutron Science — eJuLiAN OBERDISSE!,

eFRANK SCHREIBER?, ¢ ARNAUD DESMEDT®, eSTEPHAN FORSTER?,

eJAcQuUEs JESTIN®, ePascALE LauNois®, e CHRISTIAN PFLEIDERER?,
and eSaBrINA Discu® — !Laboratoire Charles Coulomb, U Montpel-
lier, France — 2Institut fiir Angewandte Physik, Universitat Tiibin-
gen, Germany — 3Laboratoire Léon Brillouin (LLB), Gif-sur-Yvette,
France, — 4Jiilich Centre for Neutron Science (JCNS), FZ Jiilich, Ger-
many — SInstitut Laue-Langevin (ILL), Grenoble — SLaboratoire de
Physique des Solides d’Orsay, France — ”Heinz Maier-Leibnitz Zen-
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trum (MLZ), Garching, German — 8University of Duisburg-Essen,
Germany

With current and upcoming major changes in European neutron sci-
ence and facilities, Germany and France are expected to play a strong
role. This emerging new landscape for neutron science offers opportu-
nities to reshape and reinvent the traditionally strong bonds between
our two countries — both in terms of science cooperation and technical
collaboration. The hosts Julian Oberdisse and Frank Schreiber look
forward to a diverse panel discussion with the directors of the French
and German neutron facilities as well as the chairs of the French and
German neutron associations.
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CPP 37: Hybrid, Organic and Perovskite Optoelectronics and Photovoltaics Il

Time: Wednesday 15:00-16:45

Invited Talk CPP 37.1 Wed 15:00 ZEU/LICH
Predicting molecular ordering in deposited molecular films
— eDENIs ApRrIENKO — Max Planck Institute for Polymer Research,
Mainz, Germany

Thin films of molecular materials are commonly employed in organic
light-emitting diodes, field-effect transistors, and solar cells. The mor-
phology of these organic films is shown to depend heavily on the pro-
cessing used during manufacturing, such as vapor co-deposition. How-
ever, the prediction of processing-dependent morphologies has until
now posed a significant challenge, particularly in cases where self-
assembly and ordering are involved. In this work, a method is devel-
oped based on coarse-graining that is capable of predicting molecular
ordering in vapor-deposited films of organic materials. The method
is tested on an extensive database of novel and known organic semi-
conductors. A good agreement between the anisotropy of the refrac-
tive indices of the simulated and experimental vapor-deposited films
suggests that the method is quantitative and can predict the molec-
ular orientations in organic films at an atomistic resolution [1]. The
methodology can be readily utilized for screening materials for organic
light-emitting diodes.

[1] C. Scherer, N. Kinaret, K.-H. Lin, M. N. Qaisrani, F. Post, F.
May, D. Andrienko, Adv. Energy Mater., 14, 2403124, 2024

CPP 37.2 Wed 15:30 ZEU/LICH
A Universal Soft Upper Limit to the Seebeck Coefficient
in Organic Thermoelectrics — eDOROTHEA SCHEUNEMANN',
ZeLonc Li12, DeNnNis DEREwJANKO!, YuqQian Liu2, MARTLN
KeMERINK!, and GuaNGzHENG Zuo? — !Heidelberg University, Ger-

many — 2Fudan University, Shanghai, P.R. China

Organic thermoelectrics have the potential to convert waste heat into
electricity by utilizing lightweight and flexible polymers. Despite over
a decade of intensive research, significant progress remains limited.
A key factor is the trade-off between conductivity (o) and Seebeck
coefficient (5), which dictates the extent to which the power factor
(PF = 05?) can be optimized. Here, we combine an experimental
data set for different polymers at variable doping levels to show that
the S vs. o curve is universal up to the maximum PF, followed by
a material-dependent roll-off, when S and o are normalized to their
values at maximum PF'. Furthermore, it is demonstrated that there
is a soft upper limit for S (~200uV/K), at which the optimal power
factor is achieved. Combining tight-binding and kinetic Monte-Carlo
modeling, we quantitatively explain this behavior in terms of quasi-free
charges moving in a renormalized density of states of Gaussian shape,
where the renormalization accounts for the screened interaction with
the ionized dopants. These findings suggest that the trade-off only
exists at the single-material level, which subsequently gives rise to
practical design rules.

CPP 37.3 Wed 15:45 ZEU/LICH
Nanoscale Dry-Processed Phosphorescent Films for Pro-
grammable Photonic Applications — eYana Bur THi, SEBAS-
TIAN SCHELLHAMMER, and SEBASTIAN REINEKE — Dresden Integrated
Center for Applied Physics and Photonic Materials (IAPP) and Insti-
tute of Applied Physics, Technische Universitat Dresden

Room-temperature phosphorescence (RTP) of organic materials pro-
vides a versatile basis for applications in environmental detection, secu-
rity features, and optical data storage. Many of these concepts, includ-
ing programmable luminescent tags (PLTs) [1], rely on precise control
of triplet states, which poses certain challenges in terms of stability and
processing. While polymer matrices are commonly used to suppress
non-radiative decay, their processing limitations have restricted the
miniaturization and control of devices. Here, we introduce ultrathin
RTP tags that are produced entirely solvent-free and use organic ma-
terials as active layer. These nm-sized stacks exhibit higher efficiency
and can be more than twenty times thinner than polymer-based struc-
tures. We characterize the resulting activation dynamics, stability, and
reusability and discuss how the processing enables improved unifor-
mity and the possible integration with structuring techniques. These
results demonstrate a path toward compact, low-energy, and precisely
controllable luminescent tags for future photonic technologies.

[1] Gmelch et.al. High-Speed and Continuous-Wave Programmable
Luminescent Tags Based on Exclusive Room Temperature Phospho-
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rescence (RTP). Adv Sci. 2021 (23):2102104.

CPP 37.4 Wed 16:00 ZEU/LICH
Probing the percolating charge transport network in organic
semiconductors by noise spectroscopy — eSEBASTIAN KLEIN,
Priva Vui, CoNsTANTIN ToORMANN, CLEMENS GOHLER, and MAR-
TIJN KEMERINK — IMSEAM, Heidelberg University, Germany

In disordered organic semiconductors (OSCs), a suppression of shot
noise is expected due to the internal charge carrier transport mecha-
nisms, which is relevant for, e.g., their application in photodetectors.
The charge transport in OSCs, which occurs by hopping between lo-
calized sites, can be described by percolation theory, from which it
follows that so-called hard hops form the bottleneck that charge car-
riers have to overcome to progress through the device. The tunneling
through one singular hard hop is a random uncorrelated poissonian
process which leads to OSCs displaying shot noise. Since multiple
hard hops sit in series in the charge transport path in macroscopic
OSCs, it is expected that shot noise in OSC is suppressed, inversely
proportional to the number of hard hops, which in turn depends on
disorder, temperature and thickness of the OSC. This suppression is
quantified by the Fano factor, which we directly measure by current
cross-correlation noise spectroscopy. Temperature- and current-bias-
dependent Fano factor measurement results are compared with kinetic
Monte Carlo simulations. From the measurements and simulations,
it can consistently be concluded that Fano factor measurements give
direct and otherwise inaccessible insight into the internal structure as
well as the disorder and correlation length of OSC.

CPP 37.5 Wed 16:15 ZEU/LICH
Charge transfer dynamics in PBDB-T blends studied by
time-resolved optical spectroscopy BeaTrRIZ MOLINARO
Guerral, FEpERIcO CILENTO?, MARIA Luiza MiraNDA Roccol,
and eWiBKE Bronscu? — lInstitute of Chemistry, Federal University
of Rio de Janeiro, 21941-909, Rio de Janeiro-RJ, Brazil — 2Elettra-

Sincrotrone Trieste S.C.p.A., 34149 Basovizza, Trieste, Italy

Charge transport processes in conjugated polymers are an important
key for the production of more efficient organic optoelectronic devices,
such as organic solar cells. Specially, the study of electron charge
transfer dynamics in excited states may help us to understand charge
transport properties in these materials. We studied the ultrafast re-
sponse of different blends of PBDB-T polymers with small molecules
after NIR excitation. Time-resolved optical spectroscopy measure-
ments with broad-band probe pulses performed in the T-ReX facility at
Elettra reveal clear changes in the ultrafast response when comparing
the results for the pure molecule films and the blends, suggesting that
charges are transferred between the two components of the blend on
the femto- to picosecond timescale. After exciting the HOMO-LUMO
transition of the ITIC molecule, the exciton population decay time
drastically reduces due to the presence of the PBDB-T polymer, while
the decay constant at photon energies in the range corresponding to
the PBDB-T HOMO-1-LUMO transition increases. This behavior in-
dicates hole injections in PBDB-T after primary excitation of ITIC, as
it was also discussed for PBBF:ITIC blends [1]. [1] Liu et al. Advanced
Science 6, 1802103 (2019).

CPP 37.6 Wed 16:30 ZEU/LICH
Analysis of Charge Carrier Dynamics in Organic Solar Cells
via Optical Impedance Spectroscopy — eELiAs WASSMER, JAN
PuiLip OrT, Brian Hinz, CLEMENS GOHLER, and MARTIN KE-
MERINK — IMSEAM, Heidelberg University, Germany

Understanding the complex dynamics of charge carriers in organic so-
lar cells (OSCs) is essential to identify the mechanisms that lead to
voltage, current and fill factor losses. In this work, we investigate
these dynamics by combining conventional electrical impedance spec-
troscopy (EIS) with the newly implemented optical impedance spec-
troscopy (OIS). In OIS, in addition to a constant background illumina-
tion, a small alternating light signal is applied to investigate the pho-
togenerated charge carriers under quasi-steady-state conditions. The
results of both EIS and OIS of PM6:Y6 OSCs across a range of oper-
ating conditions are used to compare the two methods and allow us to
track changes during device degradation. To interpret the measured
impedance spectra, two established models are applied: an equivalent-
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circuit model, which maps the behaviour of the OSC onto a network of
resistances and capacitances, and a rate-equation model that describes
carrier generation, recombination and extraction through differential
equations. Comparing these modelling approaches allows us to evalu-
ate how well the charge-carrier dynamics are captured by each model

and how this relates to the physical processes inside the OSCs. Our re-
sults show that the equivalent-circuit model is insufficient for describ-
ing OIS, indicating that a more physically motivated rate-equation
model is needed to reproduce photogenerated carrier dynamics.

CPP 38: Biopolymers, Biomaterials and Bioinspired Functional Materials | (joint session
CPP/BP)

Time: Wednesday 15:00-16:45

Invited Talk CPP 38.1 Wed 15:00 ZEU/0255
Engineering, processing and application of recombinant spi-
der silk proteins — eTHOMAS ScHEIBEL — Universitiat Bayreuth,
Lehrstuhl Biomaterialien, Prof.-Riidiger-Bormann-Str. 1, 95440
Bayreuth

Proteins reflect one fascinating class of natural polymers with huge
potential for technical as well as biomedical applications. One well-
known example is spider silk, a protein fiber with excellent mechanical
properties such as strength and toughness. We have developed biotech-
nological methods using bacteria as production hosts which produce
structural proteins mimicking the natural ones. We employ silk pro-
teins in application forms such as fibers, hydrogels, particles or films
with tailored properties, which can be employed especially for bioma-
terials applications. In case of implants or catheters cell adhesion plays
a crucial role for the overall function of the to-be-used material. To
change the properties of in-use polymers and to adopt their biocompat-
ibility, we established coatings based on engineered spider silk proteins.
Spider silk hydrogels can be employed as new bioinks for biofabrica-
tion. Their elastic behavior dominates over the viscous behavior over
the whole angular frequency range with a low viscosity flow behavior
and good form stability. Cell-loaded spider silk constructs can be eas-
ily printed without the need of additional cross-linkers or thickeners
for mechanical stabilization. Our bio-inspired approach serves as a
basis for new materials in a variety of medical, biological, or technical
applications.

CPP 38.2 Wed 15:30 ZEU/0255
Inferring Structure-Property Relationships with Artificial In-
telligence: A Lignin Case Study — eMaATTHIAS STOSIEK and
Parrick RINKE — Department of Physics, Atomistic Modelling Cen-
ter, Munich Data Science Institute, Technical University of Munich

The potential of lignin as an abundant, underutilized biopolymer is in-
creasingly being realized. A key challenge for the targeted production
of lignins remains the poorly understood relation between lignin prop-
erties and its complex structure. Artificial intelligence (AI) methods
could reveal such structure-function relationships but remain elusive
in biomaterials research.

95 structurally diverse lignins are extracted from birch wood com-
bining the Aqua Solv Omni (AqSO) biorefinery process and Al-guided
data acquisition [1, 2]. Each lignin sample is characterized with 2D
NMR spectroscopy and complemented with measurements of key lignin
properties such as antioxidant activity.

To establish structure-function relationships, we correlate regions of
the NMR spectra with corresponding property measurements. With
a feature importance analysis, we identify structural relevant features
for each property and provide a chemical interpretation. For instance,
we find that more §-O-4 bonds lead to lower surface tension in wa-
ter indicating a more linear lignin structure. Our structure-inference
approach is designed to be general and applicable to a wide range of
materials and characterization data.

[1] D. Diment et al., ChemSusChem, 202401711 (2024).
Alopaeus, M. Stosiek et al., Sci Data 12, 996 (2025).

[2] M.

CPP 38.3 Wed 15:45 ZEU/0255
A minimalist view on biopolymer phase separation and aging
— eJAasPER MICHELS — Max Planck Institute for Polymer Research,
Mainz, Germany

Phase separation of proteins is a ubiquitous process by which cells
regulate biological processes. In aberrant cases, such as encountered
in neurodegeneration, initially liquid condensates age to become more
solid-like. Understanding the interplay between phase separation and
aging seems essential in the development of new therapeutic strategies.
We apply minimal models that aim to capture the essence of biologi-
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cal transitions in terms of driving forces and thermodynamics. Models
discriminating between mono- and multivalent directed association on
the one hand and non-specific interactions on the other appear surpris-
ingly versatile in reproducing and predicting biopolymer phase behav-
ior, while at the same time providing essential mechanistic insight. We
will review our efforts, combining theory with experiments and demon-
strating how relatively simple descriptions can (re)produce complex
multi-component phase behavior. We will also present a dynamic ver-
sion of the model, which provides for a thermodynamically fully consis-
tent and intuitive description of the experimentally observed changes
in viscoelasticity during aging. Our calculations explain how the stick-
iness of the proteins changes with time and concentration and how
the coupling between association and solvation determines condensate
viscoelasticity.

CPP 38.4 Wed 16:00 ZEU/0255
Cellulose-colloid hybrid materials for refractive index tuning
— oSTEPHAN V. RoTH — Deutsches Elektronen-Synchrotron DESY,
Hamburg, Sweden — KTH Royal Institute of Technology, Stockholm,
Sweden

Cellulose nanofibrils (CNF) with tailored (negative) surface charge are
ideal for stable, nanoporous, structure-guiding network for thin film
composite materials. Colloid materials offer the possibility for tunable
structural colors, templates for metamaterials, and refractive index
tuning. Here, core-shell-colloids with a hydrophobic core and posi-
tively charged, hydrophilic shell are used as additive in CNF thin films
to tune their refractive index. The imbibition and self-assembly of
the colloids as a function of colloid diameter in the CNF network was
quantified, with colloids smaller than the pores in the CNF network
penetrating into the thin film. Subsequent heat treatment allows for
nanoscale composite formation on the level of the ~ 10 nm sized CNF
bundles, while humidity treatment homogenizes the colloid distribu-
tion. Furthermore, the influence of the colloid size on the CNF struc-
ture inside the thin film was investigated and related to the mechanical
properties of the colloid-CNF composite.

CPP 38.5 Wed 16:15 ZEU/0255
A universal material basis for biocompatible printed elec-
trolytes in Organic Electrochemical Transistors (OECTs) —
eMoRrITZ FLEMMING, PAUL ZECHEL, RAKESH NAIR, LAURA TEUERLE,
Hans KrLEEmANN, and KArRL LeEo — Institute of Applied Physics,
Technische Universitdt Dresden

Organic Electrochemical Transistors (OECTs) stand out for their inter-
play between ionic and electronic conduction, making them ideal ana-
logues to biological synapses for neuromorphic computing or biosen-
sors. Furthermore, they can be printed into integrated circuits on
flexible substrates, allowing for low-cost and high throughput fabrica-
tion of full electronic systems. However, most OECT electrolytes for
integrated circuits still lack biocompatibility and suffer from rheology-
related printing challenges. This talk presents a novel material basis
that can be combined with an ionic liquid to fabricate a biocompat-
ible electrolyte for OECTs. It allows rheological adjustments to en-
able the use of electrolyte in both inkjet and screen printing. Fur-
thermore, the electrolyte is UV-curable, enabling it to transition into
solid-state structures after printing. Extended ink and device lifetimes
for screen-printed structures enable the fabrication of state-of-the-art
OECTs that can operate in ambient air more than 30 days after fab-
rication. Ultimately, a fully biocompatible and screen-printed OECT
on a leaf substrate is demonstrated.

CPP 38.6 Wed 16:30 ZEU/0255

Nonequilibrium dynamics of the helix-coil transition in
polyalanine — eMaxiMILIAN CoNRaDI', FaBlo MULLER!, SumMAN
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MaJuMmpER2, and WoLFHARD JANKE! — lInstitut fiir Theoretische
Physik, Universitat Leipzig, IPF 231101, 04081 Leipzig, Germany —
2 Amity Institute of Applied Sciences, Amity University Uttar Pradesh,
Noida 201313, India

As a continuation of our previous work, the nonequilibrium pathways

of the collapse of the helix-forming biopolymer polyalanine are inves-
tigated in an explicit solvent. To this end, the full time evolution of
the helix-coil transition is simulated using molecular dynamics simula-
tions. We compare the phenomenology of the transition between the
two studies and investigate the dynamics.

CPP 39: French-German Session: Nanomaterials, Composites and Hybrids |

Time: Wednesday 15:00-16:45

Invited Talk CPP 39.1 Wed 15:00 ZEU/0260
A polarizable model for atomistic simulations of metals and
graphitic material/ liquid interfaces — Krisnan KaNnaryal,
Henprik HEeINz2, and eMARIALORE SurLpizi! — IDepartment of
Physics and Astronomy, Ruhr-University Bochum, Universitatsstrafe
150, 44801 Bochum, Germany — 2Department of Chemical and Bio-
logical Engineering, University of Colorado at Boulder, Boulder, CO
80301

Polarization significantly affects the interaction and adsorption energy
of molecules on metal surfaces. The ability to describe at a metal
surface the classical "image charge” potential is a direct result of its
polarizability, which needs to be modelled correctly to accurately sim-
ulate interfacial phenomena e.g. in electrochemistry or catalysis. Re-
cently, we have introduced a polarizable model for metals which per-
mits to describe also electrified interfaces. Here we extend the idea to
graphitic material introducing flexible dummy electrons to represent
the polarizable m-electron cloud. The model accurately predicts sur-
face and hydration energy, water contact angle as well as experimental
and DFT data on molecular adsorption on surfaces. A considerable
improvement is obtained in the prediction of water-graphite interfacial
friction, which is obtained at the level of electronic structure calcula-
tions.

CPP 39.2 Wed 15:30 ZEU/0260
Lamellar Domain Spacing of Copolymers with Nonlinear
Block Architectures — ANDRzE] GRzyB', JarRostaw S. Kros?,
Avkur ErBag®, MicHAEL Lanc?, and eJarostaw Parures! —
nstitute of Physics, University of Silesia, Katowice, Poland —
2Faculty of Physics, A. Mickiewicz University, Poznan, Poland —
3UNAM, Bilkent University, Ankara, Turkey — 4Leibniz-Institut fir
Polymerforschung Dresden e.V., Germany

Topological modification of block copolymer (BCP) conformations of-
fers a promising approach for developing self-assembled periodic nanos-
tructured materials with smaller domain sizes, which are essential for
a range of technological applications. Cyclic polymers, with their in-
herently more compact conformations, present an effective strategy for
achieving this miniaturization. In this work, through a combination of
analytical theory and coarse-grained molecular dynamics simulations,
we establish a relationship between different nonlinear topologies and
the corresponding domain size of lamella-forming BCPs. Our inves-
tigations includes BCP architectures with one or two cyclic segments
such as tadpoles, diblock and triblock 8-shaped polymers, and diblock
nonconcatenated and concatenated rings. We demonstrate that the
primary reduction in lamellar domain size is driven by the more com-
pact arrangement of monomers in the cyclic architectures, with an
additional contribution from the nonconcatenation of cyclic segments.
This is corroborated by theoretical predictions for both domain size
reduction and BCP conformations across different architectures.

CPP 39.3 Wed 15:45 ZEU/0260
Self-Healing Composite Structures for Aerospace Applica-
tions — eMEeRvVE OzkurLu DEMIREL!, Eray Kosturl:2, Yial-
TALP Okumus!, BiraL Artin!, MEeLm Seckin!, and Yanva Oz!
— ITurkish Aerospace, R&D and Advanced Technologies Directorate,
06980 Ankara, Turkiye — 2Cukurova University, Department of Me-

chanical Engineering, 01330 Adana, Turkiye

Self-healing composite structures offer a promising solution for enhanc-
ing durability and reducing maintenance costs in aerospace platforms.
In this study, a self-healing mechanism based on a microvascular chan-
nel network was developed. Composite laminates were fabricated using
carbon fabric and epoxy resin. Polyamide monofilaments with a diam-
eter of 450 um were integrated into a hand lay-up process by placing
them between composite layers. After curing, these fibers were re-
moved to create hollow channels. Various channel configurations were

57

Location: ZEU /0260

manufactured and evaluated through bending tests. 5-Ethylidene-2-
norbornene was selected as healing agent because its operating tem-
perature range is similar to flight temperature conditions. The heal-
ing agent was injected into the channels, while the Grubbs catalyst
that would start the polymerization reaction was uniformly dispersed
within the polymer matrix. Upon crack formation, the healing agent
is expected to flow into the damaged region and polymerize upon con-
tact with the catalyst, thereby filling the crack. Compact tension
tests were performed to analyse the healing performance. The results
demonstrated that the microvascular channel approach exhibits strong
potential for aerospace applications.

CPP 39.4 Wed 16:00 ZEU/0260
Increasing the Mechanical Stability of Carbon Nanomem-
branes Using a Holey Carbon Interlayer — eLuziE Lina HEIN-
RICHS, ZHEN YAO, YANG YaNnG, and ARMIN GOLZHAUSER — Faculty
of Physics, Bielefeld University, 33615 Bielefeld, Germany

Carbon nanomembranes (CNMs) are atomically thin, with sub-
nanometre pores that enable strong gas selectivity and fast, efficient
water transport. However, their limited mechanical robustness has
constrained their integration into practical filtration technologies.

In this study, we introduce a reinforced CNM architecture that in-
corporates an intermediate holey support layer. We fabricate and
compare single-layer, double-layer, and holey film reinforced composite
CNMs. Water permeation measurements using a cup test, combined
with nanoindentation characterisation, show that the reinforced archi-
tecture preserves high water permeability while markedly improving
mechanical stability. The effective Young’s modulus reaches ~25 GPa,
approximately five times higher than that of an unreinforced double
layer.

By combining mechanical robustness with efficient single-file wa-
ter transport and precise selectivity, the holey-layer-reinforced CNMs
provide a promising route toward real-world applications, especially in
seawater desalination.

CPP 39.5 Wed 16:15 ZEU/0260
Particle distribution and thermoresponsive properties of
PNIPAM brush/gold nanoparticle composite films — eELiAs
HaLLENBACH, MARVIN Grock, HAYDEN RoBERTSON, and REGINE
voN KrLiTtzING — TU Darmstadt, Institute for Condensed Matter
Physics, 64289 Darmstadt, Germany

Metal /polymer nanocomposites are versatile hybrid materials and find
use in many fields such as photonics, biomedical engineering and catal-
ysis. A promising realization of this type of hybrid material is the con-
trolled self-assembly of gold nanoparticles (AuNPs) inside a polymer
brush, which induces color changes upon exposure to environmental
changes, enabling sensor applications.

Polymer brushes can serve as a matrix for the immobilization of
AuNPs. Particle uptake into the brush matrix is affected by pa-
rameters such as thickness, particle size and grafting density [1].
Nanoparticle uptake has proven to be highest at intermediate graft-
ing densities [2]. In the present study thermoresponsive Poly(N-
Isopropylacrylamide) brushes with varying grafting densities were syn-
thesized directly from a silicon substrate. Nanocomposite materials
were fabricated by dip-coating of polymer brushes into an AuNP sus-
pension. Characterization of nanocomposites was performed by (in
situ) spectroscopic ellipsometry, atomic force microscopy and (in situ)
X-ray reflectometry. The relation between particle distribution and
temperature-induced structural changes will be discussed.

[1] S. Christau et al., Polymers 2014, 6, 1877-1896.

[2] R.R. Bhat, J. Genzer, Appl. Surf. Sci. 2006, 252, 2549-2554.

CPP 39.6 Wed 16:30 ZEU/0260
Morphology-controlled electrical and thermal conductivity of
filled diblock copolymers: effect of filler shape. — ¢ ALEXANDER
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CHERVANYOV — University of Miinster, Miinster, Germany

We investigate the electrical and thermal conductivity of an electri-
cally insulating diblock copolymer (DBC) matrix filled with conduc-
tive cylindrical and spherical nanofillers modeling carbon nanotubes
(CNTs) and carbon black (CB), respectively. The composite transport
properties are examined as functions of the underlying DBC morphol-
ogy, the selective affinities of CNTs and CB for the dissimilar DBC
blocks, and inter-filler interactions that determine the positional and,
for CNTs, orientational correlations. Using a combined phase-field de-
scription of the DBC host and Monte Carlo simulations of anisotropic
CNT fillers, we show that the localization and alignment of CNTs

within the microphase-separated domains are highly sensitive to the
above parameters. The simulated CNT and CB network structures are
used to compute the electrical and thermal response of the compos-
ite. We quantitatively elucidate how the morphological transitions in
the DBC correlate with structural rearrangements of the filler net-
works. Furthermore, we demonstrate that both the order-disorder
transition and the order-order transitions between distinct DBC mor-
phologies lead to pronounced changes in composite conductivity, driven
by morphology-induced restructuring and alignment of the conductive
pathways formed by CNT and CB.

Financial support of Deutsche Forschungsgemeinschaft (DFG)
through Grant No. CH 845/2-3, is gratefully acknowledged.

CPP 40: Hybrid, Organic and Perovskite Optoelectronics and Photovoltaics IV

Time: Wednesday 17:00-18:30

CPP 40.1 Wed 17:00 ZEU/LICH
Morphological Disorder Boosts Charge Separation in Single-
Component OPDs — eMICHEL PaNHANs!, JakoB WoLANSKYZ:3,
KarL Leo2?, Jounannes Benpunn?3, and FrRaNk ORTMANN! —
ITUM School of Natural Sciences and Atomistic Modeling Center, Mu-
nich Data Science Institute, Technische Universitdt Miinchen, 85748
Garching b. Miinchen, Germany — 2Dresden Integrated Center for
Applied Physics and Photonic Materials, Technische Universitat Dres-
den, 01069 Dresden, Germany — 3DZA, Gorlitz, Germany

Single-component organic photodetectors (OPDs) provide a simpli-
fied alternative to donor-acceptor heterojunctions, yet their operation
mechanisms remain theoretically underexplored. We investigate the
molecular origin of charge generation in vapor-deposited DCV2-5T
by modeling the excitonic density of states with an effective exci-
ton Hamiltonian that incorporates electronic coupling, Coulomb in-
teraction, and structural disorder. Disorder is introduced through
lateral shifts between m-stacked molecules, which notably modulates
electronic and excitonic couplings. Simulations show that intermedi-
ate disorder reproduces the experimental external quantum efficiency,
while strong disorder enhances hybridization between excitonic states.
This hybridization enables exciton delocalization via a superexchange-
like mechanism, increasing the probability of charge separation. Coun-
terintuitively, disordered domains exhibit stronger coupling than crys-
talline ones, suggesting that reduced structural order can facilitate
charge generation. These insights highlight morphology-dependent ex-
citonic interactions as a design principle for self-driven OPDs.

CPP 40.2 Wed 17:15 ZEU/LICH
Limiting factors to free charge generation in low-bandgap
organic blends for photovoltaic applications and beyond
— eManast Pranav!, Arur Suukral?, and DIETER NEHER!
University of Potsdam, Potsdam, Germany — 2University of Queens-
land, Brisbane, Australia

Despite possessing similar theoretical limits, state-of-the-art organic
solar cells outshine low-bandgap organic blends (absorption edge be-
yond 1000 nm) in their exciton harvesting efficiency. An understanding
of these free charge generation mechanisms is needed to tap into the
potential of such low-bandgap non-fullerene acceptors (NFAs) for pho-
tovoltaic and photodetector applications. To this end, we probe the
pathways of exciton dissociation and charge-transfer state separation
in multiple D:NFA systems with varying absorption edges, and vary-
ing extents of energy-transfer or charge-transfer prior to free charge
generation. This is done by combining transient and steady-state op-
toelectronic techniques, to resolve the losses incurred between photon
absorption and carrier extraction. For some of these systems, namely
in blends using Y6 derivatives with extended pi-conjugation, we find
that the kinetic competition between geminate charge-transfer state
decay and its separation is a major limiting role in the overall photon
harvesting capability of the devices. As part of ongoing work, these
investigations aim to reveal the underlying geminate loss pathways,
which limit overall internal quantum efficiency of the blends and, in
turn, limit the figures of merit of the resulting devices.

CPP 40.3 Wed 17:30 ZEU/LICH
Consistency of Electron-Vibrational Coupling Across Meth-
ods? A Comparative Study — eMaxiMIiLIAN F. X. DORFNER,
KonrAND MERKEL, and FRANK ORTMANN — Department of Chem-
istry, TUM School of Natural Sciences, and Atomistic Modeling Cen-
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ter, Munich Data Science Institute, Technical University of Munich,
Miinchen, Germany

Characterizing electron-vibrational interaction in materials is a non-
trivial theoretical task, owing to the differing definitions of coupling
constants and the variety of available methods for computing these.
This diversity naturally raises questions about the consistency and re-
liability of the methods used and their interrelation.

To address this issue, this contribution presents a systematic com-
parison of electron-vibrational coupling calculations. We summarize
our findings on the relationship between density functional theory ap-
proaches and quasi-particle methods [1], study the influence of differ-
ent exchange and correlation functionals, and investigate the impact of
various ab initio methodologies [2] on the resulting electron-vibrational
coupling constants.

Our findings provide guidelines and data for validating methodolo-
gies and estimating theoretical errors in coupling constant calculations.

[1] M.F.X. Dorfner and F. Ortmann, J. Chem. Theory Comput.
2025, 21, 5, 2371-2385; [2] K. Merkel, M.F.X. Dorfner and F. Ort-
mann, J. Phys. Mater. 8 045014

CPP 40.4 Wed 17:45 ZEU/LICH
Enhanced Photo-multiplication Effect through Synergistic
Hole Blocking and Traps Engineering in OPDs — eAwais
Sarwar!, Lours CoNraD WINKLERY'2, KARL Leo!, and JOHANNES
BenpunN!'2 — HAPP, TU Dresden, Germany — 2DZA, Gorlitz, Ger-
many

Photomultiplication-type organic photodetectors (PM-OPDs) are
highly effective for detecting weak light. However, they often face
a significant trade-off: high gain usually results in excessive noise and
slow response times. To overcome these limitations, we introduce a
vacuum-deposited broadband photodetector architecture that utilizes
the synergistic integration of hole-blocking layers and precise traps en-
gineering. By strategically controlling the charge injection barriers and
trap distribution, this design effectively separates the gain mechanism
from the noise floor. The resulting device achieves a peak external
quantum efficiency (EQE) exceeding 1100 per cent, while maintain-
ing a specific detectivity of 4.4*¥10e12 Jones at a bias of -2 V. Unlike
slow trap-dominated systems, our optimised architecture keeps a cut-
off above 25 kHz. Vacuum-deposited PM-OPDs offer high sensitivity
and fast response, ideal for real-time sensing.

CPP 40.5 Wed 18:00 ZEU/LICH
‘Wavelength-dependent charge carrier extraction of organic
solar cells under operational conditions — eLLArRA BARTNICK,
MarTN KEMERINK, and CLEMENS GOHLER — IMSEAM, Heidelberg
University, Germany

Organic solar cells (OSCs) have recently achieved power-conversion
efficiencies of about 20%, making them increasingly promising for re-
newable energy applications despite still falling behind silicon photo-
voltaics. To understand the mechanisms that limit their performance,
highly sensitive external quantum efficiency (EQE) measurements are
essential, as they show how efficiently photons of different energies
generate extractable charge carriers across the UV- to near-infrared
spectrum.

We have measured the EQE of current standard PM6:Y6 OSCs un-
der different initial conditions including bias voltage in both reverse
and forward direction, bias illumination, and temperature, to investi-
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gate how open-circuit voltage- and fill-factor losses can be attributed
to wavelength-dependent charge carrier generation efficiencies. These
measurements reveal that the spectral shape of the EQE is highly sen-
sitive to biasing conditions. By relating the voltage dependent EQE
to collection fields, we have been able to identify charge carrier extrac-
tion losses under typical working conditions, which are dependent on
the incident photon energy. These findings, as well as wavelength- and
voltage-dependent exciton generation and recombination rates, con-
tribute to understanding the loss mechanisms and charge extraction
behaviour of OSCs.

CPP 40.6 Wed 18:15 ZEU/LICH

Photomultiplication-type Or-
ganic eLoutrs CoNRAD WINKLER!2,
Jonas KUBLITSKI Awals SARWAR!, HRISHEEKESH THACHOTH
CHANDRAN!, WoLFcaNG Tress?, UrRs AEBERHARD®, KaArRL Lrol,
and Jonannes Benpunn'2 — 1IAPP, TU Dresden, Germany —
2DZA, Gorlitz, Germany — 3Departamento de Fisica, UTFPR, Cu-
ritiba, Brazil — *ZHAW, Winterthur, Switzerland — SFLUXiM,

Generation in

Photodetectors
1,3

Current

Winterthur, Switzerland

Organic photodetectors (OPDs) utilizing intrinsic gain promise en-
hanced performance in regard to faint light detection. While this gain
mechanism boosts the external quantum efficiency (EQE), the associ-
ated noise often negates the net improvement of the specific detectivity
D*. Nonetheless, the simplified readout circuitry and associated cost
savings hold high potential for the market. Crucially, the origin of
this photomultiplication (PM) effect is currently attributed to tunnel
injection of charge carriers, driven by internal band bending due to
trapped charge carriers. Here, we challenge this prevailing tunnel in-
jection model based on comprehensive experimental evidence. We pro-
pose an alternative mechanism that offers a unified explanation for the
gain observed across diode-like OPD architectures and validate it by
drift-diffusion simulations. This model successfully provides general
predictive capabilities regarding the magnitude and dependencies of
the photocurrent gain. We rigorously tested this proposed mechanism
across 29 diverse material systems, including both vacuum-processed
and solution-processed devices.

CPP 41: Biopolymers, Biomaterials and Bioinspired Functional Materials Il (joint session
CPP/BP)

Time: Wednesday 17:00-18:45

CPP 41.1 Wed 17:00 ZEU/0255
simulations of network-forming DNA
nanostructures eTakAHIRO Yokovamal? and ARrasu
NikouBasHMANY2 — 1Leibniz-Institut fiir Polymerforschung Dres-
den, Dresden, Germany — 2Technische Universitit Dresden, Dresden,
Germany

Coarse-grained

DNA nanotechnology offers exceptional nanoscale designability
through precise control of DNA sequences. These individual DNA
strands can form predetermined building blocks, which then hierarchi-
cally assemble into super-structures such as nanotubes, nanocapsules,
or nanostars. The latter can assemble further into (percolated) net-
works, where sequence-level design enables systematic control of the
rheological and mechanical network properties. This multi-scale self-
assembly can lead to cascading effects, where even a single unpaired
nucleotide on the building block level can act as a highly flexible hinge
that dramatically alters the network mechanics. To understand how
such variations on the nucleotide-scale affect the network properties,
we designed a series of DNA networks by systematically altering the
arm number and junction flexibility of the star-shaped building blocks
using coarse-grained molecular simulations of the oxDNA model. Our
study revealed that the bulk modulus of the network decreased with
increasing number of DNA arms; this counter-intuitive behavior stems
from the addition of flexible junctions on the single-star level, which
preferentially absorb deformation and soften the overall network. This
result highlights the importance of precise nanoscopic design on the
order of one nucleotide to obtain optimal network properties.

CPP 41.2 Wed 17:15 ZEU/0255
Characterizing interactions between glycoproteins and RNA
at the lipid membrane interface — eHoracio V. Guzman! and
Viviana Monsg? — !Biophysics & Intelligent Matter Lab, Material
Science Institute of Barcelona, CSIC, Spain — 2Department of Chem-
ical and Biological Engineering, State University of New York at Buf-
falo, 308 Furnas Hall, Buffalo, USA

Biological membrane interfaces interacting with proteins, nucleic acids,
and glycans are integral to many cellular processes. The interplay be-
tween membrane lipids and biopolymers is highly sensitive to their flex-
ibility grade, secondary structure, and electrostatics. Consequently,
the cell membrane interface experiences changes in local lipid dis-
tribution and fluctuation in local properties. Projecting biophysi-
cal and structural membrane and biopolymer properties onto a two-
dimensional plane simplifies the quantification of molecular signatures
by reducing the dimensional space and identifying relevant entropic
and short-range interactions at the interface of interest, as well as,
characterizing interaction patterns and spatial correlations of complex
lipid bilayers as they interact with biopolymers. We compare lipid-lipid
interaction patterns in membrane-only systems to the corresponding
systems containing small proteins and RNA fragments, respectively.
These analyses quantify the effect of peripheral biopolymers on local
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lipid composition, structure, packing, deformation ratio of the biopoly-
mer, and surface topology of the membrane upon adsorption. Such
characterization is crucial for starting with the next-generation ratio-
nal design of lipid vesicles and lipid-coated RNA drug delivery systems.

CPP 41.3 Wed 17:30 ZEU/0255
Nanoscale characterization of piezoelectric nanofibers
blended with Salmon Gelatin eMARTIN CHAVARRIA-
VipaLl, Dracica Bezjak?, MARIA SAAVEDRA-FREDES!, BENJAMIN
ScHLEYER-THIERs!, ILka HErRMES®, and TomAis P. CorRrRALEs! —
IUniversidad Técnica Federico Santa Maria, Valparaiso, Chile —
2Max Planck Institute of Molecular Cell Biology and Genetics, Dres-
den, Germany — 3Leibniz Institute of Polymer Research, Dresden,
Germany

We electrospin salmon gelatin (SG) mixed in a polyvinyl alcohol
(PVA) matrix containing chitosan (Ch). Furthermore, we used a
coaxial electrospinning approach to blend these nanofibers together
with polyvinylidene fluoride (PVDF). Such biomaterials could lead
to the potential development of biocompatible and piezoelectric heart
patches. After electrospinning our polymers, we observe by SEM two
size distributions. Mechanical characterization of the large nanofibers
obtained by AFM reveals two Youngs moduli peaks, centered at 1.77
GPa and 209 MPa. Small nanofibers also show a two component me-
chanical moduli distribution with peaks at 565 MPa and 1.33 GPa
(10.1016/j.bbadva.2025.100168). EDS shows that both distributions
contain Fluor. However, complimentary PFM measurements indicate
that large nanofibers have a piezoelectric response comparable to pure
electrospun PVDF, while the small ones do not exhibit such response.
These measurements lead us to believe that the large nanofibers
are mainly S-phase PVDF, while the smaller ones are composed of
PVA/SG/Ch with a-phase PVDF (10.1177/15589250221125437).

CPP 41.4 Wed 17:45 ZEU/0255
Structural investigations using in situ SAXS on flexible bio-
based vitrimeric carbon nanocomposites — eSaraTHLAL Kov-
1ILoTH VavaLiL!:2, Vaisanav B2, VIRANCHIKA B1JALwAN2, SRAVEN-
prA RanaZ, and Asay Gupta? — !Deutsches Elektronen Synchrotron
DESY, Hamburg, Germany — 2Applied Science Cluster, UPES,
Dehradun, India

In this work, in situ small- and ultra-small-angle X-ray scattering
has been employed to investigate the real-time structural evolution of
3D-printed vitrimeric thiol-acrylate photopolymers and their carbon-
based nanocomposites designed for healable strain-sensing and soft-
robotic applications. Flexible bio-acrylate based vitrimers reinforced
with graphene/CNT fillers at varying concentrations are examined to
elucidate temperature-dependent phase segregation and enable direct
visualization of nano- and microscale filler morphologies, their spatial
distribution, and their evolution across key thermal transitions (Tg
and Tv of the polymer matrix). The effects of the stress/strain and
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cyclic-thermal cycles on the filler aggregates affecting the composites
conductivity in carbon-filled samples are also evaluated. These insights
into nano- and microscale morphology, reinforcement, and conductive
behavior help us understand the dynamic structure-property relation-
ships governing vitrimer-based conductive networks

CPP 41.5 Wed 18:00 ZEU/0255
Nanomechanical testing of suspended single nanofibers and
humidity-induced glass transition — eBENJAMIN SCHLEYER-
Tuiers!, DiEco BENAVENTE?, Yusser OLcuiN?3, and Towmas P.
CorraLEs!3 — 1Physics department of Universidad Tecnica Federico
Santa Maria, Valparaiso, Chile — 2Technological and Scientific Center
(CCTVal), Valparaiso, Chile — 3Biotechnology Center Daniel Alkalay
Lowitt

In this work we will study the interaction of water molecules with
polymeric nanofibers made from hygroscopic biopolymers and contrast
them in environments with variable relative humidity. For this, we
will suspend single nanofibers over micropatterns etched on silicon.
In this suspended configuration, we shall perform three-point bending
tests utilizing the environmental Atomic Force Microscope (AFM) and
detect bending forces of the nanofiber, at different relative humidi-
ties. As bending tests are performed over the suspended nanofiber,
the position-dependent stiffness can be plotted to find its mechanical
modulus through bending models. The stiffness of single nanofibers
drops with the increase in relative humidity, hinting a glass transition
induced by this environmental condition. To test this behavior, we
attempt to perform fracture experiments on a micro structured grid
made by photolithography.

CPP 41.6 Wed 18:15 ZEU/0255
Probing light-induced drug release to lipid monolayers —
elpsita Pani, MicHAEL HArDT, and BJOrRN BraunscHwWEIG — In-
stitute of Physical Chemistry, University of Miinster, Corrensstrafe
28-30, Miinster 48149, Germany

Light-induced drug release using photoresponsive nanocarriers is in-
creasingly explored for targeted therapeutic applications. While most
studies characterize release in bulk aqueous environments, drug release
across aqueous-organic interfaces is equally important, as these inter-
faces represent the entry point into cells. We recently demonstrated
light-induced drug release to air-water interface.[1] In cancer therapeu-

tics, passive diffusion of anticancer drugs across lipid membranes is a
key transport mechanism, yet direct quantitative data on drug-lipid in-
teractions and their effect on release remain limited. Here, using aryla-
zopyrazole photosurfactant nanocarriers and doxorubicin as a represen-
tative anticancer drug, we investigate how interfacial lipid composition
governs light-induced drug release. By combining Langmuir monolay-
ers with interface-specific vibrational sum frequency generation (SFG)
spectroscopy, we quantitatively estimate drug release at lipid-adsorbed
interfaces as a model membrane. To systematically probe headgroup
effects, we employ four dimyristoyl lipids- DMPC, DMPG, DMPS, and
DMPE which share identical acyl chains but differ in charge and po-
larity. These results elucidate how lipid-drug interactions modulate
release efficiencies at membrane-like interfaces, providing insights key
to the design of photoresponsive nanocarriers for targeted drug deliv-
ery. [1] Pani et al. Chem. Sci., 2024, 15, 18865-18871.

CPP 41.7 Wed 18:30 ZEU/0255

Hetero-aggregation of microplastic particles THOMAS
Witzmann?, Anja F. R. M. RAMSPERGER?, Hao Liu?, YIFaN
Lu®, HoLcer ScumaLrz?, Lucas Kurzwec?, Tom C. D. BORNER?,
KaTHRIN HARRE?, ANDREAS GREINERZ?, CHRISTIAN LAFORSCHZ,
HoLcer Kgress?, CurisTINA BoGNER?, STEPHAN GECKLEZ, AN-
DREAS FERY!, and eGUNTER K. AUERNHAMMER! — 1Leibniz-Institut
fiir Polymerforschung Dresden, Germany — 2Universitit Bayreuth,
Germany — 3Universitit zu Koln, Germany — 4Hochschule fiir Tech-

nik und Wirtschaft Dresden, Dresden

Microplastic particles (MPP) in the environment are surrounded by
a layer known as an ’eco-corona’. This is made up of natural organic
matter (NOM), such as biomolecules, humic substances, and other nat-
ural molecules. NOM substantially alters the surface properties of MP
particles, thereby influencing their interaction with other surfaces in
an aqueous environment and their aggregation behaviour. We studied
the interactions of eco-corona-covered MP particles on the nanoscale
using colloidal probe-AFM. Measurements were performed at different
ionic concentrations to mimic changing environmental conditions. We
found that the eco-corona can pull on the silica colloidal probe via
polymer bridging. This mechanism leads to aggregation and, conse-
quently, sedimentation in the environment. By comparing our AFM
results with experiments and simulations at different length scales, we
consistently found that this type of heteroaggregation is conducive to
stable aggregate formation and retains MPPs in sediments.

CPP 42: French-German Session: Nanomaterials, Composites and Hybrids Il

Time: Wednesday 17:00-18:45

Invited Talk CPP 42.1 Wed 17:00 ZEU/0260
Mesopores filled with (poly)ionic liquids: phase transitions
under confinement, and structure seen by SAXS and SANS
— eJuLiAN OBERDISSE and ANNE-CAROLINE GENIX — Laboratoire
Charles Coulomb, U Montpellier France

Understanding the molecular structure of mesoporous solid ionic sys-
tems is crucial for optimizing macroscopic properties, in particular
ionic transport for energy applications, as well as mechanical flexi-
bility. These systems can be synthesized efficiently under ”one-pot”
conditions, which rely on mesopore formation through microphase sep-
aration of templating ionic liquids.

In the present study, the phase transitions of the embedded ionic
liquid have been studied by wide-angle scattering, QENS, DSC, and
BDS, as a function of confinement. Then, poly(ionic liquid)s have
been added in order to incorporate both connectivity and modify me-
chanical strength. We report on the structural analysis of ionic liquid
and poly(ionic liquid) embedded in ionosilica matrices, employing a
combination of small-angle scattering of neutrons and X-rays, isotopic
substitution, and physico-chemical solvent-based extraction methods.
Data analysis is based on molecular modelling with an original, quan-
titative comparison of the scattering curves under different contrasts.
In agreement with NMR, it is shown that these mesoporous systems
have an unexpected molecular structure, with the ionic liquid coun-
terions penetrating the ionosilica matrix surrounding the mesopores.
The poly(ionic liquid) forms patches decorating the pore walls, with
tunable conformation sensitive to solvent conditions.

CPP 42.2 Wed 17:30 ZEU/0260

Plasmonic core-shell microgels: The role of the core size —
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Location: ZEU /0260

eDEBORAH FELLERY'2, JUuLIAN OBERDISSE®, SYLVAIN PrEvosT?, and
MarTHias Karg! — 1Physical Chemistry of Functional Polymers,
Martin Luther University Halle-Wittenberg, Halle (Saale), Germany
— 2Physical Chemistry: Colloids and Nanooptics, Heinrich Heine
University Diisseldorf, Diisseldorf, Germany — 3Laboratoire Charles
Coulomb (L2C), Université de Montpellier, CNRS, Montpellier, France
— 4Large Scale Structures, Institut Laue-Langevin, Grenoble, France

Gold-poly-N-isopropylacrylamide (Au PNIPAM) core-shell microgels
are interesting due to the localized surface plasmon resonance (LSPR)
of the cores. The LSPR position strongly depends on the core size.
Compared to other core-shell microgels, Au cores can be precisely
overgrown in the shell in situ. Although cores grow in size, the overall
hydrodynamic diameter of the microgels does not change. It is not
known how the structure of the shell changes during the overgrowth.
Here, we are analyzing Au-PNIPAM microgels with two crosslinker
densities. The cores are overgrown from 14 nm in diameter to
nearly 100 nm. We perform small-angle X-ray and neutron scattering
(SAXS/SANS) to study the respective form factors. SAXS provides
information about the cores and SANS about the shell. We also inves-
tigate temperature-dependent changes in the microgel by SANS. Addi-
tionally, extinction spectra are recorded to study the optical properties.
We perform simulations of the different microgels to get information
on the internal structure of the shell and the polymer distribution.

CPP 42.3 Wed 17:45 ZEU/0260
Consequences of the near-field effect in highly filled magneto-
active elastomers — eDIRK RoMEIS and MARINA SAPHIANNIKOVA
— Leibniz-Institut fiir Polymerforschung Dresden
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In many theoretical models for magneto-active elastomers (MAEs) the
interactions among magnetic/magnetizable particles are approximated
via dipole models. In highly filled samples, as well as in structured
MAEs, the particles are often very close to each other. In such sit-
uation the dipole approximation largely underestimates the interac-
tions among magnetizable particles. Yet, for only 2 spherical particles
the analytic solution is quite complex, resulting in a slowly converg-
ing series expansion. When considering many particle systems only
computationally elaborate methods like a finite element approach can
provide numerical solutions. Based on a compact fitting function for
the 2-body problem, we suggest an accurate approximation for many-
body systems including the near-field effect beyond dipole interactions.
Considering these corrections due to the near-field effect in comparison
to the dipole approximation, we further investigate the role of cluster
formation and dispersion of particles in MAEs when an external mag-
netic field is applied or switched off.

CPP 42.4 Wed 18:00 ZEU/0260
Magneto-active elastomers with magnetically hard vs soft
particles: molecular dynamics simulations — eJULi0o P. A.
SanTos and Soria KanNTOROVICH — University of Vienna, Faculty
of Physics, Kolingasse 14-16, 1090 Vienna, Austria

Magneto-active elastomers (MAEs) [1-2], or magnetorheological elas-
tomers (MREs), are composite materials whose properties - such as
stiffness, surface roughness (wettability), and shape - can be controlled
by low-energy magnetic fields, making them ideal for soft robotics.
MAE:s consist of an elastic matrix embedded with magnetic micro- or
nanoparticles, magnetically either hard (MH) or soft (MS). For high
concentrations of MH particles, one can use a complex arrangement
of springs that randomly bond nearby MH particles [3]. However, this
model oversimplifies particle behavior (as permanent point dipoles) -
critical for modeling physically relevant MAEs.

We address these issues in ESPResSo [4], employing molecular dy-
namics to study the impact of MS particles on the surface relief of a
MAE layer and to provide a critical comparison between MH- and MS-
based MAEs. At zero field, MS particles do not interact magnetically,
whereas MH particles form long chains within the layer. Increasing the
field slowly promotes dipolar interactions between the MS particles and
rapidly promotes Zeeman interactions with the applied field, leading
to chains that preferentially align parallel to it. In contrast, MH chains
must break before reorienting in the direction of the magnetic field, due
to the greater importance of dipolar interactions relative to Zeeman,
requiring larger applied fields for signficant surface structural changes.

CPP 42.5 Wed 18:15 ZEU/0260
Microstructure analysis of intermediate states in the struc-
ture formation process of magnetorheological elastomers —

eNiLs MAGIN and STEFAN ODENBACH — TU Dresden

A composite of magnetic particles and an elastic polymer matrix is
referred to as a magnetorheological elastomer. The size and concen-
tration of magnetic particles, as well as the elasticity of the matrix, are
the determining factors in the magnetorheological (MR) effect of such
materials. Materials exhibiting significant MR properties are com-
monly referred to as MR elastomers. The application of an external
homogeneous magnetic field during the polymerisation process enables
the structuring of particles in the initially liquid polymer matrix, re-
sulting in the fabrication of an anisotropic (or structured) material.
In order to facilitate a more profound comprehension of the structural
formation, the application of the magnetic field is initiated at dis-
crete phases of the polymerisation process. This process gives rise to
intermediate states in the structuring that can be observed. The mi-
crostructure is examined using computer X-ray tomography and image
processing. Furthermore, the influence of the magnetic field, particle
concentration, and sample height on the microstructure is discussed.
We acknowledge support by the German Research Foundation DFG
through Research Unit FOR 5599 on structured magnetic elastomers.

CPP 42.6 Wed 18:30 ZEU /0260
Approximate doubling of the magnitude of maximized mag-
netorheological effects — Lukas FiscHErR!? and eANDREAs M.
MenzeL! — 1Otto von Guericke University Magdeburg, Magdeburg,
Germany — 2The University of Osaka, Osaka, Japan

In its static limit, the magnetorheological effect of magnetic elastomers
implies changes of elastic moduli by external magnetic fields. Induced
magnetic interactions between magnetizable inclusions in a soft, elas-
tic, polymeric matrix affect the overall mechanical stiffness.

First, we optimized the spatial arrangement of the magnetizable in-
clusions to achieve the strongest change in overall elastic moduli, either
for maximized overall stiffening or softening [1]. We focused on both,
Young and shear moduli.

Second, in combination, we simultaneously optimized the structural
organization to achieve maximized stiffening when an external mag-
netic field is applied in one direction, but maximized softening when
the field is applied along a perpendicular direction [2]. In our case,
switching between these two field directions can approximately double
the magnitude in overall change of elastic moduli.

Once experimental realizations of prescribed structuring become
possible, our strategy provides a direct route to further extend the
potential of the materials.

We acknowledge support by the German Research Foundation DFG
through Research Unit FOR 5599 on structured magnetic elastomers.

[1] L. Fischer, A. M. Menzel, PNAS Nexus 3, pgae353 (2024).

[2] L. Fischer, A. M. Menzel, arXiv:2507.22777 (2025).

CPP 43: Biomaterials and Biopolymers (joint session BP /CPP)

Time: Thursday 9:30-12:45

CPP 43.1 Thu 9:30 BAR/SCHO
Characterization and Application of Honey-PVA Electro-
spun Scaffolds in Tissue Engineering — e CATALINA NAVARRETE-
VErA!, KAaAReN YAREz?, CRrisTiaN Acevepo?, and Towmas
CoRRALEsY2 — 1Departamento de Fisica, Universidad Técnica Fed-
erico Santa Marfa, Valparaiso, Chile — 2Centro de Biotecnologia
Daniel Alkalay Lowitt, Universidad Técnica Federico Santa Maria,
Chile

Tissue engineering seeks to develop functional biomaterials that inte-
grate seamlessly with biological systems. Electrospinning with static
collectors enables the production of nanostructured scaffolds suitable
for cell regeneration (10.1021/acsomega.3c06436). Incorporating nat-
ural components, such as honey, valued for its regenerative, anti-
inflammatory, and antimicrobial properties, offers a route to bioactive
wound-dressing alternatives (10.1016/j.carbpol.2019.05.004).

In this study, Manuka and Ulmo honeys were each combined with
PVA to generate nanofibers and scaffolds via electrospinning. AFM
force spectroscopy was used to assess individual fiber mechanics, and
SEM and cell-culture assays were employed to evaluate morphology
and biocompatibility. Both formulations produced fibers of similar di-
ameter (100-300 nm) and nanomechanical stiffness (7200 MPa), while
honey-containing scaffolds improved cell growth over controls. These
results indicate that Ulmo honey is a promising alternative to Manuka
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honey for tissue-engineering applications.

CPP 43.2 Thu 9:45 BAR/SCHO
Additive Manufacturing in Wound Care Innovation from Sug-
arcane Bagasse — e AnMED EL-HusseIN ELNEwIsHY!, MUHAMMAD
Mounir!, Mona Tarek!, and ITa Junkar? — !Biotechnology Pro-
gram, Faculty of Science, Galala University — 2Department of Surface
Engineering, Jozef Stephan Institute, Ljubljana, Slovenia

Three-dimensional (3D) printing technology is capable of creating
highly complex, customizable objects, offering unique advantages for
various biomedical applications through methods such as inkjet-based,
extrusion-based, and light-assisted techniques. This study focuses on
using direct ink writing for additive manufacturing to print antibac-
terial wound dressings, addressing a critical gap in the current wound
care market. The management of chronic and acute wounds presents
significant challenges facing human health and overall wellness. Cur-
rent wound dressing fails to meet patients needs in terms of high ad-
hesion, poor gas exchange, low moisture retention, and the use of sys-
temic and synthetic antibiotics. Additionally, the presence of unused
agricultural waste and weak waste management increase greenhouse
gas emissions, thus contributing to global warming. To address these
issues, we utilized agricultural waste, specifically sugarcane bagasse,
to create biopolymer 3D printing ink for wound dressings. We ex-
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tracted cellulose from sugarcane bagasse and antibacterial bioactive
compounds from plant extracts. The synthesized ink was then printed
and post treated to enhance mechanical properties. We evaluated the
cytotoxicity, antibacterial activity, and morphological structure of the
patches using scanning electron microscopy.

CPP 43.3 Thu 10:00 BAR/SCHO
FCS-Based RNA Payload Quantification and FLIM Analysis
of pH-Dependent Lipid Phase Transitions in Lipid Nanopar-
ticless — eBERNHARD KIrcHMAIR', JuprrH MUOLLER!, THOMAS
KeLLERER?, EKATERINA KosTvurinal, and Joacnim RADLER!
— 1Ludwig-Maximilians-Universitdt Miinchen, Germany — 2Max

Planck-Institut fiir Biochemie, Martinsried, Germany

Lipid nanoparticles (LNPs) emerged as one of the most promising de-
livery systems for transfecting mammalian cells with synthetic messen-
ger RNA (mRNA). However, LNPs show a substantial heterogeneity
both in shape and cargo and the precise mRNA payload and stoichio-
metric ratios in multi-component nucleic acid delivery remain poorly
quantified. In this project we investigate how mRNA payload depends
on LNP size and surface composition using fluorescence correlation
spectroscopy (FCS) supported by dynamic light scattering, enabling
estimation of particle concentration and RNA copies per LNP. Fluo-
rescence cross-correlation spectroscopy further allows measurement of
siRNA /mRNA ratios in mixed cargos. To link payload properties to
endosomal escape rates and hence delivery efficiency, we probed pH-
dependent lipid phase transitions using fluorescence lifetime imaging
(FLIM) and fluorescence anisotropy, capturing changes both in bulk
lipid phases and in intact LNPs. These measurements build a frame-
work to monitor structural changes relevant to endosomal escape and
can be applied to other LNP formulations and cargo types. Quanti-
tative knowledge about content and ratios will ultimately support the
delivery of genetic programs for regulated gene expression.

CPP 43.4 Thu 10:15 BAR/SCHO
pH-dependent phase transitions in ionizable lipid mesophases
— eEKATERINA KosTYURINAL, SUSANNE LiESE?, AKHIL SUDARSANZ,
Jurian PuiLipp!, and JoacuiM RADLER! — lFaculty of Physics,
Ludwig-Maximilians University, 80539 Munich, Germany — 2Faculty
of Mathematics, Natural Science, and Materials Engineering, Institute

of Physics, University of Augsburg, 86159 Augsburg, Germany

Lipid Nanoparticles (LNPs) have proven valuable in modern medicine
as a medium for RNA delivery. Nanoparticles containing cationic ioniz-
able lipid (CIL), cholesterol and structural lipids complex with nucleic
acids into size-controlled particles that transport nucleic acid molecules
across cell membranes via the endocytic uptake pathway. The delivery
efficiency of a drug or vaccine is directly related to the efficiency of
the endosomal release. Here, we study pH-dependent structural tran-
sitions of the CIL core phase which are believed to play an essential
role in this process. We use bulk phases of ionizable lipid/cholesterol
as a model system of the LNP core which allows us to study the struc-
ture of the lipid phases with high precision using X-ray diffraction. We
show that the commonly used ionizable lipids overcome the inverted
micellar-inverted hexagonal phase transition within the pH range typ-
ical for endosomal life cycle, and connect structural properties of the
phases with LNP efficacy. Furthermore, we are aiming to understand
the thermodynamics of these phase transitions by combining experi-
mental measurements with theoretical modeling. This will help to bet-
ter understand the structure-activity relation of LNPs and to increase
the delivery efficiency in clinically relevant LNP delivery systems.

CPP 43.5 Thu 10:30 BAR/SCHO
To gel or not to gel? Assembly phase changes of en-
gineered spidroin proteins induced by temperature and
time — eIsaBeLL Tunn'23, Dwmitry ToLMACHEVZ?, Apam L.
HarmaT?4, NEA B. MOTTONEND2, ALBERTO ScaccH1®>4% MaRria
SaMMALKORPI2#, and Markus B. LINDER!"* — 1Department of Bio-
products and Biosystems, Aalto University, Finland — 2?Academy
of Finland Center of Excellence in Life-Inspired Hybrid Materials
(LIBER), Aalto University, Finland — 3Fraunhofer Institute for Ap-
plied Polymer Research (IAP), Germany — Department of Chemistry
and Materials Science, Aalto University, Finland — 5Department of
Mechanical and Materials Engineering, University of Turku, Finland

Bioinspired silk-like proteins offer exciting possibilities for developing
the next generation of advanced materials - from medicine to food
packaging. Here, we investigate the temperature- and time-dependent
assembly behaviour of engineered silk-like proteins into hydrogels con-
ducting experiments and molecular dynamics simulations.* Phase tran-
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sitions are controlled by entropic changes in flexible glycine-rich regions
and hydrophobic interactions of alanine-rich a-helical regions. High-
temperature gelation proceeds through interactions between alanine-
rich domains, leading to [-sheet formation while time-induced gela-
tion occurs via protein percolation mainly driven by dimerization of
terminal domains. These findings provide guidelines for engineering
protein-based materials with tailored assembly properties and gel char-
acteristics, advancing the rational design of biomimetic soft materials.
*https://doi.org/10.1016/j.ijbiomac.2025.147712

CPP 43.6 Thu 10:45 BAR/SCHO
Power-Law Analysis of Force Relaxation and Creep Com-
pliance in Nanoindentation of Glassy Gelatin in Humid Air
— PauL ZecH, MARTIN DEHNERT, MARIO ZERSON, and eROBERT
MAaGEeRLE — Fakultét fiir Naturwissenschaften, TU Chemnitz

Gelatin-based materials are widely used in food technology, drug de-
livery systems, and tissue engineering. Water acts as a plasticizer,
softening gelatin and reducing its glass transition temperature. Using
AFM-based nanoindentation experiments, we examined the mechani-
cal response of a gelatin film to nanoindentations under constant strain
(force relaxation) or constant stress (creep compliance) at a wide range
of tip approach velocities and relative humidity levels. Scaling anal-
ysis using a fractional rheology model reveals that force relaxation
and creep compliance exhibit universal power-law behavior. Temporal
evolution depends only on the tip indentation time, which defines the
externally imposed timescale of the process, and the power-law expo-
nent «, which characterizes the degree of viscoelasticity. At relative
humidity > 85%, the « values differ between the force relaxation and
creep compliance data. This indicates differences in the underlying
molecular processes.

15 min. break

Invited Talk CPP 43.7 Thu 11:15 BAR/SCHO

Directed evolution of material-producing bacteria — e ANDRE
StubpART — Complex Materials, Department of Materials, ETH Ziirich

Engineers often use high temperatures, pressures and polluting chem-
icals to make synthetic materials. By contrast, biology produces re-
markable materials like wood and bone using widely available chemi-
cals in water and at ambient temperature. The ability of organisms to
create materials under mild conditions relies on the intricate biologi-
cal machinery of living cells. Notably, natural selection processes have
evolved such machinery for hundreds of millions of years to fulfill the
demands of biological environments. Can we harness the machinery
and evolutionary processes of biology to create materials more sustain-
ably while still meeting engineering needs ? To explore this question,
we utilized a microfluidic platform to evolve material-forming microor-
ganisms towards cell mutants that meet the high productivity needed
in industrial processes. Using cellulose-producing bacteria as an ex-
ample, we show that this directed evolution approach enabled the iso-
lation of a bacterial mutant that produces up to 70% more cellulose
than its native counterpart. The overproducing bacterial strain of-
fers an attractive alternative to wood to meet the growing demand for
cellulose in the textile, medical and packaging industries. Beyond cel-
lulose, the proposed technology offers a compelling approach to isolate
bacteria for the bio-fabrication of other sustainable materials, such as
silk, polyesters and clay-based bricks.

CPP 43.8 Thu 11:45 BAR/SCHO
Controlling Axonal Outgrowth of Organoids by 3D
Nanoprinted Scaffolds — eTosias MULLER!, MALTE SIEGMUND!,
EmMa WorLeseN!, Kim Kriec?, OLE PLEss?, JaN HauN®, ROBERT
ZieroLD!, and RoBerT Brick! — !Center for Hybrid Nanostruc-
tures, University of Hamburg, 22761 Germany — 2Fraunhofer ITMP,
Discovery Research Screening Port, 22525 Germany — 3Section Fa-
cility Mass Spectrometry and Proteomics, University Medical Center
Hamburg-Eppendorf, 20246 Germany

Cortical organoids are promising models for neurodegenerative disease
research, yet their integration into defined neural networks remains
challenging. We use two-photon polymerization (2PP) to fabricate
three-dimensional scaffolds that direct axonal outgrowth and support
organoid integration into engineered circuits.

Scaling structures from single neurons to millimeter-scale organoids
introduces adhesion and imaging challenges. We address this by
combining tailored scaffold geometries with a polydimethylsiloxane
(PDMS)-based anchoring strategy, critical-point drying and quanti-
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tative analysis of electron microscopy images. Walls, stairs and mi-
crowires enhance organoid-scaffold interactions, promoting axonal out-
growth along intended paths and reducing extension into non-target
regions.

These results demonstrate that 2PP-fabricated microarchitectures
can guide axon growth and stabilize organoid-substrate contact, en-
abling more controlled organoid-based neuronal networks and advanc-
ing brain-on-a-chip approaches.

CPP 43.9 Thu 12:00 BAR/SCHO
Stimulus-induced biomechanical perturbations via smart hy-
drogel microstructures — eKarja Zieske — Max Planck Institute
for the Science of Light, Erlangen, Germany

Cells reside within complex three-dimensional extracellular matrices,
where mechanical interactions play essential roles in tissue develop-
ment, and disease progression. To mimic these interactions, we de-
veloped a lab-on-a-chip platform that applies spatially and tempo-
rally controlled mechanical perturbations using intelligent hydrogel mi-
crostructures.

First, we optimized material composition and photopolymerization
parameters and demonstrated reliable, stimulus-dependent expansion
and contraction of the hydrogel microstructures within microfluidic
chambers. Using these microstructures, we then applied compressive
forces to Matrigel and collagen networks. Finally, we applied mechan-
ical perturbations to cellular systems.

By mimicking cellular pushing forces with hydrogel microstructures,
this lab-on-a-chip system provides a versatile tool for studying me-
chanical remodeling of biopolymers and cellular systems.

CPP 43.10 Thu 12:15 BAR/SCHO
Functionally Connecting High- and Low-Density Neuronal
Networks Using 3D-Nanoprinted Structures — eEMMaA WoOLLE-
SEN, MALTE SIEGMUND, ToB1As MULLER, JOSEPHINE HOPPE, ROBERT
ZieroLD, and RoBERT Brick — Center for Hybrid Nanostructures,
University of Hamburg, 22761 Hamburg, Germany

Tracing the propagation of interneural communication from high- to
low-density networks is essential for exploiting information processing
at the single-cell level. Given the multitude of synaptic connections,
high-density networks of hiPSC-derived neurons may generate bursts
of action potentials, a key communication mode that can be analyzed

at the single-cell level in receiving low-density networks. Here, we
move toward such a cultivation platform by evaluating 3D nanoprinted
(3DN) structures fabricated by two-photon polymerization for their ef-
ficiency in facilitating connected high- and low-density networks. We
demonstrate the prerequisite formation of hiPSC-derived low-density
neuronal networks in tower-shaped 3DN structures. For augmenta-
tion with high-density networks, a stomach-shaped structure and con-
necting elements were fabricated. A minimum structure height of 30
micrometers proved critical for clear network demarcation. For future
region-specific chemical stimulation, millimeter-scale structures for me-
dia reservoir separation were conceptualized, and fabrication feasibility
was confirmed, requiring a 10 micrometer overlap and a suitable shear
angle at structure interfaces. These results extend established 3DN
platforms for low-density networks and support the integration of neu-
ral networks into Brain-on-a-Chip applications.

CPP 43.11 Thu 12:30 BAR/SCHO
Multiplex sensing of respiratory viruses using surface
plasmon resonance spectroscopy — eGHAZALEH FEsHAGHI!,
Davip Kaiser!, Hamip REeza Rasourt’, Dominik Gary2, To-
BIAs F1scHER2, KATRIN FRANKENFELDZ, ABHISHEK SHARMA®, and
ANDREY TURcHANIN' — !Institute of Physical Chemistry, Friedrich
Schiller University Jena, 07743 Jena — 2Forschungszentrum fiir Medi-
zintechnik und Biotechnologie (fzmb) GmbH, 99947 Bad Langensalza,
Germany — 3BioNavis Ltd., Hermiankatu 6-8H, 33720 Tampere, Fin-
land

We present label-free and real-time biosensing of three major respira-
tory viruses using the Multi-Parametric Surface Plasmon Resonance
(MP-SPR) technique. In this approach, MP-SPR SPR Au sensors
are functionalized with ultrathin (71 nm) azide-terminated carbon
nanomembranes (N3-CNMs), enabling covalent attachment of virus-
specific antibodies and thereby providing selective immobilization of
target antigens on the sensor surface. We demonstrate specific de-
tection of SARS-CoV-2, Influenza A, and Respiratory Syncytial Virus
(RSV) antigens with negligible cross-reactivity and high reproducibil-
ity in both PBS-P buffer (physiological pH) and clinically relevant
nasopharyngeal swab matrices. For SARS-CoV-2, Influenza A, and
RSV antigens, we determine dissociation constants (KD) of 7.0 * 0.5
nM, 86 * 4 pM, and 3.0 * 0.2 pM, respectively, with corresponding
limits of detection (LOD) of 765 pM, ~80 pM, and ~2 pM.

CPP 44: Hybrid, Organic and Perovskite Optoelectronics and Photovoltaics V

Time: Thursday 9:30-11:15

Invited Talk CPP 44.1 Thu 9:30 ZEU/LICH
Shedding light on wide bandgap perovskites — eMICHAEL SAL-
1BA — Institute for Photovoltaics (ipv), University of Stuttgart, Ger-
many

Low bandgap perovskite solar cells are approaching the Shockley-
Queisser limit for single-junction solar cells. Less progress, however,
was made for wider bandgap perovskites, which are of interest, e.g.,
for multijunction photovoltaics. These wide bandgap perovskites are
often comprised of fully inorganic components, which are hard to dis-
solve in conventional solvent systems and require more sophisticated
synthesis as well as crystallisation techniques. In this talk, I will dis-
cuss strategies to address these challenges by providing a library of
hitherto unexplored wider bandgap perovskites using combinatorics.

Unfortunately, the newly formulated liquid precursors often exhibit
complex crystallization behaviour struggling to expel the typically
used DMSO solvent. To delay the crystallization time, two strategies
are proposed to remove the strongly complexating DMSO molecules
through a) modified processing of the liquid thin-film and b) a coordi-
nation solvent with a high donicity and a low vapor-pressure leading
to a marked improvement in the overall film quality. Lastly, interface
manipulation, especially on top of the formed perovskite, is becoming
a central topic to advance further. Light annealing is introduced to
modify the perovskite surface resulting in a reduced surface recombi-
nation.

CPP 44.2 Thu 10:00 ZEU/LICH
Perovskite Solar Cells under Orbit-Like Thermal Cycling —
©SIMON ALEXANDER WEGENER!, CHRISTOPH GERNOT LINDENMEIR',

TuoMas Baier!, X1aosing Ci!', SicriD BERNSTROFFZ, and PETER
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MULLER-BuscuBauM! — 1TUM School of Natural Sciences, Chair
for Functional Materials, Garching, Germany — 2Elettra-Sincrotrone
Trieste S.C.p.A., Basovizza, Trieste, Italy

Perovskite solar cells offer strong potential for space power systems
due to their high visible-light absorbance, thin active layers, and ef-
ficiencies comparable to silicon. These features provide exceptional
power-to-weight ratios, and solution processing reduces manufactur-
ing and launch costs relative to multi-junction gallium arsenide cells.
Initial demonstrations have confirmed their operability in space. Key
challenges remain, particularly the extreme temperature swings in low
Earth orbit. Our work examines these stresses using operando grazing-
incidence wide-angle X-ray scattering (GIWAXS) to track structural
changes in the perovskite during illumination and temperature cycling.
Synchrotron radiation enables the necessary temporal resolution to
study the multilayer device stack, which combines materials with dif-
fering mechanical and thermal properties. Complementary photolumi-
nescence measurements reveal associated changes in optical and electri-
cal behavior. Across -125°C to +100°C, the perovskite shows changes
in crystal phase, anisotropic strain, and optoelectronic response. These
findings clarify the coupled mechanical and electronic effects driving
performance loss and enable strategies to enhance durability of per-
ovskite solar cells for space applications.

CPP 44.3 Thu 10:15 ZEU/LICH
Depth Resolved Structural Analysis on CsPbl3 Nanocrys-
tal Nucleation Seed Induced Pervskite Thin Films —
eALTANTULGA BuvaN-ARriviika!, Lukas Worz!, Ajeer KumMARZ,
YanaN AN!, CuristopHER EvVEReTT!, GuaNGJiu Pan', Jun-
SHENG ZHANG!, ZHULJUN XUl, MATTHIAS SCHWARTZKOPF®, STEPHAN

V. Roru?, JorcEN Haurr!, Jomanna Eicunorn!, and PETER
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MULLER-BuscuBauM! — 1TUM School of Natural Sciences, 85748
Garching, Germany — 2Department of Chemical Physics, Lund Uni-
versity, 22100 Lund, Sweden — 3Deutsches Elektronen-Synchrotron
DESY, 22607 Hamburg, Germany — 4Department of Fibre and Poly-
mer Technology KTH, SE-10044 Stockholm, Sweden

Lead-halide perovskites have attracted significant attention due to
their favorable optoelectronic properties, simple processing, and the
availability of precursor materials. Their performance is strongly
governed by the crystallinity and morphology of the typically poly-
crystalline thin films. Among strategies to optimize these features,
nanocrystal seeding has emerged as a promising route. Here, we
show improved crystallographic orientation and reduced defect den-
sity in printed FAPbI3 thin films through the introduction of CsPbl3
nanocrystal nucleation seeds. Incidence-angle-varied GIWAXS enabled
depth-resolved structural analysis, revealing seed incorporation and
corresponding modifications of the energy landscape through the film
thickness.

CPP 44.4 Thu 10:30 ZEU/LICH
In-Situ KPFM Growth Studies of Pentacene as a Model Hole
Transport Material on 2D /3D Heterostructured Cs2AgBiBrg
for Perovskite Solar Cells — eTivm P. ScHNEIDER and DERCK
SCHLETTWEIN — Justus-Liebig-Universitdt Giefen, Institut fiir Ange-
wandte Physik, Heinrich-Buff-Ring 16, D-35392 Gieften

Forming low-dimensional perovskite interlayers in perovskite solar cells
by applying ammonium salt solutions is a well-known method to im-
prove devices. This has already been approved for the Cs;AgBiBrg
double perovskite in solar cell geometry by a 2D-modification with
BABr or PEABTr salts achieving respective low-dimensional phases at
the interface. Using pentacene as a model hole conductor, its film
growth and contact formation to the different double perovskite phases
was investigated via in-situ growth studies using Kelvin Probe force
microscopy (KPFM). Measuring the morphology and work function
at intermittent steps during film deposition allowed to observe their
evolution depending on the average pentacene film thickness. Image
processing of the resulting KPFM images facilitated to assign differ-
ent morphological features (from substrate or pentacene) present in the
height images to different contributions to the work function and, espe-
cially, clearly identified the pentacene grains within other similar mor-
phological features. A much more homogenous growth of pentacene
on 2D /3D heterostructured Csa AgBiBrg was observed, forming evenly
shaped grains or dendritic islands. This was further accompanied by a
more confined work function, speaking for an enhanced contact align-
ment between the double perovskite and pentacene.

CPP 44.5 Thu 10:45 ZEU/LICH

Gas quenching under ambient condition for efficient and sta-

ble perovskite solar cells with surface passivation — eZHAONAN
Jinl, Xionezuuo Jianc!, Zerur Lit, Xiaosine Cil, Guanciiu
Pan!, Lixing Lit, JinsHENG ZHANG!, XINYU J1ANG2, SARATHLAL
KoviLoTH VavaLiL?3 Kun Sun?, StepuaN V.Rotu?%, and PETER
MutLLER-BuscaBauM! — 1TUM School of Natural Sciences, Chair
for Functional Materials, Garching, Germany — 2DESY, Hamburg —
3UPES, India — *HZB, Berlin — ?Department of Fibre and Polymer
Technology, KTH, Stockholm, Sweden

‘Wide-bandgap perovskite solar cells play a key role in tandem solar
cells, which aim to overcome the Shockley-Queisser limit for single-
junction solar cells. In this work, we develop and optimize a gas
quenching method under ambient conditions for the fabrication of
wide-bandgap (1.77 eV) perovskite films. To improve the perfor-
mance of PSCs, three different organic spacer cations, including aro-
matic amino molecules (PEAI), aliphatic amino with long alkyl chain
molecules (OAI), and short alkyl chain molecules (BAI), are applied
and investigated as surface passivation materials. As a result, the 2D
perovskite layers form on top of 3D perovskite films. The n-i-p devices
with PEAI passivation exhibit a champion PCE of 16.26% along with a
high Voc of 1.21 V, exceeding the control device (PCE = 13.42%, Voc
= 1.15 V), and maintaining 88% of its initial PCE after 120 minutes
of continuous illumination. This work offers a guide for the fabrica-
tion of wide-bandgap PSCs under ambient conditions and the choice
of organic spacer cations for passivation.

CPP 44.6 Thu 11:00 ZEU/LICH
Solvated PbI2 Clusters Preceding the Crystalization of Lead
Halide Perovsites - UV /VIS In Situ Study — eMAXIMILIAN
Spies!, LeoNARD Krapr!, FaBiaNn ELLErR?, Eva M. HEgrzic?,
and ANNA KouLER! — 1Soft Matter Optoelectronics, University
of Bayreuth — 2Dynamics and Structure Formation, University of

Bayreuth

The solution-based fabrication of reproducible, high-quality lead iodide
perovskite films demands a detailed understanding of the crystalliza-
tion dynamics. This dynamic is primarily determined by the precursor
solution chemistry and processing conditions. We conducted a system-
atic in-situ study to elucidate the formation mechanism of perovskite
films and the role of additives in the pre-crystallization phase. Using
UV absorption spectroscopy during spin coating allows us to track the
evolution of iodoplumbate complexes and a solvated pre-crystalline
phase (PDS) present in the precursor solution. This PDS phase is
proportional to the precursor concentration, even during spin coating.
Notably, using different precursor solvents changes the PDS phase evo-
lution substantially. However, when introducing additives we see no
difference in this pre-crystalline evolution, suggesting that additives
only affect the perovskite film formation at a later stage

CPP 45: Focus Session: Theoretical Modeling and Simulation of Biomolecular Condensates |
(joint session CPP/BP)

Biomolecular condensates play a central role in many cellular processes and provide a fascinating exam-
ple of self-organized, highly dynamic systems. Physical methods, particularly from statistical physics
and soft matter, have emerged as valuable tools for understanding and predicting their fundamental
properties. Conversely, the complexity and diversity of biological systems open new perspectives and
challenges for physical modeling. This focus session will highlight current research at the interface of
physics and biology, with an emphasis on theoretical modeling and simulation of the physics of biomolec-

ular condensates.

Organized by Arash Nikoubashman, Tyler Harmon and Lukas Stelzl.

Time: Thursday 9:30-11:15

Topical Talk CPP 45.1 Thu 9:30 ZEU/0260
Wetting transitions in biomolecular coacervates — eSUSANNE
Liese!, Tiemer Lu?, Evan SprunT?, and CHRISTOPH WEBER! —
University of Augsburg — 2University of Oxford — 3Radboud Uni-
versity

Biomolecular coacervates are liquid-like droplets that can interact with
membranes and self-organize into complex structures. Understanding
the principles governing their shapes and higher-order assemblies is
crucial for controlling compartmentalization in biological and synthetic
systems.
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We present a theoretical framework describing the shape and orga-
nization of biomolecular coacervates interacting with membranes and
each other. Large coacervate droplets adopt morphologies determined
by the balance of surface tensions, from partial adhesion to full engulf-
ment. Scaled membrane tension and droplet-membrane interactions
predict transitions between spherical, lens-shaped, partially wrapped,
and endocytosed droplets, with composition-dependent contact angles
linking molecular properties to macroscopic shapes.

For multiphase coacervates, we model the impact of interfacial
species on droplet organization. Enrichment of an interfacial compo-
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nent at phase boundaries drives partial wetting between droplets, pro-
moting the formation of dimers and extended chains. Numerical simu-
lations show that surface tension minimizes the contact area, straight-
ening droplet arrangements and generating polymer-like behavior with
bending stiffness and segment-length constraints.

CPP 45.2 Thu 10:00 ZEU/0260
Elastic regulation of biomolecular condensates — eOLIVER
Paurin and Davip ZwickerR — Max Planck Institute for Dynamics
and Self-Organization, Am Faflberg 17, 37077 Géttingen, Germany

In recent years, biomolecular condensates have emerged as a vital com-
ponent of sub-cellular organisation. Here, we discuss the role that
elastic interactions can play in regulating condensate size, count, and
mechanical properties. First, we focus on the impact of ‘external’ elas-
ticity that arises from a confining mesh such as the cytoskeleton. We
find that the additional energetic cost of network deformations induced
by condensate growth limits condensate size, and can even suppress
condensate formation entirely. Additionally, when condensate size is
comparable to characteristic heterogeneities of the network, non-local
interactions may arrest thermodynamic coarsening and drive the for-
mation of stable patterned states with an energetically selected length
scale. Second, we study how ‘internal’ elasticity, resulting from the
intrinsic viscoelasticity of condensate material, can inhibit condensate
growth, but also impart condensates with mechanical strength. For the
case in which condensate growth is driven by active incorporation of
new material, we demonstrate how a delicate balance of material prop-
erties provides condensates with solid-like mechanical strength, with-
out compromising their liquid-like ability to form and grow rapidly. For
both examples, we construct dynamic continuum models that couple
phase separation with elastic deformation, analysing the key param-
eters that control condensate form, and identifying how cells can use
elasticity to fine-tune condensate behaviour to fulfil a specific function.

CPP 45.3 Thu 10:15 ZEU/0260
Phase Separation of a Nucleator in a Self Straining Active
Filament Network — eJAKOB SCHINDELWIG!, QUENTIN BODINI-
Lerranc!?, and SeBasTiAN FURTHAUER! — lInstitute of Applied
Physics, TU Wien, Lehargasse 6, 1060 Vienna, Austria — 2Ecole poly-
technique, Institut Polytechnique de Paris, Route de Saclay, 91120
Palaiseau, France

Many membraneless compartments of cells, such as stress-granules,
form via liquid-liquid phase separation. In cells many compartments
of the same type and similar sizes can coexist. Since this is inconsistent
with equilibrium phase separation physics, we ask if active mechanics
could explain this observation. We develop a model coupling dynam-
ics of the droplet material to an active self-straining filament network.
This model shows (i) arrested coarsening , (ii) oscillations, (iii) scale
selection. We establish that our model is physiologically plausible by
comparing to recent work on a phase separating nucleator of actin.

CPP 45.4 Thu 10:30 ZEU/0260
Active Transport as a Mechanism of Microphase Selection
in Biomolecular Condensates — eLE Qiao, PETER GISPERT,
and FRIEDERIKE ScHMID — Institut fiir Physik, Johannes Gutenberg-
Universitdt Mainz, D55099 Mainz, Germany

Cells control the size and organization of biomolecular condensates
formed by liquid-liquid phase separation (LLPS), yet the underlying
physical principles remain incompletely understood. We propose a
transport-driven mechanism in which undirected motor-mediated mo-
tion along cytoskeletal filaments redistributes phase-separating com-
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ponents, generating an effective non-equilibrium long-range repulsion
that arrests coarsening. This is explored using a minimal reaction-
diffusion-transport model that captures the interplay between binding-
release kinetics, diffusion, and active transport. A linear stability anal-
ysis and three-dimensional simulations reveal a transition from macro-
scopic to microphase separation at remarkably low binding/release
fractions, corresponding to minute fractions of motor-bound proteins.
Tuning motor binding rates b or transport velocities enables sublin-
ear control of condensate dimensions (L ~ b/4) from nanometers to
micrometers. This mechanism provides a simple physical route for spa-
tially programmable condensate organization in living cells and active
materials.

CPP 45.5 Thu 10:45 ZEU/0260
Positive feedback in chemically active droplets — X1 CHEN!,
JEns-Uwe SomMmERY2, and TyLER HarMoON! — lLeibniz Institute
of Polymer Research, Dresden, Germany — 2Dresden University of
Technology

Biomolecular condensates are dynamic compartments that can be
maintained far from equilibrium by active chemical reactions. Active
condensates can be driven by phase-dependent reaction fluxes, for ex-
ample via localized enzymatic activity, and thereby exhibit emergent
behaviors that cannot be realized in equilibrium condensates. We ana-
lyzed condensates with positive feedback between phase separation and
reactions: droplets enhance reactions, and the resulting products sta-
bilize the droplets. We show that this feedback produces pronounced
hysteresis, making droplets resilient to cellular fluctuations. We show
the hysteresis persists across a broad range of reaction schemes and pa-
rameter choices, indicating that it is a robust feature of droplets with
positive feedback. Condensates that form to satisfy transient cellular
needs may benefit from such hysteresis, because it ensures that they
persist long enough to carry out their functions despite fluctuating
conditions.

CPP 45.6 Thu 11:00 ZEU/0260
Chemically driven simulations of enzymatic phosphoryla-
tion in protein condensates — eEMANUELE ZiPPo!, DOROTHEE
DorMmaNND2) THoMAs Speck3, and Lukas SteLzLb2 — 1Johannes
Gutenberg University Mainz, Mainz, Germany — 2Institute of Molec-
ular Biology (IMB), Mainz, Germany — 3University of Stuttgart,
Stuttgart, Germany

The condensation and aggregation of intrinsically disordered proteins
(IDPs) in cells are governed by enzyme-driven, non-equilibrium pro-
cesses. Kinases such as Casein kinase 1 delta (CK1d) phosphorylate
proteins using ATP as chemical fuel, tuning intermolecular interac-
tions and modulating condensate assembly. The neurodegeneration-
linked protein TDP-43 undergoes CKld-mediated hyperphosphory-
lation, proposed as a cytoprotective mechanism through condensate
dissolution, yet the mechanisms underlying kinase-condensate interac-
tions remain unclear. Using coarse-grained molecular dynamics simu-
lations, we investigate how CK1d phosphorylates TDP-43 and how this
reaction drives the structural reorganization and dissolution of its con-
densates. To ensure thermodynamic consistency in such fuel-driven
simulations, we employ an automatic, generally applicable Markov
state modeling framework. Post-translational modifications (PTMs),
such as phosphorylation, can actively regulate condensate stability and
suppress Ostwald ripening, offering a mechanism to control mesoscale
structure in soft materials. Understanding such reaction-structure cou-
pling in non-equilibrium environments is key to explaining cellular self-
organization and designing biomimetic systems.
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CPP 46: Poster Il

Focus Session: Water - from Atmosphere to Space (with DY); French-German Session: Membranes and
Porous Materials; Gels, Polymer Networks and Elastomers; Biopolymers, Biomaterials and Bioinspired
Functional Materials (with BP); Complex Fluids and Colloids, Micelles and Vesicles (with DY); Charged
Soft Matter, Polyelectrolytes and Ionic Liquids; Responsive and Adaptive Systems; Nanomaterials,
Composites and Hybrids; Crystallization; Molecular and Polymer Dynamics, Friction and Rheology;
Simulation Methods and Modeling of Soft Matter; Emerging Topics in Chemical and Polymer Physics,

New Instruments and Methods

Time: Thursday 9:30-11:30

CPP 46.1 Thu 9:30 P5
Pressure-induced amorphization of aqueous PEG solutions —
eLEAH DOROTHEA SCHWERDTFEGER!:2, IsABELL Zick!2, and Ka-

TRIN AMANN-WINKELD'2 — !nstitut fiir Physik, Johannes Gutenberg
Universitit, Mainz — 2Max-Planck-Institut fiir Polymerforschung,
Mainz

Water is a fundamental substance whose behavior under supercooled
temperatures shows many anomalous properties. Among the many cu-
riosities, water can even form different amorphous states. These amor-
phous states are hypothesized to be directly related to two different
liquid states of water, namely high- and low-density liquid. Under-
standing the pressure-induced amorphization of aqueous solutions can
reveal how solutes alter water’s phase diagram and give further insight
to the predicted liquid-liquid transition.

While the impact of small molecules is known from previous stud-
ies, the role of larger polymers remains unexplored. Here, we dis-
cuss experiments on aqueous polyethylene glycol (PEG) solutions with
different molar weights, studying their effect on the pressure-induced
phase transitions. Our dilatometric measurements show how solutes
broaden the transition from hexagonal ice to high-density amorphous
ice (HDA), depending on the molar fraction. We also investigate the
polyamorphic transition between low- and high-density amorphous
ice (LDA-HDA), which for pure water is known to exhibit a strong
temperature-dependence. The samples are further characterized by
X-Ray diffraction (XRD).

CPP 46.2 Thu 9:30 P5
in water-glycerol solutions eKLARA
HorL'2, Louisa KrarT!?, and KATRIN AMANN-WINKEL!?2
Hnstitut fiir Physik, Johannes Gutenberg-Universitét, Mainz — 2Max-

Planck-Institut fiir Polymerforschung, Mainz

Phase transition

Water is omnipresent in our daily lives with many anomalous proper-
ties and a unique phase diagram. Studies of supercooled water provides
insight into the hypothesis of the coexistence of two liquid states of
water and a liquid-liquid transition. This proposes two different types
of supercooled liquid water in a high-density and low-density liquid
state, that are separated by a first order phase transition at low tem-
peratures and elevated pressure. But how does this hypothesis impact
on aqueous solutions?

Water-glycerol mixtures are often used in pharmaceuticals and act
as cryoprotectants, common in biomedicine as well as automotive an-
tifreeze. While pure water crystallizes easily, the glass-forming agent
glycerol can serve as soft confinement for water. Changing the con-
centration of the two components alters the liquid’s physical and ther-
modynamic properties, including depression of the crystallisation tem-
perature.

We investigate different water-glycerol solutions at low-temperatures
and high-pressure conditions using a diamond anvil cell. This allows in
situ optical observation of crystallisation and glass transition. Struc-
tural changes are studied by X-ray diffraction and differential scanning
calorimetry.

CPP 46.3 Thu 9:30 P5
Photooxidation of vanillic acid at the air-water interface —
eMaNUEL HorMann2 and ErLLexn H.G. Backusb? — llnstitute
of Physical Chemistry, Faculty of Chemistry, University of Vienna,
Wihringer Str. 42, 1090 Vienna, Austria — 2University of Vienna,
Vienna Doctoral School in Chemistry (DoSChem), Wahringer Str. 42,
1090 Vienna, Austria

Phenolic compounds like vanillic acid, emitted from biomass burning,
can form secondary organic aerosols (SOA) through aqueous phase
reactions. Photooxidation of vanillic acid is a potential source of
Humic-Like Substances (HULIS), that influence atmospheric chemistry
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through light absorption.[1]

The air-water interface provides a distinct chemical environment
where structural behavior and reactions may differ from those in bulk.
To specifically probe this interface, sum-frequency generation (SFG)
spectroscopy and surface tension measurements are employed, offering
complementary insights into molecular behavior.|[2]

This study examines vanillic acid at the air-water interface across dif-
ferent pH values, before and after UV /H202-induced photooxidation.
Control experiments with vanillic acid alone separate direct photolysis
from radical mediated processes. Preliminary SFG spectra reveal pH-
dependent vibrational signatures of adsorbed species and significant
changes upon photoreaction. The goal is to identify reaction products,
structural changes, and how pH affects vanillic acid photoreactivity.

[1]S. Tang et al., ACS Earth Space Chem., 4 (2020) 862-872.[2]|C.-M.
Saak et al., J. Phys. Chem. Lett., 15 (2024) 4546-4559.

CPP 46.4 Thu 9:30 P5
Biophysical Interaction of Steroid Hormones with Model
Lipid Membranes — eRaBia Rapial?3 Prasuant Hirtarsur!:?,
Bripcer MurpHY!2, and Juria Herzen® — lInstitute of Ex-
perimental and Applied Physics, Kiel University, Leibnizstrafte 19,
Kiel, 24118, Germany — 2Ruprecht Haensel Laboratory, Deutsches
Elektronen-Synchrotron DESY, Notkestrafse 85, Hamburg, 22607, Ger-
many — STechnische Universitit Miinchen

Menopause is characterized by declining 178estradiol (E2), increased
adiposity, reduced insulin sensitivity, and higher type 2 diabetes risk.
Vasomotor symptoms, such as hot flushes and night sweats, signif-
icantly impair quality of life, and transdermal E2 provides effective
relief at lower doses than oral therapy, with potentially fewer systemic
risks. Despite its clinical benefits, the molecular mechanisms of E2
remain incompletely understood. While steroid hormones classically
act via intracellular receptors to regulate gene transcription, they also
interact directly with lipid membranes, influencing packing and elas-
ticity. We studied Sestradiol, progesterone, 17aethynylestradiol, and
cholesterol in DPPC and POPC monolayers at the air water interface
using Langmuir isotherms and surface elasticity measurements. E2 was
found to expand molecular area and reduce packing density, increasing
membrane elasticity. Planned X-ray measurements will further clarify
how steroid-induced reorganization of lipid interfaces modulates down-
stream cellular signaling.

CPP 46.5 Thu 9:30 P5
The structure and orientation of ice under confinement
in Periodic Mesoporous Organosilicas (PMOs) — NieLs C.
GiessELMANN! ) PuiLip LEnz?3, SopHIA-MARIE MEINERT?, ROBERT
P.C. Bauverb?, NELE N. STRIKER!, MIcHAEL FrR6BAZ23, and e FELIX
LenMkUHLER!3 — 1Deutsches Elektronen-Synchrotron DESY, Ham-
burg, Germany — 2Institute for Inorganic Chemistry, University of
Hamburg,Germany — 3The Hamburg Center for Ultrafast Imaging,
Hamburg, Germany — %Freiberg Center for Water Research, TU
Bergakademie Freiberg, Germany

We studied water in periodic mesoporous organosilicas (PMOs) with
pore diameters in the range of 2-5 nm. In these materials, the molecu-
lar mobility of water is influenced by the polarity of the organic moiety.
We collected and analyzed X-ray scattering data of water and ice un-
der confinement in PMOs with varying degrees of hydrophobicity and
pore diameters and at varying temperature. A decrease in the density
of the confined water was observed during cooling, which was strongly
dependent on the organic moiety, as well as the pore diameter. We
furthermore found deviations in the lattice constants of hexagonal ice
in these materials compared to bulk water. In most cases, one lat-
tice parameter was more strongly affected. This could be caused by
orientational dependencies between the ice crystal and the pore. The
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orientation between the hexagonal crystallites in relation to the pore
axis was therefore investigated using X-ray Cross Correlation Analy-
sis (XCCA), indicating more uniformly oriented crystallites in more
hydrophilic pores.

CPP 46.6 Thu 9:30 P5
Impact on snow albedo of soot aggregates inferred from their
radiative properties — eLLorRENC CREMONEsI', Luca Teruzzi!,
VALENTINA RaspagNi?, and Marco PoTenzal — 1University of Mi-

lan, Milan, Italy — 2Ca’ Foscari University of Venice, Venice, Italy

Despite having a short lifespan in the atmosphere, soot aggregates are
abundant and volatile enough to be found in various environments far
from their sources. While suspended in the atmosphere, they influ-
ence local thermodynamic conditions and interact with water trigger-
ing cloud nucleation. These particles are also among the drivers of
cryospheric degradation in climate-sensitive areas such as the Arctic
and the European Alps.

The effectiveness with which soot aggregates interact with solar ra-
diation is known to be related to their morphology as well as their
composition. However, studies of their radiative properties rely on in-
direct or model-dependent measurements. We use a non-destructive
optical technique that enables us to simultaneously measure several
optical parameters on a particle-by-particle basis in situ.

Field measurements and laboratory tests show that aggregate parti-
cles exhibit exceptional scattering and absorption efficiencies relative
to their mass. Directly assessing these properties obviates the need to
characterise their exceptional morphological variability. By quantify-
ing these properties, we evaluate the impact of carbon aggregates on
snow, particularly in the uppermost layers.

CPP 46.7 Thu 9:30 P5
Study of nuclear magnetization transfer between water and
ice phases in nanoporous solids — eCRISTINA ABRIL GUTIERREZ
Orricoza and RusTEM VALIULLIN — Felix Bloch Institute for Solid
State Physics, University of Leipzig, Leipzig, Germany

NMR Cryoporometry is a promising tool for the characterization of
nanoporous solids. The technique relies on introducing a probe liquid
into the nanopores, where a liquid and frozen phase can coexist at low
temperatures. Both phases can be easily identified using NMR due to
their vastly different transverse relaxation rates. The magnetization
transfer mechanism between these is not well understood, especially
its dependence on various parameters such as temperature and pore
size. In this contribution, the magnetization transfer between water
and ice in porous silica is explored, the pore structure of which is com-
posed of well-ordered spherical nanopores connected by micropores.
The measurements are performed by using the Goldman-Shen pulse
sequence, which initializes the experiments in a state where all the
magnetization is contained in the liquid phase. By studying how the
system re-equilibrates, parameters such as the diffusion coefficient in
the ice phase and the proton volume fraction in each phase are ob-
tained. Furthermore, the non-frozen layer thickness, which refers to
the liquid-like layer that forms between the ice core and the pore wall,
can be obtained by exploiting the well-defined geometries of the ice
and water phases. The studies were performed at different tempera-
tures to assess the dependence of the results on this parameter. The
experimental data are also compared to theoretical models.

CPP 46.8 Thu 9:30 P5
Advanced analysis of NMR cryoporometry data — e¢CriNA RA-
HAUSE, GEORGIY BARONCHA, and RusTEM VALIULLIN — Felix Bloch
Institute for Solid State Physics, Leipzig University, Leipzig, Germany

NMR cryoporometry is a powerful tool for structural characterisation
of multi-scale nanoporous materials. It relies on probing the pore size
dependent ice-liquid phase transitions of nanoconfined liquid. How-
ever, accurate interpretation of the experimental data requires a better
description of phase equilibria, as well as a framework that takes into
account the network topology and relaxation effects. In this contri-
bution, we perform NMR measurement using water and octamethyl-
cyclotetrasiloxane (OMCTS) as probe liquids inside highly ordered
nanoporous alumina membranes with well-defined pore sizes ranging
from 25 to 180 nanometres. OMCTS differs from water in terms of
relaxation times and the thermodynamic parameters controlling phase
transition suppressions; therefore, by comparing the responses of the
two liquids in different porous media, we can identify key parame-
ters which are necessary for accurately establishing an advanced cry-
oporometry methodology, and demonstrating the applicability of this
technique to a wide range of materials.
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CPP 46.9 Thu 9:30 P5

Comparison of mechanical properties and pore collapse
characteristics of hyperuniform disordered anodic alu-
minium oxide membranes — eRanc Non!, CLara TwIEHAUS?,
MAaRc THELEN!, ALEXANDER SPRAFKE®, PRERAK DHAWANS, RALF
WEHRSPOHN®, MARTIN STEINHART?, and PaTrick HuBger!:*
Hnstitute for Materials and X-ray Physics, Hamburg University of
Technology, Hamburg, Germany — Z2Institute of Chemistry of New
Materials, Osnabriick University, Osnabriick, Germany — 3Institute of
Physics, Martin Luther University of Halle-Wittenberg, Halle (Saale),
Germany — “*Center for X-ray and Nano Science CXNS, Deutsches

Elektronen-Synchrotron DESY, Hamburg, Germany

We investigate how the degree of disorder in hyperuniform Porous An-
odic Aluminum Oxide (AAO) membranes influences their mechanical
properties and pore-collapse behavior. Elastic moduli of AAO were
measured using two different methods; Laser Ultrasonics (LUS) and
nanoindentation. The indented points were captured by scanning elec-
tron microscopy to observe pore collapse characteristics. The elastic
moduli from LUS and nanoindentation agree well; in general, the elas-
tic modulus increases as both porosity and the hyperuniformity index
decrease. Even at similar porosity levels, enhanced hyperuniformity
results a higher elastic modulus. When the pores are ordered, the pore
collapse follows directional grain paths around the indented edge and
propagate further in a connected herringbone like pattern. But, in the
disordered state, the irregular collapse happens, producing direction-
independent crack propagation within the restricted region.

CPP 46.10 Thu 9:30 P5
Microscopic mechanisms of polymer network breakage under
mechanical deformation — eFERNANDO MARTIN SaLamancal?
and MicHAEL Lang! — llInstitute Theory of Polymers, Leibniz-
Institut fiir Polymerforschung Dresden e.V. Kaitzer Strasse, 4 - 01069
(Dresden) — 2Institute of Polymer Science and Technology, Spanish
National Research Council. Juan de la Cierva, 3 - 28006 (Madrid)

The failure of polymer networks arises from a subtle interplay between
bond rupture, chain interactions and the underlying topology of the
network. In this work, Monte Carlo simulations are used to explore
how these factors shape the mechanical response of crosslinked poly-
mers subjected to mechanical stress. The main goal is to evaluate,
in a controlled manner, the key elements that modify the mechani-
cal response by computer simulations: the criteria for bond rupture,
the mathematical modelling of interactions potentials and force fields,
the effect of entanglements and excluded volume. Model networks are
evaluated with diverse approaches to quantify the effect of each con-
tribution to elastic modulus. The simulations yield detailed rupture
statistics and stress-strain behavior across a broad parameter space,
which are compared with predictions from established theoretical de-
scriptions of network elasticity and fracture. Overall, this work pro-
vides basic information for understanding network failure and for es-
tablishing a first-principles based model for real polymer networks.

CPP 46.11 Thu 9:30 P5
Tuning Foam Kinetics and Structure: The Role of Gas
Flowrate in Microgel-Stabilized Foams — e¢VERA ANNA Nina
ALINA HEsSE, JOANNE ZIMMER, and REGINE voN KrLiTzING — Soft
Matter at Interfaces, Institute for Condensed Matter Physics, TU
Darmstadt, Hochschulstrafie 8, D-64289 Darmstadt

The stability and microstructure of foams are critical for their per-
formance in various applications. In this work, aqueous foams are
generated by sparging gas (nitrogen) through an aqueous dispersion of
PNIPAM microgels, which are used as foam-stabilizers. In specific the
effect of the gas flowrate during foam production on the foam structure
and kinetics is investigated. In this regard, key parameters such as the
foam half lifetime, drainage (liquid content), and bubble size evolu-
tion are examined. Our findings reveal a clear dependence: In general,
lower flowrates produce smaller initial bubbles, which in turn signifi-
cantly improve the overall foam stability, as their structural skeleton
remains intact for longer periods. On the other hand, a stability op-
timum is detected, with peak stability occurring at a low flowrate;
further reduction however ultimately compromising stability. These
findings contribute to a deeper understanding of microgel-stabilized
aqueous foams and render the potential for optimizing foam genera-
tion processes.

CPP 46.12 Thu 9:30 P5
Shape and inner structure of micelles from tetrablock ter-
polymers in aqueous solution — eKATARINA DOBLER!, FEIFEI
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ZHENG!, PaBLo A. Awvarez HErRRERA!, JoacHIM KOHLBRECHERS,

ANNA P. ConstanTiNOU2, TuEONI K. GEORGIOU?, and CHRISTINE
M. Papabpakis! — 1Technical University of Munich, TUM School of
Natural Sciences, Soft Matter Physics Group, Garching, Germany —
2Imperial College London, U.K — 3PSI, Villigen, Switzerland

Injectable hydrogels formed by LCST thermoresponsive block ter-
polymers consisting of thermoresponsive, hydrophilic and hydrophobic
blocks are promising materials for tissue engineering by 3D bioprint-
ing. The gel point temperature, gelation mechanism, and physical
properties can be tuned by the number, sequence and length of the
individual polymer blocks [1,2]. Utilizing small-angle X-ray and neu-
tron scattering in a wide temperature range, we investigate aqueous
solutions of thermoresponsive tetrablock terpolymers having different
sequences of hydrophilic, hydrophobic and thermoresponsive blocks.
By fitting structural models, we gain insight into the shape and size
of the micelles as well as their inner structure. Moreover, the gelation
mechanism is deduced from the changes of the micellar structure and
correlation at the gel point.

[1] A.P. Constantinou et al., Macromolecules 2018, 51, 7019

[2] A.P. Constantinou et al., Macromolecules 2025, 58, 9122

CPP 46.13 Thu 9:30 P5
Interfacial Dilational Rheology of Microgel Layer at the air-
water interface — eJaNA SANGER, ATIEH RaAzavi, REGINE vON
Kritzing, and AMIN RAHIMZADEH — Soft Matter at Interfaces, Insti-
tute for condensed Matter Physics, Technical University of Darmstadt,
Hochschulstrafe 8, 64289 Darmstadt, Germany

Interfacial tension and dilational interfacial rheology of Poly (N-
Isoprpylacrylamide) (PNIPAM) microgel layer at air-water interfaces
are characterized using pendant-drop techniques. Static interfacial
tension was first measured with a drop shape analyser by fitting the
droplet profile to the Young-Laplace equation. To probe the interfa-
cial elasticity of microgel dispersions, a Profile Analysis Tensiometer
(PAT-1) is employed to impose controlled harmonic oscillations on
pendant drops with volumes of 10 uL and microgel concentrations be-
tween 0.1 wt% and 0.015 wt%. By using a Fourier transformation, the
surface dilational modulus is determined, and the elasticity modulus
is then identified as the real part of the surface dilational modulus.
In order to remain within the linear range of the interfacial dilational
elasticity, various amplitude ratios were systematically tested, and a
maximum amplitude ratio of 6% was found. Our study shows that the
elastic modulus is frequency-dependent. By increasing the frequency,
an increasing elastic modulus is determined. Furthermore, we observe
a shift of the maximum elasticity modulus towards the lower surface
pressure values by increasing the frequency.

CPP 46.14 Thu 9:30 P5
Combined TGA-MS Analysis of Actively Aged Polymers for
Assessing Recycling Potential — eJupiTH BUNTE, INGA ENNEN,
KARSTEN RoTT, and ANDREAS HUTTEN — Universitat Bielefeld, Uni-
versitatsstrake 25, 33615 Bielefeld, Germany

Thermogravimetric analysis (TGA) combined with mass spectrome-
try (MS) provides a powerful, complementary approach for charac-
terizing the thermal stability and degradation pathways of polymers
subjected to accelerated (active) aging. In this study, aged polymer
samples, representing materials encountered in post-consumer recy-
cling streams, are analyzed using simultaneous TGA-MS to monitor
mass-loss events and identify evolved gaseous species. These results
demonstrate that combined TGA-MS analysis can reveal chemical and
structural changes that are not easily evident from bulk mechanical or
spectroscopic testing alone. The findings support more accurate assess-
ments of polymer recyclability, highlight indicators of material down-
cycling, and inform optimization strategies for sorting, preprocessing,
and reprocessing conditions. Ultimately, this work underscores the
value of TGA-MS as a diagnostic tool for improving circular-economy
approaches.

CPP 46.15 Thu 9:30 P5
Synthese und Reaktivitit von Betti-Basen — eALvoNA Niku-
LINA — Mikluho-Maklaya Strasse, Moskau 117198

Diese Forschung konzentriert sich auf Naphthoxazine, eine wertvolle
Gruppe von Verbindungen, die fiir ihre biologischen Aktivitdten be-
kannt sind wie antimikrobielle,antidiabetische und antidepressive Wir-
kungen sowie fiir ihr Potenzial in der Entwicklung von duroplasti-
schen Polymeren. Die Synthese dieser Verbindungen beginnt h&ufig
mit Betti-Basen, die Zwischenprodukte fiir die Bildung von konden-
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sierten 1,3-Oxazinen darstellen.Um die notwendigen Betti-Basen zu
erhalten, untersuchten wir zwei Syntheserouten. Eine Strategie war
eine einfache Dreikomponenten-Reaktion von 8-Naphthol, sekundaren
cyclischen Aminen und Aldehyden. Der andere Weg umfasste zunéchst
die Kondensation von 2-Hydroxy-1-naphthaldehyd mit Aminen und
anschliefend die Reduktion der resultierenden Iminiumsalze mit Na-
triumborhydrid. Nachfolgende Versuche, diese Basen durch Cyclisie-
rung mit Standardreagenzien wie Silberoxid oder Kupferacetat in die
Ziel-Naphthoxazine umzuwandeln, erwiesen sich als ineffizient und er-
gaben geringe Ausbeuten. Da bekannt ist, dass diese Cyclisierung die
Bildung eines Iminiumsalzes beinhaltet, stellten wir die Hypothese auf,
dass DIAD als wirksamer Katalysator wirken wiirde. Das Experiment
nahm jedoch eine unerwartete Wendung: DIAD allein fiihrte nicht zu
den gewlinschten Naphthoxazinen. Der entscheidende Moment kam, als
wir ein katalytisches System aus Kupfer(I)-iodid und Cesiumcarbonat
zugaben, das eine unvorhergesehene intramolekulare Umlagerung der
Betti-Basen ausloste und stattdessen zu Diketon fiihrte.

CPP 46.16 Thu 9:30 P5
Functional ZnPc-Polymer-Magnetic Nanocomposite Systems
for Photodynamic Therapy — eLuncu Ion — Laboratory of Or-
ganic/Inorganic Materials for Optoelectronics, Institute of Applied
Physics Moldova State University, 60 Al. Mateevici St., MD-2009,
Chisinau, Republic of Moldova

Hybrid photosensitizing materials combining organic and magnetic
components provide a promising route toward multifunctional sys-
tems for photodynamic therapy (PDT). In this work, we investigate
the photophysical and magnetically induced processes in a series of
functional zinc phthalocyanine (ZnPc) derivatives-ZnPc(COOH)4 and
ZnPc(COOH)8 and their conjugates with dextran (Dx) and Fe304
nanoparticles. The systems were studied in DMSO/H20 (1:1) solu-
tions using steady-state and time-resolved fluorescence and phospho-
rescence spectroscopy. All ZnPc-based compounds exhibit character-
istic Q-band absorption (650-700 nm) and room-temperature phos-
phorescence with microsecond lifetimes, confirming efficient intersys-
tem crossing (ISC). Dextran conjugation enhances fluorescence effi-
ciency (PF = 2.37 %) and reduces aggregation, whereas Fe304 incor-
poration modifies the spin-orbit coupling, promoting magnetically as-
sisted ISC and additional non-radiative channels. The triplet lifetimes
vary between 1-9 us, depending on molecular substitution and interfa-
cial coupling. These results demonstrate that combining photoactive
ZnPc cores with natural polymer matrices and magnetic nanoparticles
enables control over excited-state dynamics and ROS generation for
biomedical applications.

CPP 46.17 Thu 9:30 P5
Biopolymer-Templated Deposition of Hierarchical 3D-
Structured Graphene Oxide/Gold Nanoparticle Hybrids for
Surface-Enhanced Raman Scattering — eYmnciian Guol?2,
Guanayiu Pan?, Yusur Burur!?, Arno JeroMmIN!, THOMAS
F. KeLLer!, AnDREas STIERLE!, GERGELY NEMETH?, FERENC
Boronbpics?, BENEDIKT SocHOR!, sARATHLAL K. VavaLi', DANIEL
SODERBERG?, PETER MOULLER-BuscuBaumM?, and STEPHAN V.
Rotu!* — 'DESY, Hamburg — 2TUM School of Natural Sciences,
Chair for Functional Materials, Garching, Germany — 3Synchrotron
SOLEIL, Saint-Aubin, France — 4Department of Fibre and Polymer

Technology, KTH, Stockholm, Sweden

Cellulose has emerged as a promising bio-based template for sensors,
smart windows, and bioelectronics. Typically, Surface Enhanced Ra-
man Scattering (SERS), an advantageous analytical technique, allows
for the rapid detection and structural analysis of chemical compounds
through their spectral patterns in nanotechnology. Crucial for SERS
is fabricating the substrates with strong enhancements of the Raman
signal over large areas. Herein, we present a straightforward approach
utilizing the layer-by-layer spray coating method to fabricate films
loaded with gold nanoparticles and graphene oxide to serve as SERS
substrates. GISAXS combined with nano-FTIR spectroscopy was used
to confirm a synergistic Raman enhancement mechanism of localized
surface plasmon resonance and interface charge transfer. Our approach
provides a reference for facile and scalable production of SERS sub-
strates.

CPP 46.18 Thu 9:30 P5
Regulation of HUVEC Adhesion by Mechanical and Bio-
chemical Tuning of PNIPAM Microgel Coatings — eLEONIE
BEER, SourAJ MAaNDAL, and REGINE v. KLITZING — Soft Matter at
Interfaces, Department of Physics, TU Darmstadt, Darmstadt 64289,
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A bioactive and stable interfacial layer favouring HUVEC cell adhe-
sion is a key factor in artificial vascular network construction. This
work investigates the impact of the mechanical and biochemical prop-
erties of PNIPAM microgel (MG) coatings on HUVEC cell adhesion
and proliferation on 3D printed polymeric surfaces. MG stiffness can
be varied based on cross-linking, and bioactivity can be imparted by
functionalizing MG with RGD-based peptide mimicking extracellular
matrix (ECM) ligands. HUVEC cell culture studies showed significant
effects of MG stiffness on cell adhesion and proliferation, with fur-
ther improvement due to biochemical functionalization. In addition,
different spacers were used to enhance cell attachment and growth.

MG adhesion on different substrates was also evaluated, reveal-
ing significantly stronger adsorption on 3D-printed polymeric surfaces
compared to inorganic substrates. AFM imaging confirmed the pres-
ence of firmly adhered MGs beneath the cells, demonstrating long-term
coating integrity under biological conditions.

These results demonstrate that PNIPAM MG coatings provide a
robust, tunable, and bioactive platform for controlling HUVEC be-
haviour and represent a promising strategy for endothelialization of
3D-printed vascular structures.

CPP 46.19 Thu 9:30 P5
Crystallization behavior of electron beam modified Polylac-
tide acid (PLA) — eREcINE BorLpT!, ELISABETH HAUSCHILD!,
MicHAEL MULLER!, and Markus StomMmeLD2 — 1Leibniz Institut
fuer Polymerforschung Dresden, Germany — 2?Dresden University of

Technology, Germany

Polylactic acid (PLA) is a polymer synthesized from renewable raw
materials. The properties of PLA are essentially determined by its
chemical/physical structure, such as molar mass, molar mass distribu-
tion, D-isomer content, and the resulting morphology. The morphol-
ogy can be influenced by modifying the molecular structure on the one
hand, and by the process parameters during processing on the other.
Since PLA crystallizes very slowly, high cooling rates, which occur in
processing methods such as injection molding, usually result in amor-
phous components. In this work, we modified PLA using high-energy
electrons in order to accelerate its crystallization without adding ex-
ternal additives. The resulting changes in crystallization kinetics were
analyzed and correlated with the morphology after irradiation. The
spherulite growth rates were determined quantitatively using hot stage
experiments on a light microscope. The results show that electron-
modified PLA exhibits substantially increased crystal growth rates,
enabling significant reductions in cooling time during processing oper-
ations such as injection molding.

CPP 46.20 Thu 9:30 P5
Diffusion and stiffness characterization of photocrosslinked
hydrogels to replicate biological tissues — eLeNA HILF!, Dim-
1Tris Missirris?2, and Kar MELDE! — !Institute for Molecular Sys-
tems Engineering and Advanced Materials, Universitat Heidelberg —
2MPI for Medical Research, Heidelberg

Microphysiological systems (MPS), such as organs-on-a-chip, aiming
to replicate the spatial arrangement of biological tissues found in vivo
are in need of a reliable and replicable way to recreate the biophysi-
cal environment including topography and mechanical properties. One
possible route is via selective photocrosslinking of hydrogel scaffolds,
which can be performed in situ in microfluidic platforms.

However, we still lack reliable information about key properties of
potential hydrogel candidates in these systems, which influence cell
adhesion and spreading, as well as the uptake of media components.

In this work, we characterize the stiffness, mesh size and diffusion
constant of a range of hydrogels created using photolithpgraphy. We
employ both optical and mechanical approaches, taking into account
the versatility of hydrogel responses to different measurement methods.

Our results together with cell proliferation assays allow for a more
targeted choice of hydrogels to serve as artifical extracellular matrices
in MPS.

CPP 46.21 Thu 9:30 P5
Characterization of bimodal PMMA-PDMS suspensions us-
ing light scattering — eKATHARINA GAUS and JoAacHIM WAGNER
— University of Rostock, Rostock, Germany

Poly-dimethylsiloxane coated PMMA particles index matched in tetra-
line/decaline mixtures are well defined model systems for hard spheres
with tunable particle size. Binary mixtures of these core-shell parti-
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cles with slightly different sizes artificially increase the polydispersity
of colloidal model systems preventing crystallization at large volume
fractions and thus enabling the preparation of colloidal glasses. Using
a priori knowledge of both species’ topology, even in the limited range
of wave vectors accessible with light scattering experiments, the reli-
able structural characterization of mixtures is possible. Hence, such
binary mixtures are promising model systems for colloidal glasses.

CPP 46.22 Thu 9:30 P5
Cycles of buckling in gel phase giant unilamellar vesicles —
o AzELINE HILAIRE, ANTONIO STOCCO, JEAN FARAGO, and FABRICE
THALMANN — Institut Charles Sadron, Strasbourg, France

Buckling can be observed in giant unilamellar vesicles (GUVs) in gel
phase, leading to shape deformations under external stress. Such de-
formations may offer functional advantages, particularly for inducing
motion at low Reynolds numbers.

Recently, lipid-coated microbubbles were shown to exhibit directed
motion through deformation cycles, suggesting a broader potential for
soft interfaces to generate propulsion. Inspired by this, we investigate
whether similar mechanisms can be used in isolated GUVs under cycles
of deformation, with the goal of understanding and eventually trigger-
ing symmetry-breaking dynamics. We aim to use shape hysteresis for
producing directed motion.

Gel-phase GUVs were fabricated via hydration method and charac-
terized by their ability to transition between buckled and unbuckled
states. We exposed these vesicles to cyclic fields using three distinct
methods: (i) oscillatory shear flows, (ii) osmotic pressure, (iii) On/Off
cycles of light applied with optical tweezers. In some of these cases,
the membrane exhibited buckling.

Although directed motion has not yet been observed, the buckling
response establishes a first result for future efforts to induce propulsion
in vesicles. These preliminary results offer a first step towards explor-
ing whether shape hysteresis in membranes could one day be used for
active functions.

CPP 46.23 Thu 9:30 P5
Dynamics of trifunctional hybrid nanoparticle assemblies —
eTHOMAS DARTIGE!, YINAN FaN2, CLEMENT MARQUE!, ALI ABoOU-
Hassan2, and ANToNIO STocco! — llInstitut Charles Sadron, Stras-
bourg, France — 2Phenix Lab, Paris, France

Active colloids are colloidal systems able to consume energy to pro-
duce work, such as directed motion. Self-propulsion in micrometric
particles can be achieved through surface asymmetries, using diffusio-
phoresis (via asymmetric catalytic properties) or thermophoresis (via
asymmetric light absorption). However, the combining of several active
properties into one single colloidal system remains poorly explored. In
this work, we present a hybrid system synthesized by combining dis-
tinct nanoparticles, and investigate its ability to exhibit diffusiophore-
sis, thermophoresis, and respond to magnetic field gradients.

CPP 46.24 Thu 9:30 P5
Physics-Informed Neural Inference with Multilayer DWBA
Modeling for Quantitative GISAXS — ¢Oztm EMRE Asirimb2,
YureNG Zuar!, MaArINA TropPMANN-Frick?, and STEPHAN V.
Rorul:3 1Deutsches Elektronen-Synchrotron DESY FS-SMA
Notkestr. 85 22607 Hamburg Germany — 2HAW Hamburg Berliner
Tor 7 20099 Hamburg Germany — 2KTH Royal Institute of Technol-
ogy, SE-100 44 Stockholm, Sweden

Quantitative GISAXS analysis is often constrained by the complex-
ity of multilayer scattering, film-nanoparticle coupling, and the lim-
ited availability of physically interpretable synthetic datasets for train-
ing modern inference models. We address these challenges with a
physics-informed neural framework that integrates a compact multi-
layer DWBA formulation with a hybrid CNN-Transformer architec-
ture. The forward model captures essential film and nanoparticle scat-
tering through per-layer incoherent DWBA terms, normalized form
factors, structure factors, and DWBA-based field enhancement, yield-
ing a reduced and physically coherent parameter space suitable for
inversion. Measurement variability is modeled through noise, detector
effects, and the ability to generate time-series data for evolving struc-
tures. Leveraging this parameterization, the CNN-Transformer net-
work jointly extracts local scattering motifs and long-range reciprocal-
space correlations, enabling accurate recovery of film- and particle-level
parameters. Validated through forward reconstruction using the same
physics model, the workflow provides a fast, interpretable, and physi-
cally grounded solution for high-throughput GISAXS analysis.
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CPP 46.25 Thu 9:30 P5
How Polymer Architecture Shapes the Phase Behavior
of Polyelectrolyte Complex Coacervates — eLLENA TARRACH,
Davip BEYER, and CHRISTIAN HoLM — Institute for Computational
Physics, University of Stuttgart, Stuttgart, Germany

Polyelectrolyte (PE) complex coacervation is an associative liquid-
liquid phase separation that can occur in mixtures of oppositely
charged macromolecules. Although this phenomenon is widely stud-
ied, the effects of the polymer architecture on the phase behavior of
PE complex coacervates have not been considered so far. To close this
gap, in this contribution, coarse-grained molecular dynamics (MD)
simulations with the ESPResSo software [1]| are applied to calculate
the phase diagram of branched PEs with varying numbers of arms
but the same overall molecular weight. The slab method is used to
establish the coexistence of the coacervate phase and the supernatant
solution. The number of arms of the PEs is systematically increased to
assess the influence of the PE topology on the phase behavior. The ob-
tained phase diagrams are subsequently compared to theoretical phase
diagrams calculated using the random phase approximation.

[1] Florian Weik, Rudolf Weeber, Kai Szuttor, Konrad Breit-
sprecher, Joost de Graaf, Michael Kuron, Jonas Landsgesell, Henri
Menke, David Sean, and Christian Holm. ESPResSo 4.0 - an ex-
tensible software package for simulating soft matter systems. The
European Physical Journal Special Topics, 227(14):1789-1816, 2019.
d0i:10.1140/epjst /e2019-800186-9.

CPP 46.26 Thu 9:30 P5
Self-assembled Micelles from Charged Block Copolymers: In-
sights from Small-Angle X-ray Scattering (SAXS) — eY1juUN
Zuao', VARvARA CHRYSOSTOMOU2, ATHANASIOS SKANDALIS?, STE-
FANO DA VELA3, STERGIOS Pispas?, and CHRISTINE M. Papapakis!
— 1TUM School of Natural Sciences, Soft Matter Physics Group,
Garching, Germany — 2Theoretical and Physical Chemistry Institute,
NHRF, Athens, Greece — EMBL at DESY, Hamburg, Germany

Block copolymer micelles have been widely studied due to their
ability to load drugs. Positively charged micelles have been pro-
posed to complex DNA, enabling efficient gene therapy. To achieve
highly tunable morphology, self-assembled micelles from the di-
block copolymers PDMAEMA-b-PLMA and the triblock terpolymers
PDMAEMA-b-PLMA-b-POEGMA are investigated in aqueous solu-
tion [1]. Here, PDMAEMA stands for the weak polycation poly(2-
(dimethylamino)ethyl methacrylate), PLMA for the hydrophobic, but
soft poly(lauryl methacrylate), and POEGMA for the hydrophilic
poly(oligo(ethylene glycol) methacrylate). Small-angle X-ray scatter-
ing (SAXS) on dilute aqueous solutions revealed that PDMAEMA-
b-PLMA forms ellipsoidal core-shell micelles, with their size and in-
ner structure depending on temperature and the pH value. For the
triblock terpolymers, the micellar structures depend strongly on the
block lengths.
[1] V. Chrysostomou et al., J. Polym. Sci. 63 1684-1694 (2025).

CPP 46.27 Thu 9:30 P5
Pump-probe spectroscopy on the polyelectrolyte donor poly-
mer PTHS for solar cell applications — eMick GINDORF!, ANNA
KonLErR!, CuRisTOPHER VoacT?, and JoHaNNEs C. BRENDEL?
LChair of Soft Matter Optoelectronics, University of Bayreuth —
2Chair of Macromolecular Chemistry I, University of Bayreuth

Poly(3-hexylthiophene) (P3HT) is a well-researched donor polymer
for application in organic solar cells (OSCs). Side chain modifica-
tion of P3HT with sulfonate groups yields PTHS, a polyelectrolytic
donor polymer with high hole transport mobility [1]. This polyelec-
trolyte possesses two key advantages: Firstly, exchange of the cationic
counter ions enables insolubilization of the donor layer, allowing sim-
ple fabrication of donor-acceptor bilayer systems by sequential spin
coating with a wide variety of acceptors, including both fullerene and
non-fullerene acceptors (NFAs). Secondly, adjusting the counter ion
composition enables tuning of the donor energy level and thereby the
donor-acceptor energy level offset (E, r), which is critical for achieving
high open circuit voltages (Voc). These properties make PTHS an ideal
model system for the investigation of exciton dissociation in OSCs with
spectroscopic techniques, including time-resolved transient absorption
spectroscopy. Probing the exciton dissociation dynamics as a function
of E,¢y on a picosecond timescale in different donor-acceptor systems
yields valuable insights into the energetic and entropic contributions
that help overcome the exciton binding energy in OSCs.
1) Brendel, J. et al. Chem. Mater. 2014, 26, 6, 1992-1998
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CPP 46.28 Thu 9:30 P5
PEDOT Molecular Imprinting in PEDOT:PSS/PDADMA
Layer-by-Layer Films — eMARTIN HUNGER, MunaMMAD KHUR-
rAM, and CHRISTIANE A. HELM — martin.hunger@uni-greifswald.de

PPEDOT:PSS films are widely used because they offer high conductiv-
ity & tunable electro-optical properties. We prepare PEDOT:PSS films
with a thickness of up to 150 nm using Layer-by-Layer assembly. We
vary the preparation conditions: flow cell, dip coating, PEDOT:PSS
concentration in solution, and rinsing steps. Whenever PDADMA is
the top layer, UV-vis-IR absorption spectroscopy shows that there is
significantly less PEDOT in the films than when PEDOT:PSS is the
top layer. Films prepared using the flow cell have the highest electrical
conductivity (approx. 200 kS/m) with PEDOT:PSS. When PEDOT is
the top layer, conductivity is reduced by a factor of 100. The conduc-
tivity of films prepared with dip coating with PEDOT:PSS as the top
layer is one order of magnitude lower or more. When PDADMA is the
top layer, conductivity drops by an additional 4 to 5 orders of magni-
tude. Thus, during assembly, PEDOT can be selectively removed and
subsequently rebound to the film, leaving behind well-defined molec-
ular cavities that preserve their shape and enable reconstruction of
percolative pathways.

CPP 46.29 Thu 9:30 P5
PDADMA /PSS Multilayer Buildup in NaBr Solution: Ver-
tical PSS Diffusion and Unusual Growth — ePER-OLE HILKEN,
Issam Assi, and CHRISTIANE A. HELM — Institute of Physics, Uni-
versity of Greifswald, Germany

Polyelectrolyte multilayers form by sequential adsorption of oppositely
charged polyelectrolytes. The interfaces between the adsorption lay-
ers are fuzzy; in the exponential growth regime of PDADMA /PSS
(poly(diallyldimethylammonium) /polystyrene sulfonate) multilayers
PSS diffuses vertically through the film. We determine its vertical
diffusion coefficient Dpgg using a quartz crystal microbalance with
dissipation (QCM-D). The scaling laws for Dpgg in dependence of the
NaBr concentration are similar to those found with NaCl in the deposi-
tion solution (Sill et al., Macromolecules 2025), however, the diffusion
coefficient is one to two orders of magnitude larger. The dependence on
PSS molecular weight M pgs is qualitatively the same as with NaCl in
the deposition solution: Polymer diffusion dominates multilayer build-
up when Mpgg < 76 kDa.; at larger Mpgg, site diffusion dominates;
i.e. diffusion of charged repeat units with their counterions. For poly-
electrolyte multilayers in the non-exponential growth regimes it is well
known and also found with that an increase in the salt concentration
leads to thicker multilayers. This is not the case if the NaBr concentra-
tion exceeds = 0.6 M; additionally, film stability becomes an issue. To
understand the unusual behavior, the dissipation during film build-up
is quantified. The surface topography is investigated with AFM.

CPP 46.30 Thu 9:30 P5
Structural influences on nonlinear optical activity in the het-
erocubane family — eALEXANDER KAPP and SIMONE SANNA —
alexander.kapp@pysik.uni-giessen.de

Recent progress in the study of molecular clusters with extreme nonlin-
ear optical response has highlighted their potential for coherent broad-
band light generation. To extend the library of suitable candidate
materials, we investigate the linear and nonlinear optical properties
of a family of heterocubanes with the general formula [(RM)4Pna4],
where M = C, Si, Ge, Sn, Pn = N, P, As, Sb, Bi, and R = H,
Me, Ph. Using ab initio density functional theory, we analyze their
structural and electronic characteristics, including optimized geome-
tries, symmetry features, band gaps on different theoretical levels and
shape of the HOMO-LUMO orbitals. Both the linear and the non-
linear (SHG) optical responses of all systems are computed using the
Yambo code. Clear trends emerge that link the optical activity to
the choice of pnictogen, tetrel, and substituent. These findings help
identify promising candidates for nonlinear optical applications and
contribute to a deeper understanding of structure—property relations
in heterocubane materials.

CPP 46.31 Thu 9:30 P5
A micellar solution from thermoresponsive block copoly-
mers during pressure jumps — eYanponNg Wanc!, GEeTHU P.
MEeLEDAM!, LEONARDO CHiaPPISI?, CRISTIANE HENSCHEL3, ANDRE
LascHEWSKY>#, ALroNs ScHULTE?, and CHRISTINE M. Papapaxkis!
— ITUM School of Natural Sciences, Soft Matter Physics Group,
Garching, Germany — 2ILL, Grenoble, France — 3Universitit Pots-
dam, Germany — *Fraunhofer IAP, Potsdam-Golm, Germany —
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5University of Central Florida, Orlando, U.S.A.

The diblock copolymer PMMA-b-PNIPAM, consisting of a hy-
drophobic poly(methyl methacrylate) and a thermoresponsive poly(N-
isopropylacrylamide) block, forms core-shell micelles in dilute aqueous
solution at atmospheric temperature. These micelles aggregate upon
heating or applying pressure. Previous studies have shown that the
micellar shell remains hydrated in the two-phase region under high
pressure, in contrast to the strongly dehydrated micelles observed in
the two-phase region at atmospheric pressure [1]. In this work, we
analyzed the micellar transition kinetics during rapid pressure jumps
using time-resolved small-angle neutron scattering (SANS). The sys-
tem was driven from the one-phase region into the two-phase region
at target pressures in both low- and high-pressure regimes.

[1] P. A. Alvarez Herrera et al., Macromolecules 2024, 57, 10263.

CPP 46.32 Thu 9:30 P5
Photoresponsive Interfacial Behavior of Hybrid
Photosensitizer-Surfactant Mixtures — ePuaT TaN Puam!,
JuLius GemEN?, Frank GLorius?, and BJOrN BRAUNSCHWEIG!
— 1Universitit Miinster, Institut fiir Physikalische Chemie, Cor-
rensstr. 28/30, 48149 Miinster — 2University of Miinster, Organisch-
Chemisches Institut, Corrensstrafie 40, 48149 Miinster

Fluid interfaces that adapt to external triggers such as light or temper-
ature are of great interest for driving changes in soft matter systems like
foams and emulsions. Arylazopyrazoles (AAPs), as photo-responsive
surfactants, can control surface tension and molecular organization at
air-water interfaces through E/Z photoisomerization. However, light-
induced switching of AAP derivatives is typically limited to UV and
green light. To overcome this, we combined AAP with the water-
soluble photosensitizer resazurin (Rez) and achieved pronounced in-
terfacial changes under 625 nm red-light irradiation. By tuning the
AAP /Rez molar ratio, we further introduced history-dependent, quasi-
adaptive changes in surface tension and molecular structure. The latter
was examined in situ with surface tensiometry and vibrational sum-
frequency generation (SFG) when the samples where irradiated at 365,
520, or 625 nm. We propose that red-light activation occurs at the in-
terface, through photoexcited Rez moieties at 625 nm and subsequent
intersystem crossing to adjacent interfacial AAP molecules. These
results demonstrate a new strategy to extend the optical control of
photo-responsive surfactants into the red-light region.

CPP 46.33 Thu 9:30 P5
Thermoresponsive Microgel Membrane for applications in an
Electrochemical Device — eADITI GUJARE!, STEFANIE UREDATZ,
Jonas Runge2?, DoMmENico TRrRuzzoLiLLo', JULIAN OBERDISSE!,
and THOMAS HELIWEG2 — 1Soft Matter Physics Team, Laboratoire
Charles Coulomb, University of Montpellier, Montpellier, France —
2Physical and Biophysical Chemistry, Bielefeld University, Bielefeld,

Germany

Microgels based on NIPAM are thermoresponsive with a volume phase
transition temperature (VPTT) of 33°C. The VPTT has been ob-
served to shift by copolymerizing these microgels with comonomers
such as N-hydroxymethyl acrylamide (HMAM).[1] Different sets of
copolymers have been tested, NIPAM-co-HMAM and NIPMAM-co-
HMAM. These microgels have been observed to have a VPTT up to
60°C. The copolymer microgels based on the comonomer HMAM has
an alcohol group, making it prone to condensation at high temper-
atures (above 90°C) resulting in formation of a membrane. These
thermoresponsive, chemically crosslinked membranes have been pre-
pared by dropcasting and crosslinking at 100°C. Such membranes
can be prepared in a range of thickness, of 30-800 um. The re-
sistance of these membranes of different thickness, comonomer con-
tent, and at different temperatures are being tested. Resistance mea-
surements at room temperatures show that thicker membranes are
more resistive in a certain concentration of an electrolyte. [1]Gu-
jare,Uredat,Runge,Morgenstern, Truzzolillo,Hellweg,Oberdisse, Lang-
muir 2025, 41, 45, 30442

CPP 46.34 Thu 9:30 P5
Correlating molecular properties of tetraphenylethylene sub-
stituted tetraphenyl heteoadamantanes to nonlinear optical
activity — eEva WESTENFELDER GIL and SIMONE SANNA — Institut
fiir Theoretische Physik, Justus-Liebig-Universitat Gieffen, Germany

Recent studies have demonstrated white light generation from molecu-
lar clusters with adamantane-like cores and various substituents [1,2].
Subsequent investigations on isolated molecules revealed correlations
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of the structural, electronic and optical properties [3]. Building on
this foundation, we focus here on further investigating structural, elec-
tronic, and (nonlinear) optical properties from first principles for iso-
lated molecules with modified cores. In this contribution, we report
on [(PhSn)3(TPESi)S¢| and [(PhSn)3(TPESi)Ses] clusters, which are
modeled within density functional theory. Distinct changes in the spec-
tral signatures can be observed. The presented results expand on theo-
retical foundations for the design of tailored nonlinear optical sources.

[1] N. W. Rosemann et al, Science 2016, 352, 1301

[2] N. W. Rosemann et al, J. Am. Chem. Soc.
16224-16227

[3] F. Ziese et al, 2024. J. Phys. Chem. A 128, 8360-8372

2016, 138, 50,

CPP 46.35 Thu 9:30 P5
Modeling Structural and Electronic Properties of Functional
Organic Molecules — eLiNnDA DUREN and SIMONE SANNA — In-
stitut fiir Theoretische Physik, Justus-Liebig-Universitiat Giefsen, Ger-
many

In this work, various organic molecules with the general composition
[(RT)4Eg¢] are investigated using density functional theory (DFT) to
model their structural, electronic, and optical properties. Ground-
state geometries and energies, as well as the frequency-dependent op-
tical parameters, are calculated for the isolated clusters. The study
includes tetraphenyladamantane and its halogenated derivatives, as
well as other heteroadamantanes with a heterogeneous ligand field of
the type (MeC)(CH2)3(PhSn)E3 with E = S, Se, Te, CHa.

The theoretical results provide insights into the relationship between
molecular structure and optical behavior, building on previous studies
of nonlinear optical responses in organotetrel and (hetero)adamantane-
type clusters [1] and amorphous molecular materials for directed super-
continuum generation [2]. The results are compared with experimental
data where available and demonstrate the potential of these classes of
molecules for applications in optics.

[1] Ziese et al., J. Phys. Chem. A 128, 8360 (2024)
[2] Dehnen et al., ChemPhotoChem 5, 1032 (2021)

CPP 46.36 Thu 9:30 P5
Tuning PNIPAM Phase Transition and Interfacial Structures
— eZucENG ConG, MicHAEL HARDT, and BJORN BRAUNSCHWEIG —
University of Miinster, Institute of Physical Chemistry, Miinster, Ger-
many

In this work, we aim to introduce the concept of a self-regulating
negative-feedback system in which an exothermic photochemical pro-
cess would be coupled to the thermo-responsive polymer PNIPAM. In
such a scheme, reaction-generated heat would raise the solution tem-
perature, trigger PNIPAM collapse, increase turbidity, and thereby
limit light penetration—providing an intrinsic mechanism to suppress
further heat generation. For that, we characterize the PNIPAM
phase transition through temperature-dependent turbidity measure-
ments while varying SDS and NaCl concentrations as well as the water-
ethanol co-solvent composition. To elucidate interfacial contributions,
surface-specific sum-frequency generation (SFG) spectroscopy is used
to probe adsorption layers at the air-water interface, taken as a model
for micellar environments. These measurements reveal how surfactant
loading, solvent composition, and electrolyte concentration reorganize
interfacial structures below and above the PNIPAM phase-transition
temperature. This provides the physicochemical basis required for de-
signing a feedback-controlled photochemical soft matter system.

CPP 46.37 Thu 9:30 P5
Quasi-elastic neutron scattering of perdeuterated poly(IN-
isopropylacrylamide) and hydration changes across the
demixing transition — eALrons ScuuLTE!, ERic RENDE!, MAR-
cELL WoLF2, THOMAS MULLER®, DIRK SCHANZENBACH?, ANDRE
LascuEwsky®®, and CHRISTINE M. Papapakis® — 1Department of
Physics and College of Optics and Photonics, University of Central
Florida, Orlando, U.S.A. — 2Heinz Maier-Leibnitz Zentrum (MLZ),
TUM, Garching, Germany — 3FZ Jiilich, JONS at MLZ, Garching,
Germany — *Institut fiir Chemie, Universitit Potsdam, Potsdam-
Golm, Germany — SFraunhofer-Institut fiir Angewandte Polymer-
forschung, Potsdam-Golm, Germany — STUM School of Natural Sci-
ences, Soft Matter Physics Group, Garching, Germany

We investigate the hydration dynamics of perdeuterated poly(N- iso-
propylacrylamide) (PNIPAM-d10) to elucidate the molecular mech-
anism of its demixing transition. Quasi-elastic neutron scatter-
ing (QENS) and Raman spectroscopy were measured in a 25 wt%
PNIPAM-d10 aqueous solution over the temperature range from 298
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to 325 K. There is a significant upward shift in the cloud point by about
4 degrees. Deuteration suppresses incoherent scattering from the poly-
mer, allowing a clear view of hydration water dynamics. The dynamic
susceptibilities reveal the relaxation processes for bulk and bound wa-
ter, with the bound fraction decreasing sharply near the transition.
The relaxation times of hydration water are consistently lower than in
the protiated polymer, indicating faster local dynamics. Raman spec-
tra show abrupt C-D band frequency shifts at the transition, reflecting
side-group dehydration.

CPP 46.38 Thu 9:30 P5
Thermoresponsive Microgels with hydrophilic Monomers —
oSTEFANIE UREDAT!, AprTi Guiare?, Jonas Runge!, DoMENICO
TRuzzoLILLO?, JuLIAN OBERDIsSEZ, and THomas HeLiweg!
IPhysical and Biophysical Chemistry, University Bielefeld, Bielefeld,
Germany — 2Laboratoire Charles Coulomb (L2C), University of Mont-

pellier, CNRS, Montpellier, France.

To develop fully smart membranes for use in low-temperature fuel cells
operating at around 80-90 °C it is essential to achieve a high volume
phase transition temperature (VPTT) within this range. To reach
these high VPTTs, new monomers are required for microgel synthesis.
The most common and researched monomers have a VPTT around
the human body temperature [1]. To rise the VPTT we increased the
hydrophilicity of the monomers by adding a hydroxy group to the well-
known NIPAM and got HIPAM (N-(2-hydroxyisopropyl)acrylamide).

To tune the VPTT to higher Temperatures a series of microgels
with two different main monomers (NIPAM and NIPMAM) with dif-
ferent contents of HIPAM as comonomer were synthesised. The mi-
crogels were observed by Dynamic Light Scattering and AFM. With
higher HIPAM content the VPTT of the microgels increases and
widens. We also observe a jump in size with increasing hydrophilic
monomer content. We also investigated a second hydrophilic monomer
N-(hydroxymethyl)acrylamide (HMAM). 2]

[1] Uredat, Runge, Gujare, PCCP, 2024, 2732. [2| Gujare, Uredat,
LANGMUIR 2025, 41, 45, 30442 [3] The authors acknowledge funding
from the DFG (505656154) and ANR (ANR-22-CE92-0052-01)

CPP 46.39 Thu 9:30 P5
The phase transition of perdeuterated thermoresponsive
polymers — eCHENRUI Ding!, KuNno ScHWARzZERZ, ALFONS
Scuurre3, and CHRISTINE M. Papapakis’ — 1TUM School of
Natural Sciences, Soft Matter Physics Group, Garching, Germany
— 2JCNS-1, FZ Jiilich GmbH, Germany — 3University of Central
Florida, Department of Physics and College of Optics and Photonics,
Orlando, U.S.A.

The interaction of thermoresponsive polymers with water has been
amply studied with respect to the cloud point temperature and the
latent heat at the transition, using, among others, turbidimetry and
differential scanning calorimetry (DSC) [1]. New information on the
polymer-water interaction can be gained using perdeuterated poly-
mers. We present results on poly(N-isopropyl acrylamide) (PNI-
PAM) and poly(N-isopropyl methacrylamide) (PNIPMAM) and their
perdeuterated versions in aqueous solution as a function of polymer
concentration and establish the transition behavior.

1. C.-H. Ko, C. M. Papadakis et al., Macromolecules 53, 6816 (2020)

CPP 46.40 Thu 9:30 P5
Steel Mesh-Supported SNW-1/CsPbBr3 Nanocomposite:
Photocatalyst for Sustainable Ammonia Production
eNEGIN KHOSROSHAHI and VAHID SAFARIFARD — Iran University of
Science and Technology, Tehran 16846-13114, Iran

The conversion of solar energy into chemical energy through photo-
catalysis is an important field of interest in green energy generation
and environmental improvement [1]. Nevertheless, its effectiveness cur-
rently falls short of expectations, primarily due to the issue of charge
recombination. To address this challenge, the photocatalytic effect has
become an optimistic approach for enhancing processes [2]. In this re-
search, we have developed a Steel Mesh-Supported SNW-1/CsPbBr3
nanocomposite by combining covalent-organic frameworks with metal
halide perovskite. To gauge their effectiveness, the heterostructure
was assessed by employing multiple characterization methods includ-
ing XRD, IR, FESEM, DRS, EDX, VSM, PL, EIS, Zeta, and BET. Af-
ter the composite’s preparation and characterization, we examined its
photocatalytic activity in nitrogen reduction. The SNW-1/MHP /Steel
mesh nanocomposite exhibited exceptional performance in ammonia
generation. These findings suggest that the SNW-1/MHP /Steel mesh
nanocomposite holds promise as an environmentally friendly and cost-
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effective photocatalyst, capable of addressing the challenges of sustain-
able ammonia production. This study presents a promising method for
identifying effective photocatalytic materials using mesh substrates to
address environmental concerns.

CPP 46.41 Thu 9:30 P5
Engineering MOF@QMOF Heterojunction for Photocatalytic
N2 Reduction to NH3 — eMaepeEH AtTouri KasHani, NEGIN
Knosrosuani, and VAHID SAFARIFARD — Iran university of science
and technology, Tehran, Iran

Photocatalytic nitrogen fixation is a promising green alternative to
the Haber-Bosch process, but cobalt-based MOFs typically suffer from
poor stability in water. Here, two Co-terephthalate frameworks were
synthesized via solvothermal routes: MOF-71 from Co(NO3)3.6H20
and ultrathin Co-BDC nanosheets from CoCl2.6H20 in the presence of
triethylamine, water, and ethanol. Both materials showed high phase
purity and strong visible-light absorption. To improve the limited sta-
bility of Co-BDC, a Ce-based MOF overlayer was constructed on Co-
BDC and MOF-71, forming a Ce-Co MOF-on-MOF composite. The
Ce shell enhanced water stability, facilitated charge separation, and
promoted N2 activation at the heterointerface. As a result, the Ce-
Co-BDC composite delivered markedly higher ammonia production
and durability than pristine Co-BDC. This work highlights the critical
roles of precursor chemistry and Ce-Co interfacial engineering in de-
veloping robust MOF photocatalysts for solar-driven nitrogen fixation.
[1] S. Nabi, M.M. Bhat, A. Hamid, A.Y. Bhat, A.U. Bashir, Q. Jan,
P.P. Ingole, M. Bayati, M.A.J.A.S.S. Bhat, (2025) e00112. [2] G. Song,
Y. Shi, B. Yang, Y. Yang, H.J.I.C. Pang, 64 (2025) 6265-6274.

CPP 46.42 Thu 9:30 P5
Structural Insights into Supported Ionic Liquid Phases —
oY UrEl Wul, JuLius ScHLUTER?, CHANDAN K. Das?®, Zuvo CHeN!,
ALexis BorpET!, MaRrIA FyTa®, and THomas Wiecanp!2 — 1Max
Planck Institute for Chemical Energy Conversion, Mulheim an der
Ruhr, Germany — 2Institute of Technical and Macromolecular Chem-
istry, RWTH Aachen University, Aachen, Germany — 3Computational
Biotechnology, RWTH Aachen University, Aachen, Germany

Metal nanoparticles supported on molecularly modified surfaces
(MMSs) offer significant potential for the development of advanced
materials chemistry, particularly in catalysis. In this work, we focus
on supported ionic liquid phases (SILPs) as a representative class of
MMS materials. The SILP material was synthesized by functional-
izing an amorphous silica surface with a layer of phosphonium-based
ionic liquid (IL) covalently bound to the silica. The structural fea-
tures of the SILP, specifically the conformation of the phosphonium IL
cations, were characterized using magic-angle spinning (MAS) solid-
state NMR spectroscopy. To complement the experimental findings,
all-atom molecular dynamics (MD) simulations were performed on IL-
modified silica surfaces. These simulations provided atomic-level in-
sights into the structural organization and conformational dynamics of
the IL molecules in the SILP materials. This combined approach paves
the groundwork for future studies aimed at realizing SILP materials
as efficient catalytic templates.

CPP 46.43 Thu 9:30 P5
Towards stable passivation layers on III-V-semiconductor
nanowires for photoelectrochemical water splitting applica-
tions — eCHRIS YANNIC BOHLEMANN, PAVITHIRA MANOHARAN, SA-
HAR SHEKARABI, PETER KLEINSCHMIDT, THOMAS HANNAPPEL, and
JuLiaANE KocH — Technische Universitdt Ilmenau, Fundermentals of
Energy Materials, Ilmenau, Germany

The production of green hydrogen is expected to play a crucial role
in achieving a sustainable, climate-neutral economy. Although III-V
semiconductors offer record solar-to-hydrogen conversion efficiencies,
the large-scale deployment is limited by the scarcity of the required
materials. III-V nanowires (NWs) are a promising approach, as they
require less material than planar films, and exhibit an enhanced opti-
cal absorption, as well as benefit from a high surface-to-volume ratio
[1].

However, the instability of III-V materials in aqueous electrolytes
leads to rapid corrosion and short lifetimes of photoelectrodes. To ad-
dress this limitation, we investigated the growth behavior, electrical
properties, and corrosion stability of GaAsP NWs and subsequently
passivated with GaP(N) shells grown via metal-organic vapor-phase
epitaxy. Scanning electron microscopy was used to examine the growth
quality, crystal orientation, defect structures, and degradation before
and after extended operation under water splitting conditions. Our re-
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sults demonstrate that the application of a GaP(N) passivation layer
significantly enhances the structural integrity and durability of the
NWs during continuous photoelectrochemical water splitting.

[1] J. Koch et al., Adv. Energ. Sust. Res. €202500156, 2025.

CPP 46.44 Thu 9:30 P5
A Bottom-Up Coarse-Grained Model of Nanoparticles Dec-
orated with Oppositely Solvent-Responsive Diblock Copoly-
mers for Reversible Self-Assembly — eDANIEL OTSCHKOWSKI
and ARASH NIKOUBASHMAN — Leibniz-Institut fiir Polymerforschung
Dresden e.V., Dresden, Germany

Polymer-grafted nanoparticles (PGNPs) combine the optical, mag-
netic, or electronic functionality of inorganic cores with the elasticity
and responsiveness of polymer chains. This hybrid character offers
multiple, orthogonal design parameters for controlling the structure
and properties of PGNP-based materials. In this work, we study spher-
ical NPs grafted with amphiphilic diblock copolymers composed of two
blocks with opposing solvent affinities, enabling reversible transitions
between assembly and disassembly states. In the assembly state, the
inner polymer block is solvophilic while the outer block is solvopho-
bic, thus collapsing into attractive patches; in the disassembly state,
the inner block forms a dense polymer shell which is surrounded by
a stabilizing hydrophilic polymer corona. To access device-relevant
time and length scales, we develop a bottom-up coarse-grained (CG)
model, where we describe the PGNPs in the assembly state as particles
with flexible, spring-tethered patches. Smoothly varying the effective
interactions allow the CG model to reproduce the continuous transi-
tion between both states. This approach enables efficient simulation of
large PGNP systems and provides insight into their reversible, stimuli-
responsive behavior.

CPP 46.45 Thu 9:30 P5
Organic cathodes based on polyaniline and cellulose for
aqueous Zn-ion batteries — eRamsna Wasi Kuan!, MERIEM
BoupseNaNe!, GiLes WiTTmMaNN!, XaverR Brenms?, Simon
ScHraAD?, XiNnvu Jiang3, StepnaN V. Rotn3, and Lucas P.
KrEUZER! — !Heinz Maier Leibnitz Zentrum (MLZ), TUM, Garching,

Germany — 2CEA, Grenoble, France — SDESY, Hamburg, Germany

Aqueous zinc-ion batteries are promising candidates for a non-toxic
and safer alternative to lithium-ion batteries, where organic cathodes
provide distinct advantages of sustainability, tunability and mechanical
flexibility. In this work, we investigate the role of polyaniline (PANTI)
as an organic cathode material, motivated by its high theoretical ca-
pacity, reversible redox chemistry, and intrinsic electrical conductivity.
To enhance stability against humidity-induced degradation, cellulose
derivatives are employed as green binders, enabling regulation of water
uptake and improved mechanical stability. Comprehensive multiscale
characterization is conducted to optimize the electrochemical perfor-
mance and structural integrity of PANI-based cathodes, as well as
understand the morphological changes and nanoscale water dynam-
ics under humidity. Advanced techniques such as cyclic voltammetry,
scanning electron microscopy (SEM), and quasi-elastic neutron scat-
tering (QENS) are used to support this analysis. It was observed that
the use of composite cellulose films as a binder with an optimized
composition effectively triples the current density and improves peak
reproducibility as well as the water uptake behaviour of the film.

CPP 46.46 Thu 9:30 P5
Integration of AgsS nanocrystals into flexible polymer matri-
ces — eDoOLORES GARcCIA DE VIEDMA GUERRA, PElJIANG WANG, and
BeaTriz HERNANDEZ JUAREZ — Instituto de Ciencia de Materiales de
Madrid (ICMM-CSIC), Madrid E-28049, Spain

A broad range of modern optical technologies, for instance flexible
photonics, require luminophores to be embedded within mechanically
versatile host materials [1|. Usually, transferring nanocrystals from
colloidal dispersions into polymer networks alters their physicochemi-
cal environment, which promotes surface traps and can thus signify a
loss in photoluminescence [2].

In this work we investigate AgsS nanocrystals integrated into flexi-
ble polymer matrices with the goal of preserving their NIR response.
We assess nanocrystal dispersion and spatial homogeneity, and probe
their optical performance under 808 nm laser excitation via pho-
toluminescence measurements and infrared spectroscopy, while NIR
imaging maps emission uniformity. The results yield bright, uniform
nanocrystal-polymer composites suitable for optoelectronic integra-
tion.

[1] Gordillo, H. et al. "Polymer/QDs Nanocomposites for Waveg-
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uiding Applications".Journal of Nanomaterials 2012, 960201, 2012.

[2] Marcus Jones et al. "Signatures of Exciton Dynamics and Carrier
Trapping in the Time-Resolved Photoluminescence of Colloidal CdSe
Nanocrystals". The Journal of Physical Chemistry C 2009, 113 (43),
18632-18642.

CPP 46.47 Thu 9:30 P5
Exploring the length limit for freestanding electrodeposited
Ni nanowires — ¢ ANNELIESE WIRTH and KARIN LEISTNER — Chem-
nitz University of Technology, Chemnitz 09107, Germany

Magnetic nanowire arrays are of interest from a fundamental and ap-
plication point of view due to the shape anisotropy and high surface-
to-volume ratio. This can be advantageous for 3D memory devices,
micro-hard magnets and catalysis. The goal of this project is to obtain
freestanding Ni nanowire arrays in order to functionalize their surface
and possibly apply electrolytic gating strategies for 3D magneto-ionic
materials in the future.[!) The Ni nanowire synthesis is performed by
electrodepositing Ni into aluminum oxide membranes that serve as
templates. Afterwards, the template is removed via dissolution of the
aluminum oxide to achieve freestanding nanowires. For nanowires with
high aspect ratio, this step usually leads to the collapse of the wires
into agglomerated bundles.[2] This causes the loss of the nanowires’
perpendicular alignment to the substrate. We show an optimized syn-
thesis that avoids the collapse of nanowires with high aspect ratio in
a large-scale array with a total size of around 0.5 cm?. The deposi-
tion time during the electrodeposition is varied to obtain nanowires
reaching up to more than 10 um length while the diameter is fixed to
200 nm. Scanning electron microscopy indicates that the freestanding
nature is related to irregularities of the nanowires which are introduced
by the specific template geometry and lead to the stabilization of the
array. 1 M. Nichterwitz et. al, ACS Mater. Au 2024, 4, 55. [2] N.
Winkler et. al, J. Mater. Chem. 2012, 22, 16627.

CPP 46.48 Thu 9:30 P5
Structure and Morphology Investigations of Perovskite
Nanocrystal Film — eAzam DavooDABADIFARAHANIT'2, THOMAS
Barer!, and PETER MULLER-BuscuBauM! — 1TUM School of Nat-
ural Sciences, Chair for Functional Materials, Garching, Germany —
2University of Applied Sciences, Munich, Germany

In recent years, perovskite quantum dot solar cells with the ABX3
structure have shown great promise due to their high power conversion
efficiency (PCE), high photoluminescence quantum yield (PLQY) and
narrow photoluminescence (PL) peak. Within the presented work, the
active layer consists of PQD thin films based on CsPbI3 and FAPbI3,
which exhibit high photoelectric performance. However, CsPblI3 has a
challenge with phase instability and FAPbI3 suffers from weak struc-
tural stability. To balance the performance and stability of the active
layer, FAxCs1-xPblI3 PQDs are employed as the light-absorbing layer.
The samples are evaluated using various optical and structural charac-
terization techniques, such as PL spectroscopy, scanning electron mi-
croscopy (SEM), X-ray diffraction (XRD) and grazing incidence x-ray
scattering (GIXS) to observe the influence of the synthesis process,
temperature, and deposition techniques on the crystal size, orienta-
tion, phase, and stability, all of which determine the external quantum
efficiency and optical performance.

CPP 46.49 Thu 9:30 P5
Surface-induced morphology and in-plane order in thin films
of polydiketopyrrolopyrroles — ¢ ANTON SINNER and OLEKSANDR
DovryncHUK — Martin Luther University Halle-Wittenberg, Germany

Board-like conjugated polymers are of particular interest in the context
of surface-induced ordering because they often exhibit a preferred out-
of-plane molecular orientation in thin films. Recent studies of ordering
in conjugated polymer films have found that the free surface induces
the formation of sanidic liquid crystalline (LC) mesophases with out-of-
plane, smectic-like positional order between polymer chains. However,
the question of whether the surface influences the in-plane order be-
tween polymer chains during ordering remained open. Here, we use
atomic force microscopy to investigate the surface morphology and
nanoscale structure formed on the surface of polydiketopyrrolopyrrole
(PDPP) films after slow cooling and ordering from the melt. We find
that the surface morphology consists of disc-like crystallites with di-
ameters roughly equivalent to the polymer contour length and heights
equivalent to several out-of-plane polymer layers. Thus, the observed
LC morphology is consistent with the earlier study of out-of-plane
molecular order. On a larger scale, multiple LC discs arrange into
string-like morphologies, suggesting the existence of orientational order
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among them. Quantitative analysis of the surface morphology allows
for calculating a distance-dependent orientation correlation function
for six-fold symmetry, which indicates the presence of quasi-long-range
order on the surface of PDPP films.

CPP 46.50 Thu 9:30 P5
Investigation of structure and transport properties in redox-
active polymers — eLaurAa HoLzErR! and Dippo Dippens? —
Hnstitut fiir Physikalische Chemie, Universitét Miinster, 48149 Miin-
ster, Germany — 2Helmholtz Institute Miinster, Forschungszentrum
Jilich GmbH, 48149 Miinster, Germany

Organic radical batteries are seen as an alternative to traditional
lithium-ion batteries. Their advantages include fast charge and dis-
charge processes, and mechanical flexibility. However, high power den-
sities are required for their application in the Internet of Things. To
achieve this, good charge transport is essential. This transport mech-
anism is guided by two factors: the movement of electrons along the
polymer, which is dictated by its structure, and the compensation of
charge by counterions, which affects their mobility. The focus here
is on a cathode material consisting of a redox-active polymer such
as poly(2,2,6,6-tetramethylpiperidinyloxy-4-ylmethacrylate) (PTMA),
which is in contact with a solvent. Classical molecular dynamics sim-
ulations of a PTMA cathode model are carried out. These provide
insights into the structural properties and dynamics of charge trans-
port. An outlook on the behaviour at interfaces around the cathode is
given.

CPP 46.51 Thu 9:30 P5
Ex-Situ Investigation of Latex Deformation ®SIMON
Scuraapb2) Suuxian Xiongb2, HELDER MARQUES SALVADOR?,
BENEDIKT SocHOR!, SARATHLAL KoviLoTH VavaLiLl'4, PETER
MULLER-BuscuBauM?, and StepuAaN V. Rorul® — IDESY, Ham-
burg, Germany — 2TUM School of Natural Sciences, Chair for Func-
tional Materials, Garching, Germany — 3CPP, Venlo/Poing, Nether-
lands/Germany — 4UPES, India — ?KTH, Department of Fibre and

Polymer Technology, Stockholm, Sweden

Colloidal polymer latexes are used in ink-jet printing to form a pigment
stabilizing layer on top of the cellulose layer. The latex film formation
(LFF) is influenced by humidity, temperature, minimum film forma-
tion temperature (MFFT), and glass transition temperature (7). Ex-
ceeding MFFT polymer colloids begin to deform and further heating
above the Ty polymers interdiffuse and coalesce into a homogeneous
coating layer. Here we investigate cellulose nanofibrils (CNF) thin
films coated with polystyrene colloids (diameters ranging from 100 to
500 nm) and commercially available polymeric colloids with different
MFFT (Neocryl A639 and A1127). The samples were prepared by
spray coating at temperatures below and above their Ty;. Scanning
electron microscopy revealed the size and shape of the colloids. Graz-
ing incidence small angle scattering data shows contributions of spher-
ical form factors from the colloids with respective diameters, which
changes upon heating. We present a design of an experimental spray
chamber to allow in-situ GISAXS and the spectral reflectance during
spray deposition of latex inks to be used at synchrotron facilities.

CPP 46.52 Thu 9:30 P5
A DFTB Pseudoatom-Based Fragmentation Strategy —
eKEVIN MACHTEL — Karlsruher Institut fiir Technologie, Institut fir
Physikalische Chemie, Karlsruhe, Germany

Theoretical investigations of charge transport mechanisms in large mo-
lecular systems often rely on efficient fragmentation strategies, to re-
duce computational costs. In conventional approaches, link atom frag-
mentation has been used for this purpose, but pseudoatom approaches
offer a more versatile alternative. They enable more efficient molecular
fragmentation, simplifying the overall fragmentation process. In this
study, we develop a novel density functional tight-binding pseudoa-
tom fragmentation scheme for complex molecular systems. We tested
our approach on 9,10-di(quinolin-6-yl)phenanthrene and demonstrated
strong agreement with the established link atom method.

CPP 46.53 Thu 9:30 P5
Benchmarking the Transferability of Machine Learning Inter-
atomic Potentials for Polymers — eMIirko FISCHER and ANDREAS
Heuer — Institute for Physical Chemistry, University of Miinster,
Corrensstrafte 28/30, 48149 Miinster

Machine Learning Interatomic Potentials (MLIPs) enable molecular
dynamics (MD) simulations with nearly quantum-chemical (QM) ac-
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curacy and have been successfully applied to various molecular sys-
tems. However, their systematic application to polymer systems has
not yet been explored. A key challenge arises from the large molecu-
lar size, which makes QM reference calculations for the training data
computationally demanding. Moreover, relaxation processes and dif-
fusive behavior in polymers require long simulation times, making a
direct comparison between MLIP-based and ab initio MD simulations
infeasible.

In this study, we first train Atomic Cluster Expansion (ACE) poten-
tials for small oligomers on MD reference data, thereby circumventing
the need for expensive QM reference simulations and enabling long,
cost-efficient MD trajectories. We then benchmark the transferability
of the trained ACE potentials to longer polymer chains with respect to
density, structural, and dynamic properties. The insights gained allow
us to identify an optimal oligomer chain length that balances train-
ing cost and transferability. Based on this, we can efficiently train a
QM-accurate potential for polymers on QM reference data in a second
step.

CPP 46.54 Thu 9:30 P5

Fourth-Generation High-Dimensional Neural Network Po-

tentials for Molecular Chemistry in Solution — eDjamiL A.
A. MaoueNe!2, MoriTz R. ScHAFFER}'2, MoRITZ GUBLER®, STE-
FAN GoEDECKER®, and JOrG BEHLER'? — !Theoretische Chemie

II, Ruhr-Universitdt Bochum, Germany — 2Research Center Chem-
ical Sciences and Sustainability, Research Alliance Ruhr, Germany —
3Department Physik, Universitit Basel, Switzerland

Machine learning potentials have become essential tools in chemistry
and materials science, offering accurate, efficient representations of
high-dimensional potential energy surfaces for atomistic simulations.
Here we compare two generations of high-dimensional neural network
potentials (HDNNPs) 2G-HDNNPs and 4G-HDNNPs in their ability
to model organic molecules in aqueous solution. 2G-HDNNPs per-
form well for systems dominated by local interactions because they
rely on descriptors of the immediate atomic environment. However,
in cases of long-range charge transfer 4G-HDNNPs provide a more re-
liable description by explicitly accounting for charge redistribution in
the system as a function of its global structure. We illustrate these
differences for organic molecules in water.

CPP 46.55 Thu 9:30 P5
Controlling porosity in supraparticles: A simulation
study using spherical and rod-shaped particles — eKRITIKA
KriTikal2, Mavuka Kunpu3, MicHaeL Howarp3, and ARASH
NixkouBasHMAN2 — Leibniz Institute of Polymer Research Dresden,
Germany — 2Institute of Theoretical Physics, TU Dresden, Germany
— 3Department of Chemical Engineering, Auburn University, Auburn,

USA

Supraparticles (SPs) are large assemblies of smaller colloidal particles,
whose properties can be tuned by modifying, e.g., the chemistry, shape,
and size of the individual constituent particles and their arrangement
within the SP. SPs can be formed through droplet drying, a process
commonly observed in both everyday life and industrial applications,
such as spray drying and printing. Porous SPs are of particular in-
terest, since their high surface area and tunable pore size distribution
make them ideal materials for catalysis, photonics, and adsorption ap-
plications. In this computational study, we explore the drying-induced
formation of SPs made from spherical and rod-shaped particles. After
drying, we selectively remove one of the particle components, leaving
behind a highly porous SP. The initial volume fraction between spher-
ical and rod-shaped particles plays a key role in shaping the porosity
within the SP, while increasing the aspect ratio of the rods further am-
plifies the porosity of the SPs. Additionally, we observed that slower
drying leads to a distinct increase in average pore size.

CPP 46.56 Thu 9:30 P5
Demystifying the decoupling of conformation and phase be-
havior in PNIPAM cononsolvency — ¢VED MaHAJAN and Nico
F. A. vaN DER VEGT — Department of Chemistry, Technical Univer-
sity of Darmstadt

Cononsolvency describes the situation in which a polymer becomes
insoluble in a mixture of two individually good solvents. PNIPAM,
a widely studied thermoresponsive polymer, exhibits a strong cou-
pling between its temperature-driven coil-globule transition and its
phase behavior at low methanol concentrations; however, these two
responses decouple as the methanol content increases. In this work,
we use a minimal physical model, a hydrophobic polymer in water-
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methanol mixtures, that reproduces these key experimental observa-
tions. Despite its simplicity, the model captures both the emergence
of cononsolvency and the crossover from coupled to decoupled thermal
responses. At low methanol concentration, the polymer conformation
remains temperature dependent, whereas at high methanol concentra-
tion, it becomes insensitive to temperature. In contrast, hydrophobic
aggregation consistently strengthens with increasing temperature. To-
gether, these results reveal a simple mechanism for the observed de-
coupling: the differing temperature sensitivities of polymer collapse
and hydrophobic aggregation, both rooted in the hydrophobic effect.

CPP 46.57 Thu 9:30 P5
Mbolecular insights into the anion-dependence of the double-
layer capacitance — eRicHARD ScuoMmic!, Xuqianag Xu?2, Jana
ZauMmseIL?, and ALEXANDER ScHLAIcH! — !Institute for Physics
of Functional Materials, Hamburg Technical University, Hamburg —

2Institute for Physical Chemistry, Heidelberg Universiy, Heidelberg

Mixed ionic-electronic conductors are promising candidates for organic
electrochemical transistors (OECTs). Single-walled carbon nanotubes
(SWCNTs), a key example, show transconductance and capacitance
responses that are strongly influenced by the properties of the sur-
rounding electrolyte [1]. To uncover the mechanisms governing this
behavior, we perform molecular dynamics simulations of aqueous elec-
trolytes containing ions of different sizes and concentrations under
varying applied potentials. As a simplified model for the more com-
plex SWCNT electronic structure, we here use graphene as the elec-
trode material. Employing atomistic constant-potential simulations,
we investigate how these electrolyte characteristics shape the interfa-
cial structure and differential capacitance. Analysis of the hydrogen-
bond network and associated free-energy changes highlights the central
role of ion size in determining interfacial behavior.

[1] Xu, X.; Fresta, E.; Lindenthal, S.; Michel, E.; Zaumseil, J. ACS
Appl. Mater. Interfaces 2025, 17(25), 37002-37011.

CPP 46.58 Thu 9:30 P5
Computing static and dynamic structure in colloidal models
for solutions of globular proteins — eSvEN KOBLER — Institute
of Applied Physics, University of Tiibingen, Tiibingen, Germany
Crowded solutions of globular proteins are commonly probed using
neutron and X-ray scattering to obtain static and dynamic structure
factors across a broad range of concentrations. Complementary insight
can be gained from Brownian dynamics simulations based on coarse-
grained colloidal models; however, extracting meaningful scattering
observables particularly dynamic structure factors which requires fast
and scalable trajectory analysis tools. We present an efficient compu-
tational framework for calculating both static structure factors S(q)
and intermediate scattering functions F(q,t) directly from simulation
trajectories. Our tools are highly optimized and build with CUDA
compatibility to exploit computing speeds of GPUs. Its performance
is demonstrated using binary colloidal models designed to mimic mix-
tures of bovine serum albumin (BSA) and ferritin. The resulting simu-
lated scattering functions are compared with experimental X-ray pho-
ton correlation spectroscopy data.

CPP 46.59 Thu 9:30 P5
Dynamic properties of telechelic polyisobutylene with sticker
ends: atomistic vs. coarse-grained molecular dynamics simu-
lation — e ANasTAasiiA Pivovarova and VIKTOR IvaNnov — Martin-
Luther-University Halle-Wittenberg, Halle (Saale), Germany

Modeling associating polymer networks, such as telechelic polyisobuty-
lene (PIB) with barbiturate stickers, requires not only constructing
accurate coarse-grained (CG) interaction potentials but also resolving
the inherent problem of accelerated dynamics. This challenge becomes
evident when comparing Green-Kubo viscosity calculations across dif-
ferent levels of resolution. Atomistic simulations of PIB with barbitu-
rate end groups reproduce the expected rheological behavior of asso-
ciating systems, yielding a viscosity of about 3.32 Pa*s. In contrast,
CG simulations performed for pure PIB used as an initial step toward
a full CG description of the telechelic system show a pronounced re-
duction in viscosity, reflecting substantially faster dynamics intrinsic
to coarse-graining. These observations illustrate how dynamical accel-
eration can dominate the predicted viscoelastic properties even when
structural features are reproduced, underscoring the need for system-
atic strategies to recover realistic dynamical behavior in CG models of
associating polymer networks.

CPP 46.60 Thu 9:30 P5

(0]

Density of states in monodisperse and polydisperse hard
disks: Concentration dependent SAMC estimation
eVikTOR Ivanov, Joram HemmBoLD, MarLTeE KauTzscH, and
TiMUR SHAKIROV — Martin-Luther-University Halle-Wittenberg,
Halle (Saale), Germany

We propose a new variant of flat-histogram Monte Carlo, where the
density of particles is the control parameter for the density of states
and the visiting histogram. We simulate a system of point particles
with zero diameter. The square of the minimal interparticle distance,
'rfm.n, is used as the control parameter for a macrostate. The density
of states and the visiting histogram depend on rfm-n and are updated
at each step of the algorithm according to the usual SAMC rules. For
a microstate (particilar configuration of particles) with a given value of
the minimal distance between particles 7,,;, one can replace the points
with the hard disks of the diameter r,,;, or smaller, which corresponds
to a system with a specific particle density. We apply this algorithm to
2d systems of monodisperse and polydisperse hard disks (with diam-
eter distributions 1/d?) and study the density driven crystallization
transition. For monodisperse hard disks the transition from the liquid
to the hexatic phase proceeds via a first-order like pseudo-phase tran-
sition, whereas the transition from the hexatic to the crystalline phase
is continuous. With increasing polydispersity, crystallization is signif-
icantly suppressed, such that no transition to the crystalline phase is
observed for a 10% variation in particle radii.

CPP 46.61 Thu 9:30 P5
Benchmarking bond dissociation energies with plane-wave
pseudopotential and Gaussian all-electron methods — eYUE
Pan!, JocHeEnN HEeiL?, Arur Karmvi?, and ArasH MosTorr? —
Hmperial College London, South Kensington Campus, London, SW7
2A7Z, UK — 2Continental Reifen Deutschland GmbH, Hanover, Ger-

many

Accurate homolytic bond dissociation energies (BDE) are important
for understanding bond breaking processes in molecules. They are
also frequently used to benchmark the accuracy of different method
for electronic-structure calculations. Most calculations of BDE focus
on datasets of small gas-phase molecules and, accordingly, are carried
out with localised-orbital methods, while systematic comparisons to
periodic plane-wave DFT remain scarce. This is relevant for mod-
elling interfacial failure processes in hybrid systems such as polymer
nanocomposites, in which molecules are attached to inorganic surfaces,
and it becomes less clear which method is more suitable from the per-
spective of accuracy and efficiency.

In this work, we benchmark the performance of two widely used
approaches for DFT calculations, namely the plane-wave basis pseu-
dopotential methods and Gaussian all-electron methods. We use C*C
bond dissociation in gas phase hydrocarbons and surface-anchored
molecules. We then compare our calculated BDEs with theoretical re-
sults obtained from highly accurate quantum chemistry methods and
experimental values. Our work represents a step towards a better un-
derstanding of bond breaking and interfacial failure in materials.

CPP 46.62 Thu 9:30 P5
Continuum Modeling of Light-Matter Interaction in
Polymer-Based Hollow-Core Optical Fibers with Different
Geometrical Configurations — eZeHrA Gizém MuTLAY and
MustaFa OrRDU — UNAM - National Nanotechnology Research Cen-
ter and Institute of Materials Science and Nanotechnology, Bilkent
University, Ankara 06800, Tirkiye

Recent studies have demonstrated that nested hollow-core optical
fibers (HCFs) can achieve attenuation below 0.1 dB/km while main-
taining broad transmission bandwidths. This performance demon-
strates the promise of air-guided waveguides as alternatives to con-
ventional solid-core optical fibers. In this work, we perform continuum
modeling based on the finite-element method to investigate light in-
teraction with polymer in HCFs by implementing three- and four-tube
cladding structures. The analysis involves designs with and without
nested elements and supporting bars. Our comparative investigation
includes silica- and polymer-based structures to identify how intrinsic
material properties and geometrical parameters influence mode con-
finement, optical loss, and transmission behavior. The findings show
that even minor changes in geometry or material composition signifi-
cantly influence light propagation, which underlines the sensitivity of
optical guidance to light-material interaction. This study establishes a
continuum-based framework for analyzing electromagnetic behavior in
polymer systems and lays the groundwork for developing 3D-printed
polymer-based hollow-core fibers with reduced attenuation for future
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applications in optical and materials physics.

CPP 46.63 Thu 9:30 P5
General Polarization Dependent Dynamic Light Scattering
Using the Dynamic Mueller Matrix — eREINHARD SIGEL — In-
dependent Scientist, Markdorf, Germany

The Mueller Matrix for a general description of the polarization trans-
fer of an optical system is combined with Dynamic Light Scattering
(DLS) [1]. Azzam’s procedure [2]| based on two rotated quarter wave
plates is combined with photo correlation measurements to detect the
Dynamic Mueller Matrix, which contains all possible polarization de-
pendent correlation functions. The related Siegert relation is derived.
Applications are dynamic ellipsometric light scattering [3] experiments
on soft colloidal particles and 3D correlation ellipsometry [4] experi-
ments on soft interfaces [5].

[1] B.J. Berne, R. Pecora, Dynamic Light Scattering,

Courier Corporation 2000.

[2] R-.M.A. Azzam, Optics Communications 25, 137 (1978).

[3] A. Erbe, K.Tauer, R. Sigel, Phys. Rev. E 73, 031406 (2006)
[4] R. Sigel, Soft Matter 13, 1132 (2017).

[5] R. Sigel, Soft Matter 13, 1940 (2017).

CPP 46.64 Thu 9:30 P5
Versatile X-Ray Reflector Extension Setup for Grazing-
Incidence Experiments for Liquid Surface Study at the Beam-
line PO3/PETRA III — eJAaN RuBECK, ANDREI CHUMAKOV, and
MatTHIAS SCHWARTZKOPF — DESY, Notkestr. 85, 22607 Hamburg,
Germany

Existing beamlines for in situ GISAXS on liquids are either limited in
angular range or incompatible with the large sample-detector distance
required for submicron resolution. We present a low-cost, easily assem-
bled beam-tilting extension for synchrotron-based ultra-small-angle X-
ray scattering (USAXS) facilities, enabling grazing-incidence (GI-) and
transmitted scattering (GIUSAXS, GTUSAXS) studies on liquid sur-
faces. The setup is compatible with standard USAXS beamlines and
requires only 0.5 m of space at the sample stage. It allows X-ray beam
incidence angles of up to 0.6° at the liquid surface, equal to twice the
angle of incidence on a reflector and below its critical angle of reflector
materials, and provides access to a g-range of approximately 0.003-
0.5 nm~!. The system was tested at P03 beamline (DESY) using
polystyrene nanoparticles, self-assembled at the air/water interface.
The proposed scheme enables selective depth profiling and expands
the research capabilities of existing SAXS synchrotron facilities for in
situ studying submicron nanostructured objects at liquid surfaces un-
der GI-geometry, combined also with GIWAXS and TXRF techniques.
https://doi.org/10.1107/S1600577525003431

CPP 46.65 Thu 9:30 P5

Hybrid field coupling in nanoscale infrared spectroscopic
imaging of nano-structured soft matter — eSHARON Xavil,
MasHIAT HuQ!, MATTHIAS ZEISSBERGER2, DANIELA TAUBER!'2, and
CHrisTIN Davip!3 — 1Friedrich Schiller University Jena, 07743
Jena — 2Leibniz Institute of Photonic Technology, 07745 Jena —
3University of Applied Sciences, 84036 Landshut, Germany

Anisotropic intensity distributions are frequently observed on nanos-
tructured surfaces in the emerging field of nanoscale infrared (IR) spec-
troscopic imaging methods, including mid-IR scattering scanning opti-
cal nearfield microscopy (IR-sSNOM) and methods combining mid-IR
illumination with mechanical detection using atomic force microscopy
(AFM-IR). Such methods bridge the gap between high-resolution
structural imaging in electron and atomic force microscopy and chem-
ical imaging in conventional far-field IR spectroscopy by overcoming
the limitations of optical diffraction in far-field IR spectroscopic imag-
ing. In the mid-IR spectral region, the hybrid field coupling of the
incident field with a polymer nanosphere and a metallic AFM probe is
nearly as strong as the plasmonic coupling in case of a gold nanosphere
[Anindo et al., J. Phys. Chem. C, 2025, 129, 4517]. We modeled this
hybrid field coupling on varied nanostructured surfaces to enhance the
understanding of the observed anisotropies and contribute to the de-
velopment of advanced applications of these methods [Ali et al. Anal.
Chem., 2025, 97, 23914].

CPP 46.66 Thu 9:30 P5
Learn how to switch off: In-silico Modelling of Thermal Ring-
closing Process in Spiropyran Derivatives — eBoweN CHENG,
RoBERT STROTHMANN, HENDRIK HEENEN, and KARSTEN REUTER —
Fritz-Haber-Institut der MPG, Berlin, Germany

Spiropyran (SP) and its derivatives undergo a ring-opening reaction
via UV radiation and a ring-closing reaction in thermal conditions,
making them excellent candidates for photoswitches. One key aspect
that governs the sensitivity of such photoswitches is the rate of the
thermal ring-closing process. A main challenge in modelling this pro-
cess is the existence of various thermally accessible conformers, leading
to a complex reaction network.

In this study, we highlight a combined workflow using machine-
learned interatomic potential (MLIP) and a microkinetics model
(MKM) to address this. With a fine-tuned MACE-OFF24 founda-
tion model, we predict different transition state energies within the
reaction network using the nudge elastic band method, and correlate
these energies to experimental observations using the MKM.

Our workflow can be migrated between different SP derivatives to
reveal the effect of functional group decorations. Our findings demon-
strate the potential of using MLIPs to predict transition states and
enable larger-scale studies of complex reaction networks. We also aim
to condense our workflow as a new descriptor for in-silico screening in
future spiropyran photoswitch design.

CPP 47: Focus Session: Controlling Microparticles and Biological Cells by Ultrasound (joint
session BP/CPP /DY)

Recently ultrasound has emerged as a very promising physical modality to control the behavior of
microparticles and even of biological cells, which can be moved and stimulated by sound waves. For
biological cells, one can further control the effect of sound through gene expression (sonogenetics), similar
to the control by light (optogenetics). However, because the wavelength of sound is much larger than
the one of light, one of the challenges is to localize the effect of sound waves, e.g. by using gas bubbles.
Here, we bring together experimental and theoretical researchers who currently explore the potential
of ultrasound to control active and passive microsystems and to develop new applications ranging from

biomedicine to soft robotics.

Organized by Peer Fischer and Ulrich S. Schwarz (Heidelberg)

Time: Thursday 10:15-12:45

Invited Talk CPP 47.1 Thu 10:15 BAR/0106
Mechanogenetics for Cell ImmunoTherapy — eYINaXia0o
WanG — 1002 childs way, Los Angeles, CA 90089

Cell-based cancer immunotherapy is a promising therapeutic inter-
vention for cancer treatment. However, non-specific toxicity against
healthy tissues (e.g. off-tumor toxicity) is a major hurdle for solid
tumor treatment. We have developed controllable on-switch gene cas-
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Location: BAR/0106

settes in which a specific antigen production on the target cancer cell
can be remotely and mechanically induced by an external focused ul-
trasound (FUS). FUS was applied to stimulate the production of the
synthetic and clinically validated antigen on tumor cell surface orthog-
onal to the endogenous proteins. SynNotch was further engineered into
primary human T cells (SynNotch-CAR T) to recognize the synthetic
antigen expressed on the ultrasound-induced tumor cells and activate
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the production of CAR, which can lead to the recognition of a native
tumor specific antigen (TSA) universally expressed on the whole pop-
ulation of tumor cells for immunotherapy. We applied this system to
treat prostate cancer cells whose locally metastasized tumors are con-
fined in space but intermingled with vessels and nerves. Our results
showed that FUS can mechanically induce the synthetic antigen pro-
duction in prostate cancer cells, which results in the engagement and
activation of SynNotch CAR T cells for the tumor eradication. This
local activation of engineered tumor cells by FUS should allow a high
precision and safety in eradicating tumors. Hence, this approach for
immunotherapy should open new opportunities to integrate engineer-
ing mechanics with genetic medicine for successful translation.

CPP 47.2 Thu 10:45 BAR/0106
Shaping sound to tickle cells — eDimiTRIs MissiRLIS! 2, ATHANA-
stos ATHANAssIADIS!'2, RoMm LerRNERD?Z, and PEErR FiscHER!:2
Hnstitute for Molecular Systems Engineering and Advanced Materi-
als, Im Neuenheimer Feld 225, 69120 Heidelberg, Germany — 2Max
Planck Institute for Medical Research, Jahnstr. 29, 69120, Heidelberg,
Germany

The ability to shape ultrasonic waves precisely is finding growing rele-
vance in biomedical applications, where ultrasound is increasingly used
to noninvasively stimulate biological tissues for therapeutic purposes.
However, it remains an unsolved question how high-frequency ultra-
sound can interact with cells to excite biological responses. Our recent
work on shaping and controlling ultrasound waves has provided us
with a new tool to address the fundamental question how ultrasound
interacts with and influences cells. To this end we have developed
adaptable setups where we can control relevant ultrasound parameters
in vitro as well as in vivo. By systematically examining the critical
parameters, we discuss the role of different ultrasonic effects, includ-
ing thermal effects, radiation forces, and sound-induced shear flows.
Further, we discuss both physical and sonogenetic methods that can
be used to enhance the coupling of ultrasound to cells.

CPP 47.3 Thu 11:00 BAR/0106
A Theoretical Model for Ultrasound-Induced Intracellular
Streaming — eNiELs GIESELER!23, FALKO ZIEBERT 2, and ULRICH
S. Scnwarz!:2 — lnstitute for Theoretical Physics, Heidelberg Uni-
versity, Philosophenweg 19, Heidelberg 69120 Germany — 2BioQuant,
Heidelberg University, im Neuenheimer Feld 267, Heidelberg 69120
Germany — 3Max Planck Institute for Medical Research, Jahnstrasse
29, Heidelberg 69120, Germany

Ultrasound is not only the basis of an essential imaging method for
biomedicine, recently it has also become a promising avenue to control
biological systems, for example, in sonogenetics or ultrasound neu-
romodulation. However, the underlying physical effects are not well
understood, and a complete theoretical description is missing. In fact,
many different physical effects compete, including radiation forces,
streaming, cavitation, and local heating. Here, we focus on intra-
cellular streaming, which might induce organelle movement or alter
gene expression, as the steady second-order rotational flow generated
by an acoustic source. As a model for the viscoelastic nature of cells
and their surroundings, we use Oldroyd-B fluids. Building on existing
work, we calculate the streaming flows inside and outside of a sphere
sonicated with a plane wave. The streaming is treated as a second-
order perturbation expansion of the Navier-Stokes equations, which is
solved separately for both media and combined using suitable bound-
ary conditions. Our work shows under which conditions intracellular
streaming can be induced in biological cells.

15 min. break

Invited Talk CPP 47.4 Thu 11:30 BAR/0106
Recent theoretical progress on sound-propelled microsystems
— eRAPHAEL WIiTTKOWSKI — Department of Physics, RWTH Aachen
University, 52074 Aachen, Germany — DWI — Leibniz Institute for In-
teractive Materials, 52074 Aachen, Germany

The research area of sound-propelled microsystems is growing fast and
has a great potential for various future applications in engineering,
medicine, and other fields. The progress in this area is accelerated by
theoretical methods, as analytical modeling and computer simulations
can provide new insights that cannot be obtained by experiments.

In this talk, I will address the theoretical investigation of sound-
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propelled microsystems and present examples from the recent research
progress in this area. The talk will cover different types of sound-
propelled microsystems including microrobots, micromachines, artifi-
cial muscles, and soft robots.

Funded by the Deutsche Forschungsgemeinschaft (DFG) — 535275785.

CPP 47.5 Thu 12:00 BAR/0106
Rarefaction wave amplification from non-resonant deform-
ing bubbles — YuzHE FaN, SABER Izak GHASEMIAN, and eCLAUS-
DieTer OHL — Otto-von-Guericke University, Magdeburg, Germany

Gas bubbles in liquids or soft matter exposed to acoustic waves be-
have as oscillators, with maximum response at their resonance fre-
quency. When driven below resonance at sufficient pressure ampli-
tudes, bubbles can collapse with strong energy focusing and even emit
light; when driven near resonance, surface instabilities and fast jet flow
develop during oscillation. Like other oscillators, bubbles cease to re-
spond when driven far above resonance. Although their oscillations
are minimal, bubbles in this regime act as pressure-release interfaces,
can reflect high peak pressure shock into rarefaction wave, and may
therefore seed cavitation when interacting with high-power therapeutic
ultrasound. Yet, here we show that even diagnostic ultrasound with
peak positive pressures as low as ~10 MPa can nucleate cavitation in
microseconds. This is caused through the non-resonant deformation of
the bubble into a concave shape that refocuses scattered waves, ampli-
fying the tension leading to microcavitation. Our findings reveal that
cavitation can be triggered by high-frequency positive pressure over
a much wider amplitude range than previously recognized, offering a
new perspective for current safety guidelines for ultrasound bioeffects
and applications in medical ultrasound.

CPP 47.6 Thu 12:15 BAR/0106
Optimizing acoustically propelled microrobots using ge-
netic algorithms oLENNART GEVERs!'?3 and RAPHAEL
Wirtkowskih 23 — IDepartment of Physics, RWTH Aachen Uni-
versity, Aachen, Germany — 2DWTI — Leibniz Institute for Interactive
Materials, Aachen, Germany — 3Institute of Theoretical Physics, Cen-
ter for Soft Nanoscience, University of Miinster, Miinster, Germany

The promising potential applications of acoustically propelled mi-
croparticles demand methods to create particle designs that allow for
targeted autonomous motion. Current methods remain largely based
on experiments due to the intricate nature of the underlying dynam-
ics. Large-scale computational studies, specifically when combined
with optimization algorithms, are impeded by the cost of traditional
acoustofluidic simulations.

In this talk, we present the implementation of an analytical frame-
work describing non-Brownian motion of colloidal molecules driven by
acoustic streaming. The analytical framework is combined with vec-
torized, GPU-accelerated, and distributed computation. This enables
fast, large-scale simulations, where 10° trajectories over 10s real time
can be simulated on a normal personal computer within one minute.
Coupling this approach with genetic algorithms reveals particle geome-
tries, control parameters, and underlying principles for acoustically
propelled particles that exhibit controllable and stable behavior over
long times.

Funded by the Deutsche Forschungsgemeinschaft (DFG) — 535275785.

CPP 47.7 Thu 12:30 BAR/0106
Equations of motion for arbitrarily shaped acoustically pro-
pelled rigid microparticles — eJusTtus ScHNERMANNDZ3 and
RAPHAEL WITTKOWSKI!»2:3 1Department of Physics, RWTH
Aachen University, Aachen, Germany — 2DWI — Leibniz Institute for
Interactive Materials, Aachen, Germany — 3Institute of Theoretical
Physics, Center for Soft Nanoscience, University of Miinster, Miinster,
Germany

Much experimental research concerns the acoustic propulsion of mi-
croparticles, but theoretically, only axisymmetric particles with a sta-
ble orientation have been studied thus far. In this talk, we present an
analytical derivation of the ordinary differential equation of motion for
an arbitrarily shaped acoustically propelled rigid microparticle. This
equation governs the time evolution of the orientation and position
of the particle. Its parameters depend only on the particle’s leading-
order oscillation velocity field. Based on this equation, we classify
qualitatively the possible long-term trajectories of arbitrary particles
in unidirectional ultrasound.

Funded by the Deutsche Forschungsgemeinschaft (DFG) — 585275785.
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CPP 48: Hybrid, Organic and Perovskite Optoelectronics and Photovoltaics VI

Time: Thursday 11:30-12:45

CPP 48.1 Thu 11:30 ZEU/LICH
Simulating Light Induced Phase Separation in Mixed Halide
Perovskites — eSEBASTIAN SCHWARTZKOPFF, IVAN ZALUZHNYY,
EKATARINA KNESCHAUREK, PAUL ZIMMERMANN, DMITRY LAPKIN,
Hans MAUSER, ALEXANDER HINDERHOFER, and FRANK SCHREIBER
— University of Tilibingen
By varying the halide composition in mixed organic-inorganic per-
ovskites such as MAPbBri gl1.2 (MA-methylammonium), one can pre-
cisely tune the band gap. This is a desirable property for solar cell
design, as it allows for the production of high efficiency solar cells.
However, illumination with visible light drives these materials to phase-
separate into Br-rich and I-rich domains, thereby degrading the tuned
bandgap. To better understand and potentially control this behav-
ior, we employ phenomenological approaches such as Cahn-Hilliard
and Monte Carlo models. While Cahn-Hilliard methods were initially
explored, they proved challenging in reproducing experimentally ob-
served dynamics. On the other hand, Monte Carlo methods have
shown themselves to enable a systematic exploration of how factors
such as halide ratio, charge-carrier density, temperature, and illumi-
nation intensity influence light-induced phase separation. Overall, we
found that Monte Carlo simulations, with appropriately chosen param-
eters, can successfully reproduce key features observed in experimental
diffraction measurements.

CPP 48.2 Thu 11:45 ZEU/LICH
Reorientation-driven degradation in oriented perovskite
films: shifting facet engineering to thermodynamic sta-
bility — eXiaosine Cri!, Xionczruo Jiancl, Guanciiu Pant,
Kun Sun!, ArtantuLca Buvan-Ariviika!, Zerui Lit, Lixing Lit,
TrOMAS BAIER!, MATTHIAS SCHWARTZKOPFZ, and PETER MULLER-
BuscuBauM! — 1TUM School of Natural Sciences, Chair for Func-
tional Materials, Garching, Germany — 2DESY, Hamburg

Hybrid perovskite solar cells suffer from underexplored links between
crystallographic orientation and thermal stability. We fabricate highly
oriented mixed Sn-Pb perovskite films via an additive-free two-step
method. Accelerated aging studies under high temperature reveal
that high orientation paradoxically compromises stability and PSCs
built from highly oriented perovskite films retain only 73% of their
initial PCE versus 89% in less-oriented devices. Operando GIWAXS
of the PSCs shows that thermal stress induces significant reorienta-
tion and lattice distortion in the oriented crystallites. Structural anal-
yses confirm progressive crystallographic transitions, including grain
reconfiguration, shifts toward isotropy, and systematic diffraction mi-
grations. Critically, we demonstrate that metastability is an intrin-
sic consequence of high crystallographic order, which is why the very
high alignment strategies that enhance performance induce thermody-
namic vulnerability. This necessitates redesigning crystal engineering
priorities where suppressing instability requires engineering thermo-
dynamic equilibrium states over maximizing alignment for stable per-
ovskite photovoltaics.

CPP 48.3 Thu 12:00 ZEU/LICH
Understanding the molecular origins of giant surface po-
tential: a case study of TPBi — eMauricio SEvILLA!,
Naomi KINARET!, MunAMMAD Nawaz QaIsRaNt® 2, ALBIN Cakaj?,
ALEXANDER Hormann?, FaLk May3, WoLrcane BroTTING!, and
DEeNis ANDRIENKO* — !Max Planck Institute for Polymer Re-
search, Mainz, Germany — 2Technische Universitit Ilmenau, Ilme-
nau, Germany — 3Merck Electronics KGaA, Darmstadt, Germany —
4University of Augsburg, Augsburg, Germany

In the context of organic light-emitting diodes, the molecular orienta-
tion in thin layers of organic materials plays a crucial role in charge
injection, light outcoupling, and the formation of internal electrostatic
fields due to the alignment of molecular dipoles. This latter phe-
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nomenon is referred to as the giant surface potential (GSP). Predicting
GSP soleley from the chemical structure is challenging, as it is highly
sensitive to processing conditions such as temperature and deposition
rate during the physical vapor deposition process. Using both all-atom
and coarse-grained simulations, we develop and test a framework ca-
pable of predicting the molecular ordering of organic materials under
varying substrate temperatures and deposition rates. The framework’s
accuracy is validated by comparing the predicted GSP and birefrin-
gence of thin films to experimentally measured values, for a series of
TPBi isomers.

CPP 48.4 Thu 12:15 ZEU/LICH
Additives to enhance efficiency and stability of
PPDT2FBT:PC60BM organic solar cells — eHassan Ismain!»2,
Jose PrINCE MapaLAIMUTHUYN2, ULRICH SCHUBERT!'2, and HARALD
Hoppr!? — lLaboratory of Organic and Macromolecular Chemistry
(IOMCQ), Friedrich Schiller University Jena, Humboldtstrasse 10, 07743
Jena, Germany — 2Center for Energy and Environmental Chemistry
Jena (CEEC Jena), Friedrich Schiller University Jena, Philosophenweg
Ta, 07743 Jena, Germany

The development of organic solar cells (OSCs) requires simultane-
ous optimization of photovoltaic performance and long-term ther-
mal stability, often mediated by processing solvents and additives.
This study investigates the role of small amphiphilic molecules (AMs)
as surfactants in stabilizing the bulk heterojunction morphology of
PPDT2FBT:PCBM-based OSCs. Our research goal is to understand
how the chemical nature of AMs and their interface engineering within
the device affect stability and efficiency. We demonstrate that the
AM’s polar headgroup chemistry is a critical determinant for oper-
ational stability, and by strategically applying interface engineering
across all major interfaces, we identify optimal scenarios for enhancing
both efficiency and device durability. Interface engineering not only
improves charge transport and mitigates degradation but also sup-
ports large-area fabrication and practical device reliability, addressing
prominent challenges for commercialization. These findings guide fu-
ture molecular design and interface engineering strategies, contributing
to the realization of more robust and reliable organic solar cells.

CPP 48.5 Thu 12:30 ZEU/LICH
Controlling singlet fission in diketopyrrolopyrole diner
through solvent choices — eSRUTHY Asa Rajan!:2) Isaac M.
ErcuELLs®, JEGADESAN SuBBIAH?, SERGEY Baanicu!, PauL E.
SHAaw?, Davip JonEs?, and ANNA KOHLER! — ! Universitit Bayreuth

— 2University of Melbourne — 3University of queensland

The efficiency of conventional solar cells is constrained by the Shockley-
Queisser limit, which is arises from thermalisation loss. Singlet fis-
sion (SF) offers a promising pathway to surpass this efficiency limit.
However, a key challenge lies in identifying SF molecules with triplet
energy levels that align with the silicon band gap, enabling the effi-
cient formation of correlated triplet pairs, 1(TT), and their separa-
tion. PDPP is a molecule with a comparable triplet energy to the
silicon bandgap. But monomer molecules are not SF active in solu-
tion. We prepared PDPP-dimers with a pyrene bridge. We inves-
tigate the influence of solvent properties on the optical behaviour of
these N-alkylated pyrene-bridged PDPPs. We employ temperature-
dependent steady-state and time-resolved photoluminescence studies
on N-alkylated pyrene-bridged PDPPs in protic polar and aprotic po-
lar solvents to study the optical properties of the evolution of different
species. At an intermediate temperature, we observed an intermedi-
ate emission, which then, on further decreasing the temperature (less
than 100K), is replaced by 1(TT) emission. We also measured TA on
different solvents which showed different pathway. In protic polar sol-
vent, our molecule showed intermolecular SF whereas in aprotic polar
solvent it showed intermolecular



Dresden 2026 — CPP

Thursday

CPP 49: Gels, Polymer Networks and Elastomers |

Time: Thursday 11:30-12:45

CPP 49.1 Thu 11:30 ZEU/0255
Nanoparticle-Polymer Coupling in Magnetic Gels Studied
by Means of Computer Simulations and Experiments —
eREBECCA STEPHAN!, SUROJIT RaN0024, PaTricK KREISSL!, CHIN-
MAY PaBsHeETTIWAR!, JESsica KuBis?, CHRISTIAN HoLM!, ANNETTE
M. ScuMmipT?, REGINE voN KLitziNg®, and RupoLF WEEBER! —
Mnstitute for Computational Physics (ICP), Universitdt Stuttgart —
2Institute of Physical Chemistry, Department of Chemistry, University
of Cologne — 3Institute for Condensed Matter Physics, Technical Uni-
versity of Darmstadt — 4Laboratoire Colloides et Matériaux Divisés,
ESPCI Paris

Magnetic gels - soft hydrogels with embedded magnetic nanoparticles
(MNPs) - combine the viscoelastic properties of a gel with the mag-
netic behavior of the MNPs. Their response to an external magnetic
field enables tunable mechanical and dynamic properties such as shape,
stiffness, and swelling. The microscopic coupling mechanisms between
the MNPs and the surrounding polymer matrix are crucial for the ma-
terial’s stimuli-responsive properties. However, these mechanisms are
not yet fully understood.

In this work, we juxtapose results for PAAm hydrogels with embed-
ded cobalt ferrite nanoparticles with coarse-grained molecular dynam-
ics simulations coupled to lattice-Boltzmann hydrodynamics. In both
cases, we probe the coupling using magnetic AC susceptibility spec-
tra. Our findings demonstrate that the local polymer environment
and the surface heterogeneity of the magnetic particles - chemical or
topographical - play an important role in MNP-polymer coupling.

CPP 49.2 Thu 11:45 ZEU/0255
Strain-stiffening critical exponents of fibre networks un-
der uni-axial deformation — eATHARVA PaANDIT! and ABHINAV
Suarmal:?2 — nstitut fiir Physik, Universitidt Augsburg, 86159 Augs-
burg, Deutschland — 2Bereich Theorie der Polymere, Leibniz-Institut
fiir Polymerforschung, 01069 Dresden, Deutschland

Disordered fibre networks exhibit a floppy to rigid mechanical phase
transition as a function of connectivity. Sub-isostatically connected
networks can undergo this transition via straining. Critical exponents
governing this transition have been estimated theoretically and by nu-
merical simulations of various types of networks. We present improved
results, achieved through a combination of refined numerical simula-
tions, larger system sizes and incorporation of theoretical predictions
for better post-simulation analysis. A linear evolution of the critical
strain and critical exponents is observed as the network is sheared while
being subjected to non-volume-preserving uni-axial deformations.

CPP 49.3 Thu 12:00 ZEU/0255
Probing Mechanical Properties of Magnetic Gels Using Com-
puter Simulations — eYaAsHAs TEJASKUMAR GANDHI, CHRISTIAN
HowrwMm, and RuboLr WEEBER — Institute For Computational Physics,
University of Stuttgart, Germany

Magnetic gels are liquid swollen polymer networks embedded with
magnetic nanoparticles (MNPs). Their motion, shape and mechan-
ical properties can be governed by an external magnetic field. The
mechanical properties of a magnetic gel depend on both the polymer
network and the embedded MNPs. They can also be heated by apply-
ing an AC magnetic field due to viscous and hysteresis losses.

There are two ways to probe the mechanical properties of mag-
netic gels: at the nanoscopic level using AC susceptometry, and at
the macroscopic level by measuring stress under deformation. While
macroscopic measurements are relatively straightforward, they are
computationally demanding. The Gemant-DiMarzio-Bishop theory
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provides a framework for connecting magnetic AC susceptibility data
to nanoscale mechanical properties. Our objective is to test this theory
in computer simulations by comparing nanoscale measurements with
macroscale measurements.

The polymer network is modelled as a coarse-grained bead-spring
system. We also incorporate a solvent model for hydrodynamic interac-
tions in the system. Shear deformation is applied using periodic Lees-
Edwards boundary conditions. Our simulations use the ’Extensible
Simulation Package for Research on Soft Matter Systems (ESPResSo)’
simulation package.

CPP 49.4 Thu 12:15 ZEU/0255
Dynamic control of rigidity via geometric frustration —
eSanTiaGo GoMEz MEeLob2, Farko Zieerrh2, and ULricH S.
Scuwarz!:2 — 1ITP, Philosophenweg 19, Heidelberg — 2BioQuant,
Im Neuenheimer Feld 267, Heidelberg

Recent advances in materials design and 4D-printing now allow one
to realize programmable metamaterials that upon receiving a suitable
stimulus dynamically change their unconventional macroscopic prop-
erties. For mechanical metamaterial, these tunable features have so
far been restricted to geometric quantities, such as the Poisson ratio
and the strain-to-twist ratio, but the effective elastic moduli have not
been addressed yet. Here we combine central force network theory and
responsive hyperelasticity to show that it is also possible to dynami-
cally control the elastic moduli, and more specifically the shear mod-
ulus, by programming geometric frustration into a stimuli-responsive
structure. This phenomenon, known as geometric incompatibility, pro-
duces a rigidity phase transition in which the elastic modulus changes
by several orders of magnitude. It results from inducing a state of
self-stress that eliminates the floppy modes of the system by produc-
ing second-order rigidity. The underlying physical principle seems to
be also at work in biological systems, most prominently in epithelial
monolayers, but here it is predicted for entirely synthetic materials,
like temperature-sensitive hydrogels and nematic elastomers, opening
up the perspective of designing a new class of dynamic metamaterials.

CPP 49.5 Thu 12:30 ZEU/0255
Aqueous Foams stabilized by PNIPAM Microgels: Effect
of Cross-linker and Concentration — eJOANNE ZIMMER, KEVIN
GRAFF, Luca Mirau, and REGINE voN KriTzING — Soft Matter at
Interfaces, Institute for Condensed Matter Physics, TU Darmstadt,
Hochschulstrafte 8, D-64289 Darmstadt

Aqueous foams are abundant in everyday life, important for indus-
trial applications and interesting from a fundamental point of view.
In this work, aqueous foams are generated by sparging gas (nitrogen)
through an aqueous dispersion of PNIPAM microgels, which are used
as foam stabilizers. The microgel cross-linker content as well as the
microgel concentration are varied and prove to significantly influence
the foam formation properties (foamability) and the foam stability. A
lower cross-linker content as well as a higher microgel concentration
elevate the foamability, generate foams with higher liquid content and
smaller bubbles and increase the foam stability. These observations
are correlated with the microgel behaviour at the single air-water in-
terface, i.e. pendant drop measurements and Langmuir trough. Our
findings highlight good agreement across both length scales: an in-
crease in foamability correlates with a faster decrease in surface ten-
sion, and a higher foam stability with a higher surface elastic modulus
of a microgel-covered single air-water interface. The ability of the mi-
crogels to form a collective polymer network seems to dominate these
processes.
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CPP 50: Focus Session: Theoretical Modeling and Simulation of Biomolecular Condensates Il
(joint session CPP/BP)

Time: Thursday 11:30-12:45

CPP 50.1 Thu 11:30 ZEU/0260
Exponential Size Control in Biomolecular Condensates via
Universal Scaling of Power-Law Distributions — eYIran
Huanc!, Cruan Tanc!, Haovu Soncg?, Bine Mi1ao3, and Qryun
Tangh? — Key Laboratory of Quantum Materials and Devices of
Ministry of Education, School of Physics, Southeast University, Nanjng
211189, China — 2School of Physics, Zhejiang University, Hangzhou
310058, China — 3Center of Materials Science and Optoelectronics
Engineering, College of Materials Science and Opto-Electronic Tech-
nology, University of Chinese Academy of Sciences, Beijing 100049,
China — *Jiangsu Physical Science Research Center, Nanjing 210093,
China

Power-law distributions are ubiquitous phenomena in diverse systems,
whereas concomitant scale invariance hinders the exploration of pre-
cise size control for biocondensates in recent experiments. Using mas-
sive computer simulations and the kinetic theory of coalescence, we
demonstrate that the cutoff volume can collapse all power-law distribu-
tions of biocondensates in different parameters onto one master curve.
Remarkably, the cutoff size can increase exponentially by increasing
monomer concentrations R ~ e?, of which nanometer condensates in
simulations can be extrapolated to micrometer droplets in experiments.
The findings provide a new mechanism to rapidly tailor the bioconden-
sates to appropriate sizes through power-law distributions, which can
stimulate explorations in biological and other nonequilibrium systems

CPP 50.2 Thu 11:45 ZEU/0260
Droplet-assisted folding of long regulatory RNAs — SiMoN
Doir!, Lukas Pekarek!, Faraima FeErosu!, JovaNa VASILIEVIG!,
Marcus JAaHNEL!, and eTvyLER HarMon? — I1BIOTEC, Dresden,

Germany — 2IPF, Dresden Germany

Long regulatory RNA regions orchestrate complex cellular processes,
including gene expression and epigenetic modifications. How these
RNAs dynamically fold and refold in response to cellular signals re-
mains poorly understood. Given that RNAs interact with ubiqui-
tous RNA-binding proteins (RBPs) prone to form biomolecular con-
densates, we explore how protein droplets interacting along an RNA
impact its folding process. Attached droplets prevent premature fold-
ing by competing with RNA:RNA interactions. When droplets dis-
solve due to cellular signals, capillary effects cause the RNA to col-
lapse while refolding. We test this process of condensate-guided RNA
folding by adapting established RNA secondary structure predictors
to mimic various folding pathways and supplement this with coarse-
grained simulations. We find that interactions with transient droplets
robustly leads to the formation of long-range RNA contacts, which
are otherwise hard to achieve. Our results compare favorably with
available experimental data. We propose that this strategy, which
we call droplet-assisted RNA folding, represents a previously unex-
plored mechanism for shaping RNA structures. Given the widespread
propensity of RBPs to form condensates, this process could play a
fundamental role in the structural organization, conditional reshap-
ing, and functional regulation of long regulatory RNAs.

CPP 50.3 Thu 12:00 ZEU/0260
Simulation Insights into the Assembly of Polyplexes for RNA
Delivery — eJonas Hans LeuNEN!, JoRGE MORENO HERREROZ,
HEeINrRICH HaAs®, FRIEDERIKE ScHMID!, and GIOVANNI SETTANNI!:2
— !Department of Physics, Johannes-Gutenberg University Mainz
— 2Faculty of Physics and Astronomy, Ruhr University Bochum —
3BioNTech SE, Mainz

RNA-based pharmaceuticals proved successful with the COVID-19
vaccines and are now undergoing clinical trials for a broad range of
therapeutic indications. Lipid-based nanoparticles (LNPs) have been
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used so far as delivery systems, although alternatives are still needed
to meet efficacy and safety requirements across a broader range of
applications. Polyplexes, formed by the self-assembly of cationic poly-
mers with the anionic nucleic acids, constitute a valuable substitute,
especially if precise control of the number and shape of the encap-
sulated RNA chains is possible. Here[l], we use molecular dynamics
simulations of a coarse-grained polyplex model to show that the most
important factors controlling it are the charge ratio between polyelec-
trolytes and RNA and their concentration during assembly. Close to
the isoelectric point, the polyplexes are large, whereas in large excess
of cationic polymer, their size decreases, allowing one RNA copy per
nanoparticle. Our results are consistent with recent experimental work
on polyethylenimine polyplexes.

[1] Simulation Insights into the Assembly of Polyplexes for
RNA Delivery, Lehnen et al., Biomacromolecules (2025), DOI:
10.1021/acs.biomac.5c01219

CPP 50.4 Thu 12:15 ZEU/0260
Polymer-assisted condensation as key to chromatin localiza-
tion — eArcHyA MaJEE! and Jens-Uwe SommeR!23 — 1Leibniz
Institute of Polymer Research Dresden, Germany — 2Institute for
Theoretical Physics, TU Dresden, Germany — 3Cluster of Excellence
Physics of Life, TU Dresden, Germany

We put forward a novel mechanism [1] to account for the experimen-
tally observed [2] positional shifts of chromosomes within the cell nu-
cleus, which appear to be driven by compositional alterations in the nu-
clear lamina. By considering chromatin as a biomolecular condensate
we demonstrate that the adsorption of the chromatin-binding proteins
at the lamina leads to a wetting of the condensate while spreading
of the chromatin on the lamina is avoided. This leads to the non-
monotonous density profile of the polymer with respect to the surface
which can be explained by the competition between the tendency of
the protein component to wet the surface and the conformational re-
strictions of the polymer near the impenetrable surface. A change in
the composition of the the lamina can lead to repositioning of chro-
matin towards the center of the nucleus. Our theory not only offers an
explanation for specific chromatin conformation experiments, but also
contributes to the broader understanding of wetting onto responsive
surfaces in multi-component systems.

References:

[1] A. Majee and J.-U. Sommer, bioRxiv 2025.06.11.658974 (submit-
ted).

[2] Amiad-Pavlov et al., Sci. Adv. 7, eabf6251 (2021).

CPP 50.5 Thu 12:30 ZEU/0260
Bridging Scales to Understand the Role of Ubiquitylation and
Sumoylation in Protein Phase Separation — eSUPRIYO NASKAR,
Kurr KREMER, and OLEKSANDRA KUKHARENKO — Max Planck Insti-
tute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany

The post-translational modifiers, such as mono- and poly-ubiquitins
and SUMOs, are known for their ability to modulate protein-protein
interactions by becoming covalently attached to other target proteins.
Despite the high similarity in the tertiary structure and sequence, they
differentially influence the target protein properties. In this work, we
employed a multiscale simulation approach that encompasses atom-
istic to different levels of coarse-grained modeling techniques, com-
bined with data-driven methods, to explore the structural differences
and multidimensional energy landscapes of ubiquitin, SUMO, and their
conjugates. We finally investigate the influence of distinct features of
the targets and modifiers on protein phase separation and aggregation,
providing molecular-level insight into the corresponding in vitro mea-
surements and informing further experiments through the adjustment
of relevant parameters.
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CPP 51: Focus Session: 75 Years Polymer Physics Division: From Curiosity to Smart Materials
(joint session CPP/BP)

Polymer materials are ubiquitous in modern society. In recent years, the focus has been on the devel-
opment of functional, tunable or responsive materials, oftentimes inspired by biological materials. At
this, a number of fundamental problems arise, e.g. regarding the interaction of polymers with water,
biomolecules or inorganic nanoparticles and the resulting self-assembled morphologies as well as the
underlying dynamics and the kinetics of morphological changes upon a stimulus. These problems are
nowadays addressed in an interdisciplinary way by experimental methods, computer simulations and
theory, often in close collaboration with polymer chemists. In five talks by renowned speakers, the focus
session aims at highlighting few of these aspects that are currently under investigation worldwide. The
fact that the Polymer Physics Division of the German Physical Society was founded in 1951 and hence,
2026 is the 75th anniversary, seems to be a good occasion to bring modern polymer physics into the

focus.

Organized by Christine M. Papadakis, Christian Holm, Tayebeh Ameri and Kristian Franze.

Time: Thursday 15:15-17:45
Topical Talk CPP 51.1 Thu 15:15 ZEU/LICH

The Loops of Life — Brian CHAN and eMicHAEL RUBINSTEIN —
Duke University, Durham, NC, USA

In mammalian cells, the cohesin protein complex is believed to regulate
chromatin during interphase through active loop extrusion, in which
dynamic loops are formed by cohesin translocating along chromatin.
We developed a theoretical model that quantifies how key parameters,
including cohesin residence time on chromatin, extrusion velocity, and
the number density of chromatin-bound cohesins, regulate genomic
contacts. The model describes chromatin contact probabilities and
predicts that loop formation probability is a nonmonotonic function
of loop length. Our theory demonstrates that active loop extrusion
causes the apparent fractal dimension of chromatin to cross over be-
tween two and four at contour lengths on the order of 30 kilobase pairs.
This work provides a theoretical basis for the compact organization of
interphase chromatin, explaining the physical reason for the segrega-
tion of topologically associated domains and suppression of chromatin
entanglements by up to a factor of 50, which contributes to efficient
gene regulation by distal elements such as enhancers or silencers.

Topical Talk CPP 51.2 Thu 15:45 ZEU/LICH
Polyelectrolytes and Biological Systems: A Charged Rela-
tionship — eMaTrTHIAS BALLAUFF — Chemie und Biochemie, Freie
Universitaet Berlin

If charges are appended to linear or crosslinked polymers, a polyelec-
trolyte results. Polyelectrolytes are ubiquitous and play a major role in
biophysics. Important natural polyelectrolytes as e.g. DNA or Heparin
are central in biology, and a thorough understanding of these systems
and of charge-charge interaction is one of the main tasks of biophysics.
In my lecture, I will discuss our recent research done on -Interaction of
linear polyelectrolytes with proteins. This problem is also relevant for
the formation of biocondensates by the interaction of cationic and an-
ionic proteins; -Charged polymer networks and their interaction with
proteins; -Role of polyelectrolytes in virus infections. In all cases, a
quantitative understanding of the systems in terms of analytical mod-
els can be achieved, which may pave the way for future pharmaceutical
applications.

Topical Talk CPP 51.3 Thu 16:15 ZEU/LICH
From block copolymer morphologies to functional polymer
membranes — eVoOLKER ABETZ — Helmholtz-Zentrum Hereon, In-
stitute of Membrane Research, Max-Planck-Str. 1, 21502 Geesthacht,
Germany — University of Hamburg, Institute of Physical Chemistry,
Martin-Luther-King-Platz 6, 20146 Hamburg, Germany

Depending on solvent selectivity and the time of evaporation differ-
ent structures can be obtained in cast block copolymers, showing
that there is an interplay between kinetics and thermodynamic driv-

Location: ZEU/LICH

ing forces during the self-assembly before the sample is dry. When
preparing membranes from block copolymer solutions, besides molec-
ular weight, composition of the block copolymer and its concentration,
also the choice of solvent, and the casting conditions play an important
influence on the obtained morphology of the finally obtained mem-
brane. This is especially important when membranes are prepared
via the so-called non-solvent induced phase separation process after
initial self-assembly by partial evaporation of solvent. The obtained
membranes, when prepared successfully, display a rather isoporous top
layer and can be subsequently post functionalized, in order to tune pore
size and pore surface property. Different examples of the separation
properties will be shown and also the potential use as a membrane
reactor will be discussed.

Topical Talk CPP 51.4 Thu 16:45 ZEU/LICH

Molecular electronic materials and devices for solar energy
conversion — eJENNY NELSON — Imperial College London

To maximize the potential of solar power, new materials will be needed
to harvest and convert solar energy alongside existing photovoltaic
technologies. Molecular electronic materials, such as conjugated poly-
mers and molecules, can achieve photovoltaic conversion through a pro-
cess of photon absorption, charge separation at a heterojunction, and
charge collection. Through a remarkable series of advances in materi-
als design, the efficiency of photovoltaic energy conversion in molecular
materials has risen from 1% to over 20% within two decades. We will
discuss the factors that control the function of molecular solar cells
including the nature of the charge separating heterojunction, and the
impact of chemical and physical structure on phase behaviour, energy
and charge transport, light harvesting, and loss pathways, comparing
experimental measurements with a computational model of the gen-
eration and evolution of excited states and charges in such systems.
We identify key molecular parameters that are likely to assist charge
generation and consider the extent to which these parameters are op-
timised in the best performing materials. Finally, we will address the
limits to conversion efficiency in such systems.

Topical Talk CPP 51.5 Thu 17:15 ZEU/LICH
Control of cell and tissue stiffness by biopolymer networks
and particle inclusions — ePauL JANMEY — University of Penn-
sylvania, Philadelphia, PA, USA

Filamentous networks of semiflexible polymers are ubiquitous in bi-
ology. Collagen fibers form much of the extracellular matrix, the
cytoskeleton controls cell mechanics, and chromatin fibers span the
volume of the nucleus. The mechanical properties of the biopolymer
fibers, the way in which the fibers link into networks, and the types of
cells within the network all affect the way in which tissues respond to
mechanical stress.

CPP 52: Members’ Assembly

Time: Thursday 18:00-19:00

Location: ZEU/LICH

All members of the Chemical and Polymer Physics Division are invited to participate.
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CPP 53: Hybrid, Organic and Perovskite Optoelectronics and Photovoltaics VII

Time: Friday 9:30-11:15

Invited Talk CPP 53.1 Fri 9:30 ZEU/LICH
Limits and Prospects of Organic Solar Cells — eDIETER NE-
HER — Institute of Physics and Astronomy, University of Potsdam,
Karl-Liebknecht-Str 24-25, 14476 Potsdam

Since the advent of low bandgap non-fullerene acceptors (NFAs), the
performance of organic solar cells (OSCs) has improved significantly,
with record efficiencies that now safely exceed 20 %. A critical pa-
rameter is the offset between the relevant frontier orbitals at the DA
heterojunction, which in most NFA-based blends is the difference in
HOMO energies. Here we combine a wide range of methods, from
femtosecond transient absorption to steady state photoluminescence
and electroluminescence, spectroscopy to study the mechanisms and
efficiency of free charge generation and recombination. For a wide se-
ries of NFA-based OSCs, we find that the singlet exciton decay is the
main competing pathway for free charge generation while reformation
of singlet excitons from reformed CT states dominates the radiative
recombination in EL. To explain our data as function of the HOMO
offset, we set up a 5-state model which includes singlet and triplet ex-
citons. Our results show that state-of-the-art OSCs already exhibit an
optimum HOMO-HOMO-offset. Future work should, therefore, focus
on optimizing photon harvesting and reducing bimolecular recombina-
tion in order to push the device efficiency well beyond 20 %.

CPP 53.2 Fri 10:00 ZEU/LICH
Temperature Degradation of Slot-Die Printed Organic
Solar Cells oCurisTorH G. LiNDENMEIR!, SiMoN A.
WEeGENER!, CHRIsSTOPHER R. EVERETT!, JULIAN E. HEGER!, SIGRID
BERNSTROFF?, and PETER MULLER-BuscaBauM! — 1TUM School of
Natural Sciences, Chair for Functional Materials, Garching, Germany

— 2Elettra-Sincrotrone Trieste S.C.p.A., Basovizza, Trieste, Italy

Organic solar cells (OSCs) have emerged as promising candidates for
next-generation photovoltaics due to their rapid efficiency improve-
ments, low toxicity, and compatibility with low-cost, solution-based
fabrication methods such as slot-die printing. Their high optical ab-
sorption, combined with their lightweight and flexible design, makes
them particularly attractive for space applications. Offering a superior
power-to-weight ratio compared to conventionally used III-V multi-
junction cells, OSCs can significantly reduce manufacturing and launch
costs. While short-term demonstrations have confirmed their function-
ality in space, their long-term stability under extreme temperatures,
high vacuum, and ionizing radiation still needs to be investigated.
Therefore, this study compares the influence of constant-temperature
conditions on active-layer morphology and electrical performance with
that of temperature cycling. To investigate the degradation process,
we employed operando grazing-incidence small-angle X-ray scattering
(GISAXS), a nondestructive technique for probing thin-film morphol-
ogy. Simultaneously, we monitored the electrical performance of the
devices under vacuum to simulate space conditions.

CPP 53.3 Fri 10:15 ZEU/LICH
Electronic coarse-graining for accurate and scalable model-
ing of organic semiconductors — e ANDRIY ZHUGAYEVYCH!, DE-
NIS ANDRIENKO!, and SERGEI TRETIAK? — Max Planck Institute for
Polymer Research — 2Los Alamos National Laboratory, USA

Modeling the electronic properties of organic semiconductors remains
challenging due to their complex multiscale structure, which limits the
applicability of methods developed for small-molecule solids and in-
organic crystals. Fragmentation techniques designed for biomolecular
systems are unsuitable for m-conjugated materials because of wavefunc-
tion delocalization. We present an electronic coarse-graining methodol-
ogy that enables accurate and scalable electronic-structure calculations
for organic semiconductors composed of monomers with closed-shell
m-systems, allowing complete fragmentation along o-bonds. The ap-
proach is demonstrated for crystalline polymers, highlighting how side-
group modifications influence the electronic properties of thiophene-
based systems such as polythiophene, P3HT, and PEDOT [1]. We
further analyze errors introduced by oversimplified electronic models
using examples of large flexible molecules, including non-fullerene ac-
ceptors for solar cells [2] and OLED materials. The approach can be
applied - albeit in less automated way - to broader class of semicon-
ductors, including metal-organic polymers [3], frameworks, and some
inorganic semiconductors [4].
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[1] Preprint at https://cmsos.github.io/escp; [2] J. Chem. Phys.
159, 024107 (2023); [3] Chem. Sci. 13, 8161 (2022); [4] J. Phys. Chem.
Lett. 12, 4674 (2021).

CPP 53.4 Fri 10:30 ZEU/LICH
Facile Correction Method for DFT Band Structures Towards
Hybrid Density Functional Level for 2D-Covalent Organic
Frameworks — eLAaura Fuchs, MaximiLiaAN F. X. DORFNER,
MarTHiAsS KNECHTGES, JOHANN OLBRICH, and FRANK ORTMANN
— Department of Chemistry, TUM School of Natural Sciences, and
Atomistic Modeling Center, Munich Data Science Institute, Technical
University of Munich, Germany

Density functional theory (DFT) is the method of choice for predict-
ing the majority of structural, and electronic properties of organic and
inorganic materials. Generalized gradient approximations, such as the
semi-local PBE functional, are widely used in the community but have
one major drawback: the band gap problem. The fundamental band
gap is typically underestimated by up to a factor of two by these ap-
proaches, which is critical since this electronic property is of utmost
importance for assessing the applicability of the investigated material
for (opto-)electronic purposes.

Here, we establish a robust linear correlation between the semi-local
PBE band gaps and the more accurate, but more expensive, hybrid
HSEO06 band gaps by analyzing organic molecules as well as extended
crystals such as covalent organic frameworks (COFs). By eliminat-
ing the need for costly hybrid functional calculations, our approach
achieves up to a 54-fold speedup compared to conventional HSE06 com-
putations. We compare various implementation strategies and evalu-
ate each method’s advantages and limitations, with particular focus
on their implications for predicting electronic transport properties.

CPP 53.5 Fri 10:45 ZEU/LICH
The influence of vibrations on charge and energy trans-
fer dynamics in a singlet fission donor-acceptor complex —
eKARIN S. THALMANN!, JonaN E. Runeson!, PEpro B. CoTo?, and
MicHAEL THoss! — !nstitute of Physics, University of Freiburg, Ger-
many — 2Spanish National Research Council (CSIC), Madrid, Spain

Singlet fission is a photophysical process in molecular materials trans-
forming a singlet excited electronic state to two triplet states [1], effec-
tively doubling the number of charge carriers. This makes molecules
exhibiting singlet fission possible candidates to increase the efficiency
of solar cells beyond the Shockley-Queisser limit. To investigate this
possibility, we analyse the charge and energy transfer dynamics in a
donor-acceptor complex consisting of a bis(diazadiborine)-based chro-
mophore [2] and tetracyanoquinodimethane. Using a combined ap-
proach of ab initio multireference perturbation theory calculations and
quantum dynamical simulations based on a harmonic vibronic cou-
pling Hamiltonian [3], we reveal competing charge and energy transfer
mechanisms, such as singlet fission-based transfer and energy decay
channels. Further, we expand our model Hamiltonian to include all vi-
brational degrees of freedom and the anharmonicity in the vibrational
modes of the chromophore. The use of mixed quantum-classical ap-
proaches allows us to analyse the influence of these vibrational modes
on the dynamics as well as the charge and energy transfer mechanisms.

[1] M. B. Smith et al., Chem. Rev. 110, 6891-6936 (2010).

[2] T. Zeng, J. Phys. Chem. Lett. 7, 4405-4412 (2016).

[3] S. R. Reddy et al., J. Chem. Phys. 151, 044307 (2019).

CPP 53.6 Fri 11:00 ZEU/LICH
Tracking the degradation of non-fullerene organic solar cells
in fluctuating environments — eLixiNGg Li, THoMmAs BAaIER, XI-
AoJiNnG C1, ZHAONAN JIN, and PETER MULLER-BuscaBauM — TUM
School of Natural Sciences, Chair for Functional Materials, 85748
Garching, Germany

The long-term operational stability of non-fullerene organic solar cells
(OSCs) remains a critical challenge that limits practical applications.
While substantial efforts have been devoted to understanding the
degradation mechanisms of OSCs under extreme conditions such as
high or low temperatures, far less attention has been paid to their po-
tential recovery behaviour. In real-world environments, organic solar
cells are not exposed to constant stress; instead, environmental factors
such as temperature, humidity, and illumination fluctuate continuously
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over time. These dynamic variations may induce partial or even re-
versible changes in device performance and morphology. It is essential
to explore not only how OSCs degrade under stress but also how they
recover once the stress is relieved or altered. In this study, we inves-
tigate the recovery processes of BTP-4F non-fullerene organic solar
cells subjected to multiple environmental parameters. Advanced char-

acterisation techniques, including grazing-incidence X-ray scattering
(GIXS) and atomic force microscopy (AFM), are employed to track
both in-situ and ex-situ structural evolution within the active layer.
These analyses provide new insights into the mechanisms governing
the recovery and structural reorganisation of OSCs under dynamic en-
vironmental conditions.

CPP 54: Gels, Polymer Networks and Elastomers Il

Time: Friday 9:30-11:15

Invited Talk CPP 54.1 Fri 9:30 ZEU/0255
NMR-based molecular rheology and structural characteriza-
tion of model gels — e KAy SAALWACHTER and BipiT LaMsaL — In-
stitut fiir Physik - NMR, Martin-Luther-Universitat Halle-Wittenberg,
Halle (Saale), Germany

Low-resolution proton NMR holds great potential for the routine as-
sessment of the relation between the NMR-detected monomer-level
mobility and the relevant physical properties of polymer-based mate-
rials. In elastomers and gels, multiple-quantum (MQ) NMR allows for
the precise measurement of residual dipolar couplings (RDCs) among
the monomer protons, which reflects the conformational space of the
highly mobile network chains. In this way, not only the average net-
work chain length but also structural inhomogeneities become accessi-
ble. In model networks made by end-linking of star polymers, we can
go as far as quantifying connectivity motifs in gels made by hetero-
complementary [1,2] and homocomplementary coupling reactions [3],
either in one-component [1,3] or amphiphilic co-networks [2].

While the measured RDC is consistently found to be proportional
to the gels’ elasticity modulus [3], the absolute-level interpretation of
the measured average RDC to predict the modulus remains a chal-
lenge. We here report on recent experiments performed on a variety
of PEO-based model gels to elucidate the effects of solvent on local
conformational fluctuations, thermodynamic aspects (solvent quality)
and the inhomogeneity of the gels.

[1] Macromolecules 44, 9666 (2011); [2] Macromolecules 55, 6573
(2022); 3] Macromolecules 57, 3058 (2024)

CPP 54.2 Fri 10:00 ZEU/0255
Characterization of the deformation and fracture of tough
double-network hydrogels — eEric EucHLER!, Sitao WaNGZ,
KoNRAD ScHNEIDER!, and SVEN WiEssNER!*3 — lLeibniz-Insititut
fiir Polymerforschung Dresden, Dresden, Germany — 2Leibniz-
Insititut fiir Polymerforschung Dresden, Dresden, Germany — 3TUD
Dresden University of Technology, Dresden, Germany

Double-network hydrogels (DNHs) feature two interpenetrating net-
works: a stiff, densely crosslinked first network that carries the load
at low strain, and a flexible, loosely crosslinked second network that
remains deformable under high strain, offering mechanical properties
comparable to elastomers and soft load-bearing biological tissues. Ad-
ditionally, a yielding phenomenon accompanied by necking of the sam-
ple can be observed. This necking zone forms under uniaxial tension
and grows with continued loading, which is associated with the frac-
ture of the first network. In this contribution, new insights into the
mechanical deformation and damage behavior are given by advanced
characterization approaches.

CPP 54.3 Fri 10:15 ZEU/0255
The Role of Connectivity Defects in Governing the
Rheology and Microstructure of tPEG Networks
eSAavAM BANDYoPADHYAY!:2, SEBASTIAN SEIFFERT3, and ARASH
NikouBAasHMAND2 — 1Leibniz-Institut fiir Polymerforschung Dresden
e.V., Germany — 2Institut fiir Theoretische Physik, Technische Uni-
versitit Dresden, Germany — 2Institut fiir Physikalische Chemie, Jo-
hannes Gutenberg-Universitiat, Germany

We utilized coarse-grained molecular simulations to examine how con-
nectivity defects influence tetra-PEG (tPEG) polymer networks. Both
homoleptic and heteroleptic systems were studied, with noncovalent
end-group bonds modeled by an inverted Gaussian potential to con-
trol valency. Defects were introduced either by deactivating functional
end groups or by deviating from ideal stoichiometry in heteroleptic
mixtures. Post-gelation structure was quantified using structure fac-
tors, radial distribution functions of attractive beads, and internal loop
statistics. Network dynamics and molecular mobility were assessed
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through mean-square displacements of individual tPEG molecules and
through bond lifetimes. Our results show that defects enhance loop
formation and substantially increase star-polymer mobility. As a con-
sequence, networks with higher defect concentrations exhibit lower vis-
cosity and faster stress relaxation. We also discuss the system’s shear
response simulated using a mesoscale solvent with hydrodynamic inter-
actions to probe loop and link interconversion kinetics. These findings
provide a molecular level understanding of how defects control the
structure, dynamics, and mechanical properties of tPEG networks.

CPP 54.4 Fri 10:30 ZEU/0255
Assembling a true Olympic gel from >16,000 combinato-
rial DNA rings — Saran K. Speep’2, Yu-Hsuan Pencl2,
Azra AtaBavb?, Krisuna Guptal2, Tont MoOLLeEr®?, Car-
oLIN FiscHErR®, ILka HErMES®, JEns-Uwe SoMMER?'%7, MICHAEL
Lanc3, and eELisua Kriec!2 — 1Division of Polymer Biomateri-
als Science, Leibniz Institute of Polymer Research Dresden, Germany
— 2Faculty of Chemistry and Food Chemistry, Technische Univer-
sitdt Dresden, Germany — 3Division of the Theory of Polymers, Leib-
niz Institute of Polymer Research Dresden, Germany — *Institute for
Theoretical Physics, Technische Universitit Dresden, Germany — °B
CUBE - Center for Molecular Bioengineering, Technische Universitét
Dresden, Germany — SDivision of Physical Chemistry and Physics of
Polymers, Leibniz Institute of Polymer Research Dresden, Germany —
"Cluster of Excellence Physics of Life, Technische Universitét Dresden,
Germany

Olympic gels consist of a three-dimensional network of mechanically
interlocked cyclic molecules providing unique mechanical properties.
We report the successful assembly of a true Olympic gel from a library
of DNA rings comprising more than 16,000 distinct molecules. Each of
these rings contains a unique sequence domain that can be enzymat-
ically activated to produce reactive termini that favor intramolecular
cyclization. Results are shown on the genetic, mechanical, and struc-
tural characteristics of the material by next-generation sequencing, os-
cillatory rheology, large-scale computational simulations, atomic force
microscopy, and cryogenic electron microscopy.

CPP 54.5 Fri 10:45 ZEU/0255
On the symmetry breaking between gelation and network
degradation — eMicHAEL LLaNg — Division of the Theory of Poly-
mers, Leibniz Institute of Polymer Research Dresden, Germany

Recent experiments indicate that there is a possible symmetry break-
ing between gelation and network degradation processes in contrast to
the predictions of percolation models and classical mean field models.
We analyze this problem by large scale computer simulations and mean
field modeling in order to avoid possible problems of the experimental
setup. The modeling is generalized to capture the main effects of cy-
clization and composition fluctuations on the gelation process. Both
our modeling and the simulation data confirm the existence of the
symmetry breaking already for systems above the overlap threshold.
This indicates some general problems of the percolation approach for
modeling polymer networks.

CPP 54.6 Fri 11:00 ZEU/0255
Crosslinking Mechanisms of Alginate-based Graft Copoly-
mers with Thermoresponsive Side Chains — eWEenqr Xul,
Soria-FaLia  Saravanou?, YErAN Sonc!, Yanpona Wancl,
JoacHIM KOHLBRECHER?, CONSTANTINOS T'sITSILIANISZ, and CHRIS-
TINE M. Papapakis! — 1TUM School of Natural Sciences, Soft Matter
Physics Group, Garching, Germany — 2University of Patras, Greece
— 3PSI, Villigen, Switzerland

Alginates are naturally occurring, non-toxic polysaccharides which
have seen extensive use in biomedicine. Here, we investigate an
alginate-based graft copolymer, namely alginate-g-P(NIPAMo4-co-
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NtBAMs), where a random copolymer of N-isopropylacrylamide (NI-
PAM) and N-tert-butyl acrylamide (N¢tBAM) is grafted onto a sodium
alginate backbone [1]. While introducing thermoresponsive PNIPAM
enables temperature-induced gelation, the hydrophobic comonomer
NtBAM regulates the transition temperature and the mechanical prop-
erties of the hydrogel. The structure and the gelation mechanisms of
the copolymers are studied in aqueous solutions using small-angle neu-

tron scattering (SANS). At this, contrast matching of the backbone
and the side chains was used to obtain selective information. The
SANS data show strong forward scattering above the transition tem-
perature of PNIPAM, which is attributed to the collapse of the side
chains, resulting in hydrophobic globules which act as nodes of the
hydrogel network.

[1] K. Safakas, C. Tsitsilianis. Int. J. Mol. Sci. 2021, 22(8), 3824.

CPP 55: Focus Session: Theoretical Modeling and Simulation of Biomolecular Condensates Il
(joint session CPP/BP)

Time: Friday 9:30-11:15

Topical Talk CPP 55.1 Fri 9:30 ZEU/0260
Data-driven modelling of phase-separating intrinsically disor-
dered regions — eGrurio TESEI}'2, Fartma KAMAL ZAIDI®, SHAN-
Long Li%, JuLian O. StrerT!, JianuaN CHEN?, Tania MiTTac?,
and KRESTEN LINDORFF-LARSEN! — !Department of Biology, Uni-
versity of Copenhagen, Copenhagen, Denmark — 2Department
of Biomedical Science, Malmé University, Malmo, Sweden
3Department of Structural Biology, St. Jude Children’s Research Hos-
pital, Memphis, U.S.A. — *Department of Chemistry, University of
Massachusetts, Amherst, U.S.A.

Intrinsically disordered regions (IDRs) constitute about one third of
the human proteome and play important roles in biological processes.
While lacking well-defined 3D structures, IDRs adopt heterogeneous
ensembles influenced by multivalent interactions; these same interac-
tions can promote phase separation and contribute to the formation
of biomolecular condensates. I will first present CALVADOS, an effi-
cient one-bead-per-residue model optimized on experimental data re-
porting on IDR conformational properties and extensively validated
on both single-chain and phase behavior across diverse sequences. I
will then describe how we used large sets of CALVADOS simulations
to train machine-learning models that accurately predict single-chain
compaction and homotypic phase-separation propensity directly from
sequence. Finally, I will introduce a hybrid-resolution model with an
atomistic backbone representation that matches the accuracy of CAL-
VADOS for global dimensions and phase separation while also captur-
ing local structure and backbone hydrogen bonding.

CPP 55.2 Fri 10:00 ZEU/0260
Born to Condense: Polysomes Drive Co-Translational Con-
densation of Biomolecular Condensate Proteins — eZHouvYIl
HEg, JEns-UwWE SoMMER, and TYLER HARMON — Leibniz Institute of
Polymer Research, 01069, Dresden, Germany

Biomolecular condensates formed by protein LLPS are ubiquitous and
crucial in cells. While the physics and functions of LLPS are well stud-
ied, its interplay with protein synthesis, translation, remains largely
unexplored. Here we propose Co-Translational Condensation (CTC),
a mechanism in which nascent protein chains of polysomes, multiple
ribosomes on one mRNA, interact with condensates, localizing transla-
tion to condensate surfaces. Using coarse-grained simulations, we show
that protein domain architecture dictates the extend of CTC, consis-
tent with a Langmuir adsorption model. Bioinformatic analysis reveals
that most condensate-associated proteins have architectures favoring
CTC, with strong interaction regions of nascent chains exposed on
polysomes. Dynamically, simulation and reaction-diffusion modeling
reveal that CTC is kinetically feasible within typical polysome life-
times, either through large polysomes nucleating new condensates or
via diffusion to pre-existing condensates. As a case study, we demon-
strate that CTC enhances post-translational modifications by mini-
mizing unmodified intermediates. More broadly, we anticipate CTC
may also influence protein folding, misfolding, and signal-integration
latency. Together, our results establish CTC as a general mechanism
coupling translation with phase separation, with broad implications
for protein evolution, cellular organization, and synthetic biology.

CPP 55.3 Fri 10:15 ZEU/0260
Local RNA /protein stoichiometry tunes the electrostatic mi-
croenvironment inside reconstituted multicomponent con-
densates — ePaTrick M. McCaLL — Leibniz Institute for Polymer
Research Dresden, Dresden, DE

Biomolecular condensates are demixed phases of biopolymers and, in
living cells, commonly form through the associative phase separation
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of strongly-charged nucleic acids together with protein polyampholytes
carrying a weak net charge. While condensates are proposed to offer
distinct aqueous environments for the organization of cellular biochem-
istry, it remains unclear which physical aspects of the microenviron-
ment are relevant and how widely they can vary between condensates.
Motivated by the large asymmetry in structural charge between typical
condensate components such as RNAs and RNA-binding proteins, we
explore here the implications of electroneutrality on the electrostatic
environment within model multicomponent condensates. Combining
classical Donnan theory with recent measurements of the macromolec-
ular composition of condensates reconstituted from full-length FUS
protein and a homopolymeric RNA [McCall et al Nat Chem 2025], we
compute the partitioning of salt ions as well as the Donnan potential
across the phase boundary. We find that RNA/FUS stoichiometry
tunes both co-ion exclusions over a wide range and is coupled to a pH
jump across droplet interface. We also find that co-ion exclusion is
suppressed by counter-ion condensation and enhanced by non-ideality
of un-bound ions. These results provide insight into the range of ionic
conditions accessible to a prominent class of biomolecular condensate.

CPP 55.4 Fri 10:30 ZEU/0260
Coarse-grained model to study the effects of electric fields on
protein interactions — eAcava Jounson!, DEBes Ray24, MaH-
NoUusH Mapani®, JaN DuonT?3 FrLoriaN PrarTen?3, Kyongok
Kang?, and Soria KanTorovicH! — 1University of Vienna, Kolin-
gasse 14-16, 1090, Vienna, Austria. — 2nstitute of Biological Informa-
tion Processing IBI-4, Forschungszentrum Jiilich, 52428 Jiilich, Ger-
many. — 3Faculty of Mathematics and Natural Sciences, Heinrich
Heine University Diisseldorf, 40225 Diisseldorf, Germany. — “Solid
State Physics Division, Bhabha Atomic Research Centre, Trombay,
Mumbai 400085, India.

Proteins can undergo transition between a wide range of organisa-
tional states, from soluble monomers to disordered phases and ordered
structures. Experiments have shown that lysozyme in sodium thio-
cyanate solution can form homogeneous, crystalline, or liquid phases
depending on the salt and protein concentrations, and that these phase
boundaries can be shifted by applying an electric field. We present
a coarse-grained model of lysozyme in sodium thiocyanate solution,
representing the protein as an ellipsoid decorated with charged and
adhesive surface patches. Counterions and monovalent salt are treated
explicitly via excluded-volume repulsion and Coulombic interactions.
We investigate (i) how patch size and salt*patch interactions influence
ion distributions around a single protein, with and without an exter-
nal electric field, and (ii) the resulting effective interactions between
two proteins as functions of patch properties, salt concentration, and
applied electric field.

CPP 55.5 Fri 10:45 ZEU/0260
Entropic Clustering of Stickers Induces Aging in Bioconden-
sates — eHuco LE Rovy! and PaoLo DE Los Rios? — !Department
of Civil, Chemical and Environmental Engineering, University of
Genoa, Genoa, Italy — Z2Institute of Physics, Ecole Polytechnique
Fédérale de Lausanne

Neurodegenerative conditions, such as Parkinson’s disease, results from
the aggregation of synaptic proteins such as alpha-synuclein. In
a healthy presynaptic neuron, effective neurotransmission relies on
the spatial organization of synaptic vesicles within phase-separated
droplets. These vesicles release neurotransmitters into the synaptic
cleft to activate ion-gated channels on the postsynaptic neuron.

In this work, we investigate how this transmission process is impaired
during neurodegeneration. Specifically, we focus on the solidification
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of these phase-separated droplets, a phenomenon described as aging,
leading to protein aggregation and associated with the emergence of
pathology. We explore the connection between the mechanical proper-
ties of the condensates and their microscopic structure using a minimal
physical model that treats complex molecules as stickers and spacers.
We show that entropy maximization of spacers leads to an effective
attractive force between stickers. As a result, our system displays a
surprisingly slow relaxation toward equilibrium, reminiscent of glassy
systems and consistent with the liquid-to-solid transition observed in
aging droplets. By analyzing the clustering dynamics of stickers, we
successfully explain the microscopic origin of this glassy relaxation.

CPP 55.6 Fri 11:00 ZEU/0260
Biomolecular condensates with a Twist: From Assembly to
Arrest — eManEsH YAapav!:? and Lukas SteLzL? — lInstitute of
Physics, Johannes Gutenberg University, Mainz — 2Institute of Molec-
ular Physiology, Johannes Gutenberg University, Mainz

In this work, we investigate the phase behavior of RNA-binding protein
Fused in Sarcoma (FUS), whose multivalent and intrinsically disor-

CPP 56: Molecular and Polymer
Time: Friday 10:45-12:00

Invited Talk CPP 56.1 Fri 10:45 HUL/S386
Liquid Dynamics at Interfaces — eMicHAEL VoGEL — Institut
fiir Physik kondensierter Materie, TU Darmstadt, Hochschulstrafie 6,
64289 Darmstadt

Liquids at interfaces are of great importance in nature and technology,
for instance, in biological cells, clay minerals, and energy materials.
Typically, the dynamics of liquids at interfaces significantly differ from
those in the bulk. We combine nuclear magnetic resonance and broad-
band dielectric spectroscopy with molecular dynamics simulutations to
determine the magnitude and range of these interface effects in broad
frequency and temperature ranges. It is shown that the free energy
landscape imposed by an interface on an adjoining liquid enables a
basic understanding of the altered dynamical behavior [1]. It will be
discussed that a knowledge of interface effects allows one not only to
obtain valuable insights into the properties of confined water and, when
avoiding crystallization, the anomalies and vitrification of bulk water
[2-4], but also to steer ion transport in electrolyte-host systems for im-
proved lithium-ion battery and proton-exchange membrane materials
[5-7].

[1] S. Hefner et al., Phys. Rev. Lett. 133, 106201 (2024)

[2] V. Schiller and M. Vogel, Phys. Rev. Lett. 132, 016201 (2024)

[3] J. H. Melillo et al., PNAS 121, ¢2407030121 (2024)

[4] E. Steinriicken et al., J. Phys. Chem. Lett. 14, 4104 (2023)

[5] M. Stevenson et al., Adv. Funct. Mater. €15706 (2025)

[6] S. F. Winterstein et al., J. Am. Chem. Soc. 145, 27563 (2023)

[7] A. F. Privalov et al., J. Phys. Chem. Lett. 14, 9335 (2023)

CPP 56.2 Fri 11:15 HUL/S386
The analytical and numerical investigation of star-shaped
copolymers with three arms in confined geometries —
eZorIANA DaNEL!, Joanna HaLUN?, and Pawger KArRBOwNICZEK!
— 1Cracow University of Technology, Poland — 2Institute of Nuclear
Physics, Poland

The influence of star copolymer topology on the depletion interac-
tion potentials, the depletion forces, the radius of gyration and the
monomer density profiles is investigated analytically and numerically.
The method of analytical calculation of the dimensionless depletion in-
teraction potentials and the dimensionless depletion forces for a dilute
solution of ideal star-shaped copolymers with three legs in combina-
tion f=2-1 in a ©-solvent confined in a slit geometry of two parallel
walls with repulsive surfaces and for the case of one repulsive and the
other inert surface is proposed. Besides, molecular dynamic simula-
tions of a dilute solution of star-shaped copolymers in a good solvent
with three number of legs with N=801 monomers (300+300-+200+1)
for combination f=2-1 and N=701 monomers (3004-2004200+1) for
combination f=1-2 confined in a slit with different boundary condi-
tions are performed and the results of the monomer density profiles
for the above mentioned cases are obtained for the narrow and wide
slit region. Furthermore, the numerical calculations of the radius of

dered regions drive the formation of biomolecular condensates through
liquid-liquid phase separation. FUS is a multi-domain protein with
arginine-glycine-rich segments (RG-rich domains) that participate in
essential cellular proceses. We examine how characteristic sequence
motifs such as RGG.. mediate homotypic and nucleic acid binding,
and how targeted point mutations (e.g., RtoK, RtoA) disrupt these
motifs and impair condensate formation. Using the thermodynamics
phase diagram as a benchmark we highlighted the shift in phase separa-
tion propensity of the FUS and its variants. Furthermore, we identify
the role of key interactions such as electrostatics, m-m and cation-m
in nucleic acid binding at atomistic scale. We further characterized
the emergent viscoelastic behavior of FUS condensates at multiple
scales. We observe that upon mutations the overall dynamics slows
down which reflects the gel-like state. Within the condensate interior,
protein chains exhibit sub-diffusive dynamics arising from intermittent
binding and viscoelastic resistance, mobility at the interface is further
suppressed due to anisotropic interactions and interfacial confinement.
To quantify these behaviors across relevant scales, we employ multi-
resolution simulation models.

Dynamics, Friction and Rheology |
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gyration for star-shaper copolymers in combination f=2-1 and f=1-
2 are performed. The obtained results are interesting from scientific
and practical point of view, because of their potential application in
materials engineering, nano-technology, biotechnology and medicine.

CPP 56.3 Fri 11:30 HUL/S386
Polymer melt dynamics in the light of viscoelastic hydrody-
namic interaction — eHENDRIK MEYER — Institut Charles Sadron,
Université de Strasbourg, CNRS UPR22, 67034 Strasbourg, France

Our group has shown that anomalous center-of-mass (CM) diffusion
occurring on intermediate time scales in polymer melts can be ex-
plained by the interplay of viscoelastic and hydrodynamic interactions
(VHI). The theory has been solved for unentangled melts in 3D [1] and
2D [2] and excellent agreement between theory and molecular dynamics
simulation is found. The theory was developed for momentum conserv-
ing dynamics as well as Langevin dynamics. The physical mechanism
considers that hydrodynamic interactions are time dependent because
of increasing viscosity before the terminal relaxation time. We show
that this mechanism is generally active and relevant in melts including
entangled systems, rings or stars.

[1] PRL 107, 178301 (2011); PRE 85, 051807 (2012). [2] PRL 109,
248304 (2012); Soft Matter 9, 4249 (2013).

CPP 56.4 Fri11:45 HUL/S386
Knots under Shear Flow eMAURICE P.
ScumiTT!, ANDREY MiILcHEVZ, and PeETER VIRNAU! — lInstitut
fur Physik, Johannes Gutenberg-Universitat, Mainz, Germany —
2Institute of Physical Chemistry, Bulgarian Academy of Sciences,
Sofia, Bulgaria

in Polymers

Knots in polymers and biological macromolecules, such as DNA and
proteins, are crucial to their structure and function. However, the ef-
fect of external forces on knots in polymers is still insufficiently under-
stood. Here, we investigate the impact of shear and Poiseuille flow on
knotted flexible polymers using Molecular Dynamics (MD) and Multi-
Particle Collision Dynamics (MPCD) simulations. We find that un-
der simple shear (Couette flow), initially loose knots in polymer coils
tighten beyond a critical shear rate. Further increase of the shear rate
leads to tumbling motions of the chains in flow and fluctuating knot
sizes. In contrast, knotted polymer globules subjected to shear unfold
into pearl-necklace-like conformations, whereby knots spread across
multiple sub-globules and undergo dynamic topological transitions. In
Poiseuille flow, knots also tighten under increasing flow strength, with
fluctuations in knot size emerging at high shear rates. Unexpectedly,
the slit thickness significantly influences the tightening process even at
constant mean shear rate. These findings reveal that both Couette and
Poiseuille flow induce major structural and topological transformations
in knotted polymers, offering insight into the behavior of knots under
hydrodynamic forces in confined and driven environments.
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CPP 57: Hybrid, Organic and Perovskite Optoelectronics and Photovoltaics VIII

Time: Friday 11:30-13:00

CPP 57.1 Fri 11:30 ZEU/LICH
Novel n-Dopants for Improving Organic Solar Cells — eYaHYA
AsL SoLemMaNI', Nora ENGELMANN!, STEPHANIE Bucunorrz!,
JORN VAHLAND?, ADRIAN KISHONTIZ?, STEFFEN WOLTERINGZ, KARL
Leo!, and Jouannes Benpunn! — !Institute of Applied Physics,
Technische Universitiat Dresden, Nothnitzer Strafte 61, 01187 Dresden,
Germany — 2CREDOXYS GmbH, Liebigstrafe 26, 01187, Dresden,

Germany

Doping is a crucial concept in semiconductor technology, and it is no
different for organic semiconductors. It increases conductivity and fa-
cilitates carrier injection and extraction. While substantial success has
been achieved for organic molecular p-dopants, the same cannot be said
for n-dopants. They suffer from an inherent disadvantage: the highest
occupied molecular orbital (HOMO) of the n-dopant must be lower
than the lowest unoccupied molecular orbital (LUMO) of the host,
rendering them typically unstable under ambient conditions. Here, we
report a new and efficient molecular n-dopant that can dope Cgg to a
conductivity of 20 S/cm. We investigate the origin of its efficacy and
explore the doping mechanism using ultraviolet electron spectroscopy
(UPS). Moreover, we incorporate the new n-dopant into organic solar
cells, demonstrating its effectiveness by improving the power conver-
sion efficiency of the reference devices.

CPP 57.2 Fri11:45 ZEU/LICH

Computational Study of Electronic Trapping in TADF Host-
Guest Systems — eNaoml KINARET!, ANDREI STANKEVYCHZ3,
ANDRIY ZUuGAYEvycH', RisnaBH SAXENA!, ALEXANDER VAKHNINS,
Kun-Han Lin'4, Denis ANDriENko!, HEeINz BAsSLERZ, ANNA
KouLer?, and ANDREY KapasHcHuk?3 — !Max Planck Institute
for Polymer Research, Mainz, Germany — 2University of Bayreuth,
Bayreuth, Germany — 3National Academy of Sciences of Ukraine,

Kyiv, Ukraine — *National Tsing Hua University, Hsinchu, Taiwan

Extrinsic traps created by dopants or impurities are ubiquitous in or-
ganic semiconductors and can critically influence charge transport [1].
Here we report a computational study of the trapping of charge carri-
ers in amorphous host-guest systems of the thermally activated delayed
fluorescence (TADF) emitter DMAC-TRZ in two different hosts, vali-
dated by low-temperature thermally- stimulated luminescence (TSL).
In both hosts we find that DMAC-TRZ forms an additional Gaussian
density of states (DOS), offset from the host DOS by a trap depth
€t. In both systems trap depths and DOS widths, opog, agree with
experimentally observed values over a range of compositions, showing
that the nominal trap depth is concentration independent. In the case
of deep traps, €,>30pos, we observe concurrent charge detrapping via
guest-to-host and guest-to-guest pathways, with the latter dominating
for ¢¢ > 5%. Guest-guest transfers are observed already at the low
guest concentration of ¢; = 1%, attributed to local guest clustering
and superexchange- mediated inter-cluster transfers.
[1] Kotadiya, N.B., et al., Nat. Mater. (2019).

CPP 57.3 Fri 12:00 ZEU/LICH
Interface Engineering toward High-Performance
Subphthalocyanine-based Single-Component Organic Pho-
todetectors — eANNCHARLOTT KusBER!, YiNeg Sun2, JakoB
Woranksy!3, FrReEp KRrRETscHMER!, CoNrRAD WINKLERD3, ANNA-
Lena Hormann!, Ji-Seon Kim?, KarL Leo!, and JoHANNES
BeNDUHN''3 — Mnstitute of Applied Physics, Technische Universitit,
Dresden, Germany — 2Imperial College London, United Kingdom —
3German Centre of Astrophysics, Gorlitz, Germany

Organic photodetectors (OPDs) have attracted considerable attention
due to their capability to convert light into electrical signals and en-
able high-quality imaging, while simultaneously offering the intrinsic
benefits of organic materials. Single-component (SC) OPDs, using a
single photoactive organic semiconductor material, have several advan-
tages over the commonly used bulk heterojunction OPDs such as its
simplified structure. The influence of several organic electron trans-
port layers (ETLs) on energetic landscape at the immediate interface
with organic layers has not yet been systematically reported. This is
necessary to gain a deeper understanding of physics of organic inter-
faces, thereby enabling the further optimization of OPD performance.
Sensitive measurement techniques were used to analyse the influence
of different organic interfaces on the OPD performance.
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These investigations lead to SubNc SC OPD devices, which achieves
an EQE of 56 % at 0 V, an ultra-low Jp of 2.5-10"A-cm~2 at -0.5
V and D* of 3.8 - 10'* Jones at 0 V (based on calculated shot noise).

CPP 57.4 Fri 12:15 ZEU/LICH
Impact of additive on the morphology and electronic states of
PPDT2FBT:PCBM organic solar cells — Mp MorpuL IsLam!:2,
Hassan Ismainl2, SaiB Qazit2, UrLricH S. ScHUBERTM2, and
eHaraLD Hoppel? — lLaboratory of Organic and Macromolecu-
lar Chemistry (IOMC), Friedrich Schiller University Jena, Humboldt-
strasse 10, 07743 Jena, Germany — 2Center for Energy and Envi-
ronmental Chemistry Jena (CEEC Jena), Friedrich Schiller University
Jena, Philosophenweg 7a, 07743 Jena, Germany

Among organic solar cells using PCBM as an acceptor, the donor
PPDT2FBT yields one of the highest power conversion efficiencies
(PCE) of nearly 10%. It has been demonstrated that the processing
additive diphenyl ether (DPE) contributes to that success essentially.
However, the exact mechanism responsible for the performance im-
provement has so far not been revealed. Therefore, we undertook a
systematic study for comparing PPDT2FBT:PCBM solar cells, under
variation of annealing temperatures and use of DPE. A combination
of optical, electrochemical, microscopic, and further characterization
methods enabled the decoding of the impact of DPE on the blend mor-
phology. In addition, the limitation in device stability by extended
morphological degradation has been revealed and strategies to over-
come those are being discussed.

CPP 57.5 Fri 12:30 ZEU/LICH
Photo-physics of symmetric and asymmetric ITIC-2F non-
fullerene acceptors in organic solar cells ®SHAHIDUL
Avam2, NisReeN ALSHEHRIZ, MICHAEL BuLcakov®, ZERUI
L1*, KoawLAa ALKHEZAIM2, MARYAM ALQURASHI?, OLEKSANDR
Matiasu?, VoiTecH Napazpy®, Marrin  Hacer®, Urricn
S ScuuBerT®, ViabpiMIR Dvakonov?, HaraLp Hoppe®, PE-
TER MULLER-BuscuBaum?, ANDREAs SpErRLICH?, and FREDERIC
Laquarb2 — 1LMU Munich — 2KAUST, Saudi Arabia — 3 University
of Wurzburg — 4TU Munich — ?Slovak Academy of Sciences, Slovak
Republic — SFSU Jena

Fluorination is an effective strategy to tune the electronic and struc-
tural properties of organic semiconductors by lowering frontier orbital
energies, enhancing intermolecular interactions, and improving stabil-
ity. We investigated ITIC and its fluorinated derivatives, sITIC-2F
and alTIC-2F, in blends with PBDB-T and its halogenated analogue
PMS6 to elucidate the effects of fluorination on molecular packing and
energetics. Optically detected magnetic resonance reveals triplet ex-
citons in all pristine materials and blends, with their donor-acceptor
distribution governed by fluorination. These results demonstrate that
fluorination effectively modulates molecular organization and excited-
state dynamics, leading to improved structure-property-performance
relationships in organic solar cells.

CPP 57.6 Fri 12:45 ZEU/LICH
Single-Component Vacuum-Deposited Organic Photodetec-
tors Achieving NIR Detection — eJakos WoLaNsky!4, Ja-
coB HiLLe!, Cepric HorrMANN?, MicHEL Panmans®, FRaNK
ORrRTMANN3, NaraLie BanerJsi?, KarL Leo!, and JOHANNES
Benpunn'4 — HAPP, TU Dresden, Germany — 2DCBP, University
Bern, Switzerland — 3NAT-School, TU Munich, Germany — *DZA,

Gorlitz, Germany

Efficient charge separation in organic semiconductor devices typically
relies on an energetic offset at the donor-acceptor interface to disso-
ciate photogenerated electron-hole pairs. While such an offset facili-
tates charge generation, it can limit the maximum open-circuit volt-
age. Additionally, interfacial traps generate charge carriers in the dark.
To address these limitations, significant research is exploring single-
component (SC) architectures that minimize interfacial losses.

In this work, we investigate SC organic photodetectors in which a
newly developed small molecule serves as the active layer. By chem-
ically tuning the molecular structure, extended near-infrared absorp-
tion up to 900nm is achieved, while maintaining devices with a large
linear dynamic range of 160dB, a -3dB cutoff frequency of 50kHz, and
an external quantum efficiency of 20% at zero bias. Comparison with
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the widely studied small molecule DCV2-5T allows the extraction of
structure-property relationships that serve as a basis for future molecu-
lar design. Furthermore, an in-depth analysis of the charge generation

process in DCV2-5T provides new insights into the pathways governing
efficient photogeneration in SC organic systems.

CPP 58: Gels, Polymer Networks and Elastomers I

Time: Friday 11:30-13:00

CPP 58.1 Fri 11:30 ZEU/0255
X-ray induced structural changes in supramolecular poly-
mer networks oNIELS 1.2 YASOTHAA

C. GIESSELMANN"'~,
THAVAYOGARAJAH®, MOSTAFA AHMADI3, SEBASTIAN SEIFFERT®, and
KATRIN AMANN-WINKELY2 — Institute of Physics, Johannes Guten-
berg University, Mainz, Germany — ?Max Planck Institute for Poly-
mer Research, Mainz, Germany — 3Institute of Chemistry, Johannes
Gutenberg University, Mainz, Germany

Supramolecular polymer networks consist of non-covalently cross-
linked macromolecules. Such transient links can be established through
functionalized polymer building blocks. An interesting property of this
group of materials is their ability to self-heal mechanical damage. We
observed polymer networks made of star-shaped four-arm PEG build-
ing blocks with metal-complexing end groups. Due to their transient
binding, the building blocks diffuse through the polymer network in a
process that is not yet understood in detail. In this study, we employed
both X-ray scattering in order to probe the structure of the network
on the molecular as well as the macromolecular level. This way, we
hope to better understand the mechanical and self-healing properties
of these polymer networks. We report the emergence of structural
changes in dependence of the X-ray flux that futhermore persist when
measuring far away from the initially illuminated area. This effect
can be explained by the affected molecules spreading throughout the
sample by means of the transient binding dynamics mentioned above.

CPP 58.2 Fri 11:45 ZEU/0255
Deciphering the photopolymerization-induced nanostructure
and interface formation for submicron additive manufac-
turing — eSnouzuenc CHEN''23 Yurenc Zuia?, Lixine Li',
SARATHLAL KoviLorn VavaLiL?, RoLr A.T.M. van BENTHEM?, Jo-
HAN F.G.A Janssen®, Mars K. G. JoHanssonN®, PETER MULLER-
BuscusauM!, and StepHAN V. Rotu?% — 1TUM School of Natu-
ral Sciences, Chair for Functional Materials, Garching, Germany —
2DESY, Hamburg — 3MLZ, TUM, Garching, Germany — 4TU/e,
Eindhoven, the Netherlands — 5Covestro (Netherlands) B.V., Geleen,
the Netherlands — SDepartment of Fibre and Polymer Technology,
KTH, Stockholm, Sweden

UV-curing is widely used in additive manufacturing due to its con-
trollable spatiotemporal characteristics. In submicron additive manu-
facturing, the involvement of solvents and limitations on film thick-
ness complicate the precise regulation of nanostructures and inter-
layer interface. By using grazing incidence small angle X-ray scatter-
ing (GISAXS) and employing the oligomer (urethane dimethacrylate,
UDMA)/monomer (2-ethylhexyl acrylate, 2-EHA) based resin system,
we quantify the heterogeneous distribution of UDMA- and 2-EHA-
rich nanodomains (around 23 nm and 13 nm in radii, respectively) in
the cured system. Combining Bornagain, we reveal the buried "frozen”
nano-wrinkles at interlayer interfaces(cones with radius of 70 nm, slope
angle of 18°) induced by solvent and constraint stress synergistically.
Our findings offer deeper insights for high precision submicron additive
manufacturing.

CPP 58.3 Fri 12:00 ZEU/0255
From real polymers to random graphs: percolation thresh-
olds in associative polymer solutions — eXINXIANG CHEN,
LENNART HEBESTREIT, and FRIEDERIKE SCHMID Johannes
Gutenberg-University Mainz, Mainz, Germany

Multivalent reversible crosslinking is ubiquitous in soft matter and
biomolecular condensates, yet their sol-gel transitions often deviate
from the classical Flory-Stockmayer picture due to chain conforma-
tions, intrachain binding, and loop formation. Here, we develop a
unified framework combining molecular dynamics simulations with
random-graph and random-geometric-graph approaches to quantita-
tively link real polymer architectures to abstract network models. For
single- and two-component reversible polymers with one-to-one specific
binding, we determine gel points from topological connectivity and find
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percolation thresholds substantially higher than Flory-Stockmayer pre-
dictions. By comparing spatially unconstrained random graphs with
spatially correlated random geometric graphs, we show that intrachain
binding and loops markedly reduce the effective interchain bonding
needed to form an infinite cluster. Meanwhile, the theoretical results of
the generating function and the Lagrange inversion further yield cluster
size distributions and giant cluster fractions. Our work demonstrates
how spatial correlations and polymer conformations fundamentally re-
shape reversible network formation, offering a unified topological and
physical perspective on reversible gels and biomolecular condensates.

CPP 58.4 Fri 12:15 ZEU/0255
From Champagne Fizzling to Confined Polymer: Natural and
Artificial Bubble Nucleation — eCaRrLOs ARauUz-MoreNnob?2,
Kevyvan Piroirp?, and EvnisE Lorenceau! — 1Université Greno-
ble Alpes, CNRS, LIPhy, F-38000 Grenoble, France — 2Saint-Gobain
Research Paris, F-93360 Aubervilliers, France

Bubbles dazzle the senses when pouring a Champagne glass. However,
there is a hidden trick to this elegant experience: natural nucleation
sites, such as tartrate crystals from washing or cellulose fibers from dry-
ing, or artificial sites, like crenels in the flute, are used to trigger bubble
nucleation by lowering the energy barrier required to grow a bubble;
otherwise, Champagne wouldn’t bubble at all. By using a model sys-
tem of viscoelastic polyvinyl butyral (PVB), we show that the concepts
of natural and artificial nucleation from Champagne equally apply to
confined viscoelastic polymers. Our experimental results show that wa-
ter vapor, which tends to aggregate inside the PVB matrix in the form
of clusters, escapes in copious amounts from the polymer bulk when
the latter is heated and decompressed (e.g., at 140°C, dP=1bar). How-
ever, bubbles may only form at naturally trapped fibers, dust speckles,
or in artificial crenels on the glass surface. The number of natural nu-
clei is apparently and counterintuitively inversely proportional to the
applied temperature. Moreover, bubbles can take on different shapes
and sizes because coalescence does not occur. Finally, we investigated
how the growth rate of bubbles is impacted by whether nucleation is
natural or artificial, revealing a clear distinction between the two: the
growth rate in the former is global while in the latter is local.

CPP 58.5 Fri 12:30 ZEU/0255
Steric Origins of Microgel Thermoresponsiveness Revealed
by All-Atom Polymer Simulations — eJaNNIs KRUGER!, LETIZIA
TavacNacco?, EMANUELA ZACCARELLIZ, and THomas HELLWEG! —
IPhysical and Biophysical Chemistry, Bielefeld University, Germany
— 2Department of Physics, Sapienza University of Rome, Italy

Microgels based on N-isopropylacrylamide (NIPAM) are well estab-
lished in soft matter science due to their thermoresponsive swelling
behavior. Dynamic light scattering (DLS) reveals a sharp decrease
in the hydrodynamic radius at a characteristic volume phase transi-
tion temperature (VPTT), which occurs around 34°C. In our previous
work! we observed that by adding a non-thermoresponsive comonomer
such as N-tert-butylacrylamide (NtBAM), this transition broadens in
temperature until it disappears at high molar contents. The VPT is
typically interpreted in terms of hydrophilicity or hydrophobicity; how-
ever, the steric demand of chemical substituents is often overlooked.
In this work, we compare DLS measurements with all-atom molecular
dynamics simulations of NIPAM and NtBAM polymer chains in wa-
ter, to show how subtle differences, like replacing an isopropyl with
a tert-butyl group, substantially affects the coil-globule transition of
polymers in water, thereby providing deeper insights into the molecular
origin of the broadening and lowering of the VPTT in real microgels.

[1] J. Krtiger, S. Kakorin, and T. Hellweg, Colloid Polym. Sci. 303,
1815 (2024).

CPP 58.6 Fri 12:45 ZEU/0255
Photo-responsive microgels as model systems with tunable
crosslinking density — eDomiNik WOLL and CHRISTIAN METZEN
— Institute of Physical Chemistry, RWTH Aachen University
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Functional microgels have powerful applications due to their spe-
cific structure, which can quickly respond to external stimuli such
as temperature, pH, ionic strength, solvent composition, and light.
We synthesized double-responsive poly(N-isopropylacrylamide) (PNI-
PAM) microgels that react to both light and temperature. The
light responsiveness is achieved by the addition of photoswitchable
trans-azobenzene (Azo) units that crosslink with the corresponding -

cyclodextrin (8-CD) units copolymerized into the microgel. Irradiation
with light causes switching from trans-Azo to cis-Azo and thus opening
of the crosslink. With the wavelength of light, and the corresponding
photostationary state, the crosslinking density in these microgels can
be precisely controlled with light. This model system allows us to
investigate the influence of crosslinking density on the structure and
properties of microgels.

CPP 59: Crystallization

Time: Friday 11:30-13:00

CPP 59.1 Fri 11:30 ZEU/0260
Structure formation in Polyamide 6 under process-relevant
conditions: In situ SAXS/WAXS study using a modular
FlowCell setup — e ANNA KATHARINA SAMBALE!, Eric EUCHLER!,
Moritz Kurkowski!, Exnno Henn', REcINE Borpt!, MATTHIAS
SCHWARTZKOPF2, SARATHLAL KoviLoTH VAvAaLIL?3, and MARKUS
StomMmEL!# — 1Leibniz-Institut fuer Polymerforschung Dresden e.V.,
Dresden, Germany — 2Deutsches Elektronen Synchrotron DESY,
Hamburg, Germany — 3Applied Science Cluster, UPES, Dehradun,

India — 4TUD Dresden University of Technology, Dresden, Germany

The microstructural evolution of semi-crystalline thermoplastics dur-
ing melt processing is governed by local thermo-rheological conditions,
which strongly influence crystallization kinetics and consequently, the
final material properties. To analyze these interdependencies under
process-relevant conditions, a modular FlowCell setup was developed
for time-resolved in situ SAXS/WAXS experiments at the synchrotron
beamline P03 at DESY, Hamburg. The setup combines a commer-
cial single-screw extruder with customized temperature-controlled slit
capillary that enables measurements during controlled cooling from the
melt to solid state, with synchronized acquisition of IR-thermography
data and, in extended configurations, Raman spectroscopy. Recent ex-
periments on polyamide 6 demonstrate the impact of different cooling
strategies and nucleation conditions on the resulting structure. The re-
sults highlight the relevance of spatially and temporally resolved analy-
sis techniques for understanding structure formation towards industrial
polymer processing.

CPP 59.2 Fri 11:45 ZEU/0260
Influence of Composition on Sanidic Liquid Crystalline
Mesophases in Statistical Copolythiophenes — e ALEXANDER
Mucnu!, Jakos Danziger!, Qian Wang?, MICHAEL SOMMERZ,
and OLEKSANDR DorLyNcHUK! — 'Martin-Luther-Universitat Halle-

Wittenberg — 2Technische Universitét Chemnitz

Liquid-crystalline (LC) materials exhibit a variety of structural forms
depending on the degree of order, allowing for the novel combination
of their anisotropic properties. Board-like conjugated polymers with
stiff backbones and short side chains, such as poly-(3-hexylthiophene)
(P3HT), are of particular interest because they exhibit weakly explored
sanidic LC mesophases.

Here, we study the influence of chemical side-chain modifica-
tion on the LC phase transitions in statistical copolymers poly-(3-
hexylthiophene)-stat-poly-[3-(6-cyanohexyl)thiophene| using differen-
tial scanning calorimetry (DSC) and temperature-resolved wide an-
gle X-ray scattering. We find that the copolythiophenes go trough a
cascade of sanidic LC mesophases during heating, similar to those in
P3HT. Remarkably, the temperature range where sanidic mesophases
exists follows the melting range from DSC as a function of comonomer
composition and increases towards the intermediate composition with
an apparent minimum in values of melting temperature and enthalpy.
This suggest that energetic contributions reduce the thermal stability
of sanidic LC phases in copolythiophenes, and that LC transition tem-
peratures can be tuned through statistical copolymerization without
negating their existence.

CPP 59.3 Fri 12:00 ZEU/0260
In-situ structure and morphology investigations of slot-die
coated perovskite nanocrystal films — eTHoMAs Baier!, AL-
TANTULGA Buvan-Ariviikna!, Lixine Lit, Xiaonne Crt, MARKUS
DOBLINGER?, MATTHIAS SCHWARTZKOPFS, THOMAS BEIN2, SARATH-
LaL KoviLoTH VavariL®4, and PETER MULLER-BuscHBAUM! —
ITUM School of Natural Sciences, Chair for Functional Materials,
Garching, Germany — 2Department of Chemistry, LMU, Munich —
3DESY, Hamburg — 4UPES, Dehradun
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Colloidal perovskite nanocrystals (PNCs) are promising in contribut-
ing to next-generation optoelectronic and energy conversion technolo-
gies. In this work, mixed-cation cesium-formamidinium lead-iodide
(Cs(1-x)FAxPbI3) PNCs were synthesized via a colloidal hot-injection
route and subsequently processed into thin-film active layers using slot-
die coating for scalable manufacturing. The evolution of structural
order during deposition was probed in-situ using grazing-incidence
small- and wide-angle X-ray scattering (GISAXS and GIWAXS), pro-
viding direct insights into nanocrystal packing, ordering, and defect
formation. Simultaneous optical characterization via photolumines-
cence (PL) provided complementary information on the evolution of
optical properties during deposition, while transmission electron mi-
croscopy (TEM) enabled correlation with nanoscale information. By
combining colloidal synthesis, in-situ structural probes, and optical
characterization, this work directly links nanoscale assembly, defect
states, and the optoelectronic performance of perovskite nanocrystal
thin films.

CPP 59.4 Fri 12:15 ZEU/0260
Interplay of heterogeneous nucleation and prefreezing in PBS
droplets on graphene — eMARTHINUS VAN NIEKERK, MORITZ
HarreELT, and OLEKSANDR DoLyNCHUK — Experimental Polymer
Physics, Martin-Luther-University Halle-Wittenberg, Germany

The dominant crystallization mechanism depends on the kinetics of
formation and crystal growth. Heterogeneous nucleation, leading to
spherulitic morphology, and prefreezing, leading to epitaxial morphol-
ogy, are two mechanisms of interface-induced crystallization in poly-
mers. However, research on prefreezing is in a seminal phase, and
its possible competition with nucleation during cooling remains un-
explored. Here, we study the crystallization behavior of dewetted
poly(butylene succinate) (PBS) droplets on graphene, a known pre-
freezing substrate for PE and PCL, during cooling from the melt at
different rates using optical- and atomic force microscopy and wide-
angle X-ray scattering. Across a large range of cooling rates, nucleation
was found to be dominant, resulting in spherulitic morphology in large
droplets. However, indications of prefreezing were observed in very
small droplets exhibiting epitaxial morphology. Subsequent annealing
close to Ty, resulted in significant reordering and enhancement of out-
of-plane orientation, causing a change in morphology from spherulitic
to epitaxial for all droplets up to several hundred nanometers. Theoret-
ical analysis revealed a significant lattice mismatch between graphene
and PBS, suggesting it is a plausible reason for the absence of rapid
prefrozen layer growth during initial cooling from the melt.

CPP 59.5 Fri 12:30 ZEU/0260
Crystallization of polymer networks in the constant-strain
and constant-stress ensembles — Armika BaarDWAJ!, Huza-
1FA SHaBBIR!, JENs-Uwe SomMmeRD2, and eMarco WERNER! —
1Bereich Theorie der Polymere, Leibniz-Institut fiir Polymerforschung
Dresden e.V., Dresden, Germany — 2Institut fiir Theoretische Physik,
Technische Universitat Dresden, Germany

We investigate how deformation and cross-links affect the crystal-
lization of polymer networks using molecular dynamics simulations.
A cooling- and heating cycle are simulated both under constant-
strain and constant-stress conditions, monitoring specific volume, crys-
tallinity, and orientational order as functions of temperature. In both
ensembles, deformation induces chain pre-alignment along the load-
ing direction, driving crystallization at higher transition temperatures.
Under constant stress, the pre-alignment promotes crystal growth
along the mechanically induced director resulting in a substantial in-
crease of deformation in favor of that direction. These results show
how mechanical ensemble, deformation, and cross-linking can be com-
bined to tailor the shape response of polymer networks upon phase
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transition.

CPP 59.6 Fri 12:45 ZEU/0260
Surface-induced ordering and continuous breaking of trans-
lational symmetry in conjugated polymers — ANTON SINNER,
ALEXANDER MucH, and € OLEKSANDR DOLYNCHUK — Martin Luther
University Halle-Wittenberg, Germany

Surface-induced liquid crystalline (LC) phase transitions elicit funda-
mental interest and hold potential for leveraging the accompanying
anisotropic order at the surface. Board-like conjugated polymers are
of particular interest due to the novel sanidic LC phases they exhibit,
which have remained largely unexplored. Specifically, although pref-
erential molecular orientation near the free surface has been observed
in films of conjugated polymers, the mechanism of its formation is not

CPP 60: Molecular and Polymer
Time: Friday 12:15-13:00

CPP 60.1 Fri 12:15 HUL/S386
Fouling in Emulsion Polymerization of Different Copolymers
investigated in-situ with the Quartz Crystal Microbalance
(QCM) — eKEVIN MARVIN HorFFMANN and DIETHELM JOHANNS-
MANN — Clausthal University of Technology, Institute of Physical
Chemistry, Arnold-Sommerfeld-Strafe 4, 38678 Clausthal-Zellerfeld,
Germany

In emulsion polymerization, reaction and particulate fouling leads to
clogging, product contamination, and reduced heat transfer efficiency.
Common techniques for in-line monitoring of fouling are based on the
heat transfer efficiency across the surface and the pressure drop in
pipes or tubes. These techniques show fouling layers at thicknesses of
a few tens of micrometers, at least. They are not sensitive enough to
study the initial stages of a fouling.

A quartz crystal microbalance with dissipation monitoring (QCM-
D) was used to study fouling in-situ. The QCM infers changes in mass
on its surface to changes of its resonance frequency. It is sensitive down
to the nanometer range. In addition to an estimate of the layer thick-
ness, the QCM-D provides for additional information, derived from the
comparison between the shifts in frequency and half-bandwidth as well
as the comparison between different overtones.

It was found that polyacrylates behaved characteristically differently
from polyvinyl acetates. The polyacrylates formed compact and stiff
fouling layers. The polyvinyl acetates formed softer and more porous,
extended layers. We assume that the stabilizing agent has a major
impact on the fouling layer’s nature.

CPP 60.2 Fri 12:30 HUL/S386
Cluster growth dynamics of nickel particles in viscoelastic
matrices — eKoONSTANTIN GERSTENBERGER und GUNTER K. Avu-
ERNHAMMER — Leibniz Institute of Polymer Research Dresden, Hohe
Str. 6, 01069 Dresden, Germany

Magnetic elastomers can dynamically modify their mechanical proper-
ties in response to a magnetic field giving them the potential for new
applications as soft actuators. A common method of producing these
materials involves embedding magnetic particles in an elastomer ma-
trix. In the presence of an applied magnetic field, the particles tend
to arrange themselves into chain-like clusters which react to external
stimuli, even if the matrix is crosslinked.

yet fully understood. In this study, grazing-incidence X-ray scattering
is employed to monitor the formation and breaking of positional order
in situ in thin films of two conjugated polymers representative of two
classes: polythiophenes and polydiketopyrrolopyrroles. Our findings
demonstrate that the surface induces positional order in films of both
conjugated polymers via the formation of a highly oriented, sanidic dis-
ordered LC phase. The ordering process continues upon cooling and
undergoes multiple LC transitions into more ordered phases, both at
the surface and in the bulk, which can compete with each other. The
positional smectic-like order parameter displays continuous tempera-
ture dependence in the vicinity of the transition, signifying a contin-
uous breaking of translational symmetry by the surface. Theoretical
analysis enables accurate description of the order parameter when crit-
ical behavior is considered.

Dynamics, Friction and Rheology I
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As part of the research unit FOR 5599 on structured magnetic elas-
tomers we investigate the formation process of these materials, paying
particular attention to the interaction between particle cluster forma-
tion and simultaneous cross-linking of the surrounding matrix. We use
particle tracking velocimetry techniques to observe the cluster develop-
ment over time and investigate how this process depends on various
parameters. Therefore, it can be concluded that the development of
chains is influenced by not only the particle concentration and matrix
viscosity, but also the rotation of the applied magnetic field. This ro-
tation can be used to adjust the mean length of the chains to a specific
value.

Further investigation of larger sample sizes will be possible due to a
new kind of Hallbach array that is currently under construction. This
presentation will also cover the general idea of this machine.

CPP 60.3 Fri 12:45 HUL/S386
Maps of High Viscoelastic Properties Generated with an In-
strument Combining a Quartz Crystal Microbalance (QCM)
with an AFM — eCEDRIC JUNEMANN, DIETHELM JOHANNSMANN,
and ARNE LaNGHOFF — Clausthal University of Technology, Instutite
of Physical Chemistry, Arnold-Sommerfeld-Strafie 4, 38678 Clausthal-
Zellerfeld

We present an instrument, which images the high-frequency viscoelas-
tic properties of various samples. The instrument combines an atomic
force microscope (AFM) with a quartz crystal microbalance with dis-
sipation monitoring (QCM-D). Imaging becomes possible by a fast
measurement of a resonator’s frequency and bandwidth, achieved with
a multi-frequency lockin amplifier (MLA). The MLA tracks multiple
overtones simultaneously. To improve contrast and to facilitate quanti-
tative interpretation, the colloidal force probe configuration was used.
The cantilever was modified by gluing a glass sphere with a diameter
of 50 um to the tip, thereby increasing the contact radius to a few hun-
dred nanometers. The sphere is heavy enough to clamped in place by
inertia, which simplifies the analysis. A quantitative interpretation can
rely on ratios between the different QCM signals, which eliminates the
unknown contact area from the analysis. Printed drops and a biofilm
composed of yeast were chosen for demonstration. This approach pro-
vides for a flexible method to investigate viscoelastic properties on the
nanoscale at high frequencies.
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Invited Talk CPP 61.1 Fri 13:15 HSZ/0002
Biomolecular Condensates: Challenges for Polymer Physics
— oJENS-UWE SOMMER — Leibniz-Insitut fiir Polymerforschung Dres-
den, Bereich Theorie der Polymere,Hohe Strafte 6, 01069 Dresden, Ger-
many — TU Dresden, Insitut fiir Theoretische Physik, Zellescher Weg
17, D-01069 Dresden, Germany

Biomolecular condensates (BMCs) constitute an emerging paradigm
in the understanding of biological functions. They shift the focus
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from individual biochemical processes toward the collective behavior of
biopolymers, in which phase-separation mechanisms and intrinsically
disordered proteins lacking canonical enzymatic roles play central and
often decisive functions. Consequently, universal principles of complex
(bio)polymer solutions gain relevance, and several classical questions
in the physics of living matter can now be revisited from this polymer-
physics perspective. In this talk, I will discuss theoretical approaches
and concepts that are based on universal principles, with a particular
emphasis on current challenges in the field.



