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Invited Talk CPP 19.1 Tue 9:30 MER 02
Multiscale Model of Flow-Induced Crystallization in Poly-
mers — David Nicholson, Marat Andreev, Chenmay Gangal,
and ∙Gregory Rutledge — Massachusetts Institute of Technology,
Cambridge, MA USA
The structure and properties of a semicrystalline polymer depends sen-
sitively on both its chemico-physical nature and the way it is processed.
Flow-induced crystallization (FIC) is one such coupled phenomenon.
Models of FIC in polymers must account for the effect of flow on crys-
tallization kinetics, but also the effect of evolving crystallinity on the
rheology of the flowing polymer melt. For the first part, atomistic
nonequilibrium molecular dynamics (NEMD) simulations are used to
characterize the nucleation of a new crystal phase from the polymer
melt under homogeneous flow conditions. The kinetics of nucleation
are characterized using a mean first-passage time analysis, and a model
based on the orientational ordering of Kuhn segments is proposed. For
the second part, a variation of the discrete slip-link model (DSM) is
used for the rheology of entangled polymer melts that accounts for
partial crystallinity through the introduction of crosslinked *bridge*
and/or *dangling* segments between developing crystallites, combined
with a suspension model to reflect the stiffening associated with a grow-
ing crystal phase. This dual-network/suspension model describes well
the evolution of both viscoelasticity and crystallinity for a number of
linear low-density polyethylenes, and affords a deeper understanding
of the essential physics that underlie the coupling between fluid me-
chanics and phase change.

CPP 19.2 Tue 10:00 MER 02
Polyethylene crystallization induced by a solution-prefolded
nucleus — ∙Timur Shakirov and Wolfgang Paul — University
of Halle, Halle, Germany
We present results of molecular dynamics simulations of an under-
cooled polyethylene melt. We simulate a system of 2000 chains of
150 monomers each with the PYS force-field [1]. To initiate crystal-
lization we insert in the melt a small two-chain nucleus (which we
pre-fold in the vacuum) and cool down the system to 280 K. The crys-
talline lamella forms around the inserted nucleus during the cooling
process and grows further at constant temperature. We characterize
the growing crystallite by its average diameter (typical linear size in
the cross-section perpendicular to the crystal director) and the height
of the lamella (the averaged size along the crystal director). Both,
diameter and height of lamella, grow during the entire simulation (~
900 ns at the final temperature). A saturation of the growth is ob-
served only as the crystallite reaches the surrounding spontaneously
formed crystallites. Our analysis of the chain kinetics in the inner vol-
ume of the crystallite shows remaining chain mobility along the chain
director. The distribution of short-time displacements of the inner-
crystalline monomers has signatures of discrete jumps of a single bond
length along the director of the crystal.

[1] W. Paul, D. Y. Yoon, and G. D. Smith, J. Chem. Phys. 103
(1995) 1702-1709.

CPP 19.3 Tue 10:15 MER 02
How to grow semicrystalline lamellae in MD simulations
— William Fall1,2, Jörg Baschnagel1, Olivier Lhost3, and
∙Hendrik Meyer1 — 1Institut Charles Sadron, CNRS UPR22 and
Université de Strasbourg, France — 2LPS Université Paris-Saclay, Or-
say, France — 3TotalEnergies One Tech Belgium, Zone Industrielle C,
7181 Feluy, Belgium
To investigate the influence of short chain branches in the crystalliza-
tion of high molecular weight polyethylene (PE) we adapted a united
monomer model for molecular dynamics simulations. We showed re-
cently that a small fraction of branches allows to control the lamellar
thickness in the semicrystalline structures [Macromol 55 (2022) 8434].
This work is extended to bidisperse mixtures of highly entangled C4000

and C400 with different branch distributions mimicking industrial PE
morphologies. A self-seeding protocol is presented which allows to
simulate the growth of well aligned lamella, and analyse morphologi-
cal features. We thank TotalEnergies for funding and GENCI/IDRIS
(Orsay) and CAIUS/HPC centre (Strasbourg).

CPP 19.4 Tue 10:30 MER 02

Crystallization precursors in polymer melt analyzed by ma-
chine learning — ∙Atmika Bhardwaj1,2, Marco Werner1, and
Jens-Uwe Sommer1,2 — 1Leibniz-Institut für Polymerforschung
Dresden e. V., Hohe Str. 6, D-01069 Dresden, Germany — 2Institute
for Theoretical Physics, Technische Universität Dresden, Zellescher
Weg 17, D-01069 Dresden, Germany
Crystallization in polymers is a long-standing problem in both exper-
imental and theoretical polymer science. The transition dynamics oc-
curring in an under-cooled polymer melt is a local environmental phe-
nomenon rather than a property of individual particles (or monomers)
and depends on subtle conformation patterns such as entanglements
between the chains. We develop machine learning (ML) methods to
study this non-equilibrium thermodynamic process. Upon recognizing
the relevant parameter set to explore different phases during polymer
crystallization, we investigate the spatial and temporal patterns of the
precursor states that determine the nucleation sites. The objective is
to recognize the precursors that stimulate crystal growth before the
occurrence of such development.

CPP 19.5 Tue 10:45 MER 02
How entanglements determine the morphology of semicrys-
talline polymers — Zefan Wang, Mareen Schaller, Albrecht
Petzold, Kay Saalwächter, and ∙Thomas Thurn-Albrecht
— Institut für Physik, Martin-Luther-Universität Halle-Wittenberg,
06099 Halle
Crystallization of polymers from entangled melts generally leads to the
formation of semicrystalline materials with a nanoscopic lamellar mor-
phology. Controlling this structure is key to the rational design of ther-
moplastic materials, but there is no consensus yet on the factors that
control the thickness of the amorphous layers and therefore together
with the crystal thickness the crystallinity. We here elucidate the ef-
fect of entanglements on the morphology in a series of model blends
of high-molecular-weight polymers with unentangled oligomers lead-
ing to a reduced entanglement density in the melt as characterized by
rheological measurements. Small-angle X-ray scattering experiments
after isothermal crystallization reveal a reduced thickness of the amor-
phous layers, while the crystal thickness remains largely unaffected.
A simple yet quantitative model without adjustable parameter is sug-
gested, according to which the measured thickness of the amorphous
layers adjusts itself in such a way that the entanglement concentration
reaches a specific maximum value.

CPP 19.6 Tue 11:00 MER 02
Modelling Study of Reinforcement and Crack Formation in
Strain-Crystallizing Elastomer Networks — ∙Lena Tarrach1,
Reinhard Hentschke1, and Jan Weilert2 — 1Bergische Univer-
sität Wuppertal, Wuppertal, Germany — 2Covestro Deutschland AG,
Leverkusen, Germany
A coarse-grained model has been developed to simulate reinforcement
and crack formation in strain-crystallizing elastomer networks. This
work is based on the model for strain-induced crystallization (SIC)
proposed by Plagge and Hentschke [1], which here is extended for the
investigation of rupture.

Generally, strain-crystallizing elastomer networks possess a higher
tensile strength than non-crystallizing networks. Therefore, the force
on the links, i.e. the polymer chains in the model network, is analyzed
to define a critical force for their rupture. It is examined how structural
parameters and parameters for the free energy of semi-crystalline links
affect the tensile strength of strain-crystallizing networks compared to
non-crystallizing networks. The variation of these parameters does not
improve the tensile strength in both the 2D- and the 3D-case.

Thus, a critical crystallinity, which makes certain links unbreakable,
is introduced to model the alignment of the polymer backbones along
the stretching direction. The tensile strength of 2D- and 3D-networks
is enhanced.

[1] Plagge, J. & Hentschke, R. Microphase Separation in
Strain-Crystallizing Rubber. Macromolecules 54, 5629-5635.
https://doi.org/10.1021/acs.macromol.1c00757 (2021).

15 min. break

CPP 19.7 Tue 11:30 MER 02
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New experimental setup to analyze structure forma-
tion in thermoplastic polymer melts — ∙Anna Katharina
Sambale1, Eric Euchler1, Regine Boldt1, Kai Uhlig1, Laura
Neumann1, Konrad Schneider1, Matthias Schwartzkopf2,
Stephan Roth2,3, and Markus Stommel1,4 — 1Leibniz-Institut
fuer Polymerforschung, Dresden, Germany — 2Deutsches Elektronen
Synchrotron DESY, Hamburg, Germany — 3KTH Royal Institute
of Technology, Stockholm, Sweden — 4Technical University Dresden,
Dresden, Germany
The microstructure of semi-crystalline thermoplastics is significantly
influenced by the processing procedure and its parameters. Inhomo-
geneous shear and extensional flow fields occurring during processing
can cause constraints to the chain conformations, which in turn lead
to altered crystallization behavior. Although the influence of crystal-
lization kinetics on the properties of the most commonly used poly-
mers is considered to be sufficiently known, (local) conditions and pa-
rameters in commercially used melt processing technologies are not
fully understood. We recently started to develop a new experimen-
tal setup to study structure formation in polymers induced by melt
processing. The first results on the crystallization processes in quies-
cent polymer melts under isothermal conditions investigated by X-ray
scattering measurements will be presented. In particular, time- and
temperature-dependent crystallization of polylactic acid (PLA) and
isotactic polypropylene (iPP) with different crystallization rates were
examined and proved the concept of the experimental setup.

CPP 19.8 Tue 11:45 MER 02
The missing billions in hard sphere nucleation — Sahana
Kale, Nidhi Joshi, and ∙Hans Joachim Schöpe — Universität
Tübingen, Institut für angewandte Physik, Auf der Morgenstelle 10,
72076 Tübingen
Crystal nucleation in colloidal hard spheres is a longstanding research
topic in colloidal science. Light scattering experiments as well as sim-
ulations have been carried out to determine key parameters charac-
terizing the nucleation process and to get a microscopic picture of the
fluid to crystal transformation. In these studies, results both differ
and agree with each other. It is still unclear whether the large dis-
agreement in the nucleation rate densities between the experiments
and simulations are of physical nature or result from different data
analyses. Using laser-scanning confocal microscopy and polarization
microscopy we study crystal nucleation in colloidal hard spheres. The
used systems have been characterized with extreme care to allow for
meaningful comparison with other experiments and simulations. We
present high quality data of the nucleation rate density and key param-
eters describing crystal nucleation. Analyzing the nucleation process
we conclude that classical nucleation theory fails.

CPP 19.9 Tue 12:00 MER 02
Non-metallic quasicrystals minimize sphere packing energy
— ∙Martin Dulle1, Vladislava Fokina1, Thomas Gruhn2, and
Stephan Förster1 — 1Forschungszentrum Jülich, Jülich, Germany
— 2Universität Bayreuth, Bayreuth, Germany
Quasicrystals are a peculiar state of order, which is fundamentally
different from classical ordered crystalline states. Discovered in 1982
for metal alloys, they have in recent years also been reported for an
increasing number of non-metallic materials.

Using MD-simulations we calculate the phase diagram of soft repul-
sive core/shell particles and find stability regions for seven different
octagonal, decagonal, dodecagonal and icosahedral quasicrystals. We
compare the structure and stability region of the dodecaganol phase
with experiments on different polymer and nanoparticle systems and
find quantitative agreement. We identify a new high density dodecago-
nal phase in a large number of reported non-metallic quasicrystalline
systems including polymers, mesoporous silica, surfactants, BaTiO3,
TaTe and MnCrNiSi. All remaining reported non-metallic quasicrys-
tals can be related to the other simulated quasicrystal types.

We geometrically derive all respective tilings and show how in-plane
quasicrystalline order is combined with axial periodic order via the
realization of certain gyro-elongated bipyramids. This geometrical ar-
rangement minimizes sphere packing energy for certain length scale
ratios and particle densities, irrespective of the absolute length scale,
the type of interactions and chemical constituents.

CPP 19.10 Tue 12:15 MER 02
Controlling internal structure of colloidal supraparticles

- crystalline to amorphous — ∙Yashraj Wani1, Melis
Yetkin2, Michael Kappl2, Hans-Jürgen Butt2, and Arash
Nikoubashman1 — 1Institute of Physics, JGU Mainz, Germany —
2Max Planck Institute for Polymer Research, Mainz, Germany
Colloidal supraparticles made from smaller nanoparticles (NPs) are
versatile materials whose properties can be tailored through the chem-
istry and ordering of their constituent NPs. Such supraparticles can be
scalably fabricated using solvent-drying processes that assemble NPs
inside liquid droplets. In charge stabilized dispersions, the interactions
can be controlled by the salt concentration, which we systematically
probed in experiments and simulations. In experiments at low salt
concentrations, the dried supraparticles exhibited high crystalline or-
der, whereas amorphous structures were found at high salinity. To
understand this evaporation-induced structure formation, we first de-
termined the interaction potentials between NPs via colloidal probe
atomic force microscopy and dynamic light scattering experiments.
Using these pair potentials, we carried out particle-based simulations
to study the aggregation behavior in detail: At low salt concentra-
tions, the effective NP-NP interactions remained purely repulsive until
the end of drying, resulting in highly crystalline supraparticles. At
higher salt concentrations, however, the electrostatic repulsion became
screened, leading to the formation of small NP aggregates at early
stages of drying, which then eventually merged into an amorphous
supraparticles.

CPP 19.11 Tue 12:30 MER 02
Unravelling the synthesis of halide perovskite nanoplatelets
by SAXS — ∙Kilian Frank1, Carola Lampe2, Alexander S.
Urban2, and Bert Nickel1 — 1Soft Condensed Matter Group and
CeNS, Faculty of Physics, LMU Munich — 2Nanospectroscopy Group
and CeNS, Nano-Institute, Faculty of Physics, LMU Munich
Halide perovskite nanoplatelets (NPLs) are a promising material for
optoelectronic applications, such as LEDs and single photon emitters.
While highly scalable and reliable ligand-assisted synthesis routes ex-
ist, a detailed structural understanding of the underlying pathways is
lacking. We elucidate the processes of nucleation, growth, and super-
structure assembly of CsPbBr3 NPLs using in situ small-angle X-ray
scattering (SAXS), total scattering (TS) and photoluminescence (PL)
spectroscopy during the synthesis. Thereby we enable even better con-
trol of the platelet thickness on the monolayer level, and therefore of
the emission wavelength, due to quantum confinement. For this pur-
pose we built and used a specialized reaction cell for in situ synthesis at
the beamlines P07 and P62 (PETRAIII, DESY, Hamburg). By SAXS
analysis we follow the assembly of the constituents into a regular su-
perstructure. In addition, we investigated the effect of post-synthetic
treatment of the NPLs using the same setup to further enhance their
optoelectronic properties. With our results we contribute to the de-
velopment of assembly-based synthesis routes for size-tunable nano-
materials. Such materials are of particular interest to the perovskite
community as building blocks for hierarchical structures.

CPP 19.12 Tue 12:45 MER 02
From protein adsorption to crystallization: a simultaneous
real-time QCM-D and microscopy study — ∙Hadra Banks,
Furio Surfaro, Simon Storz, Anna Maischberger, Cara Buch-
holz, Kai-Florian Pastryk, Alexander Gerlach, and Frank
Schreiber — University of Tübingen, Germany
Protein crystallization is widely investigated by employing a homoge-
neous nucleation approach; however, it is predicted that heterogeneous
nucleation is energetically more favorable [1]. Nevertheless, only few
experimental studies on the nucleation of protein crystals at surfaces
are available, since this is a complex phenomenon and requires surface-
sensitive techniques. Here, quartz crystal microbalance with dissipa-
tion monitoring (QCM-D), a real-time surface-sensitive technique, was
employed simultaneously with optical microscopy to investigate protein
adsorption and crystallization at a negatively charged surface. Human
serum albumin (HSA) and 𝛽-lactoglobulin (BLG), in the presence of
a trivalent salt, were used as model systems for the study of hetero-
geneous nucleation [2]. We found that their surface behavior during
crystallization exhibit complex phenomena such as wetting transition,
enhanced adsorption, and layer rearrangements. The results highlight
the importance of the interaction between proteins and surfaces and
how this can influence protein phase behavior.

[1] J. R. Espinosa et al., Soft Matter 15 (47), 9625-9631, 2019
[2] O. Matsarskaia et al., ChemPhysChem 21 (16), 1742-1767, 2020
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