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PREFACE

Welcome to the 11" Conference on Broadband Dielectric Spectroscopy and its Applications
(BDS2022), organized under the International Dielectric Society's (IDS) patronage.

We are proud to organize this edition, the first in-person meeting of the dielectric community
after four years. We have had a hard time with the pandemic and mobility restrictions to travel
and meet. Still, finally, we are here not only to share knowledge, experiences, and science but
also because we are inspired when we are together.

Broadband dielectric spectroscopy (BDS) is a well-established and powerful experimental
technique permitting the investigation of the molecular dynamics of polar (and nonpolar)
materials over a wide frequency range covering up to 16 decades at different temperatures and
pressures. BDS finds a considerable number of applications in various fields of science and
technology.

The BDS2022 meeting in Donostia-San Sebastian will provide a platform for exchanging
knowledge related to dielectric spectroscopy: from historical backgrounds to the most recent
advances in the experiment and simulations. The meeting in San Sebastian is also open to
researchers outside the dielectric community whose research could start new synergies at both
experimental and theoretical levels.

As traditionally, the first day of our meeting starts with a tutorial session that introduces a
selection of fields to young researchers.

We hope your stay at San Sebastian will be tremendously productive and that you will enjoy the
program of the BDS2022 conference.
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Silvina Cerveny Ranko Richert

Chair of BDS2022 President of IDS
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Tutorial session

Sunday, September 4, 2022

SUNDAY - 4™ September 2022

TUTORIAL SESSION
Chair: Daniele Cangialosi

15:30 - 16:30

Simone Napolitano

Université libre de
Bruxelles

Mobility gradients, immobilization phenomena, perturbations in
local order and way more: analysis of relaxation spectra based on
the dielectric strength
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Birte Riechers

Predicting nonlinear physical aging of glasses from equilibrium relaxation
via the material time

15:15 - 15:45

Josep Lluis Tamarit

Double primary relaxation in anisotropic orientional glass-formers with
translational order

15:45 -16:00

Farnaz Emamverdi

Molecular mobility and gas transport properties of high-performance
mixed matrix membranes based on PIM-1 and porous covalent organic
frameworks

16:00 — 16: 15

Steven Kooi

Segmental Relaxation Dynamics by BDS: Insights into High-Strain-Rate
Micro-particle Impact Response of Elastomers

16:15-16:30

Tom Fielitz

Variability in Polymer Fragility Measurements

16:30 — 17:00

Coffee Break

SOFT MATTER (1)

Chair: Michael Wiibbenhorst

17:00 - 17:30

Roberto Macovez

Plasticizing effects and conformational dynamics in binary mixtures and
polymer dispersions of pharmaceuticals

17:30 — 17:45

Josu Martinez-
Perdiguero

Dielectric and polar properties of the ferroelectric nematic phase

17:45 - 18:00

Paulina Szymoniak

Molecular dynamics of nanophase-separated superglassy polymers by
neutron scattering, dielectric spectroscopy, and fast scanning calorimetry

18:00 — 18:30

Aurora Nogales

Dielectric spectroscopy in Polyvinylidene Difluoride based ferroelectric
systems




TUESDAY - 6™ September 2022

POLYMER DYNAMICS (1)
Chair: Tiberio Ezquerra
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George Floudas

How macromolecules and ions penetrate narrow pores
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Caroline Genix
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spectroscopy and small-angle scattering

9:30 —10:00

Apostolos Kyritsis
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Alejandro Miccio
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scale study
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networks
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WEDNESDAY - 7" September 2022

GLASSY DYNAMICS (2)
Chair: Thomas Blochowicz

8:30-9:00 Marian Paluch Role of dipole moment in the dielectric response of glass forming liquids
9:00 —9:30 Tina Hecksher Time scales and spectral shapes of supercooled molecular liquids
9:30 — 9:45 Florian Pabst Understanding the relaxation spectra of ionic liquids — Comparison of

dielectric spectroscopy and light scattering

9:45 -10:00

Federico Caporaletti

Experimental evidence of mosaic structure in strongly supercooled
molecular liquids

10:00 - 10:15

Jan P. Gabriel

The Dielectric and Rheological Responses of Strongly Asymmetric
Mixtures of Glycerol/Propanol

10:15 - 10:45 Ryusuke Nozaki Dielectric o relaxation process in the glass transition temperature region.
10:45-11:15 Kristine Niss From isochrones to isomorphs.
11:15-11:45 | Coffee Break

SOFT MATTER (2)

Chair: Aurora Nogales

11:45-12:15

Friedrich Kremer

Steps towards an atomistic understanding of dielectric relaxation
processes

12:15-12:30

Zaneta Wojnarowska

Liquid-liquid phase transition in a family of ionic liquids. Dielectric
studies at ambient and elevated pressure

12:30 — 12:45

M.A. Kolmangadi

Side chain length dependent dynamics and conductivity in self
assembled ion channels

12:45-13:00

Emeline Dudognon

Probing dynamics of an amorphous drug
by Dielectric Relaxation spectroscopy and MD Simulations: effect of
low concentration strongly hydrogen-bonded water

13:00 - 13:30

Andreas Schonhals

Multiple glassy dynamics of a homologous series of triphenylene-based
columnar liquid crystals — A study by broadband dielectric spectroscopy
and advanced calorimetry

13:30 — 15:00
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CHARGE TRANSPORT

Chair: Alexei Sokolov

15:00 — 15:30

Maria Madalena

Conductivity mechanisms in 2-picolinium ionic liquid salts with

Dionisio different alkyl chain length
15:30 — 15:45 Achilleas Pipertzis | Ion Transport in Polymerized Ionic Liquids
15:45 — 16:00 Radu Andrei Polymerized ionic liquids: Correl.at1on of ionic conductivity with
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16:00 — 16: 30 Shinian Cheng High-pressure dielectric studies as a key for understanding the dynamics

of ionic glass-formers
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POSTER SESSION WITH PINTXOS AND BEER
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THURSDAY - 8" September 2022

YOUNG RESEARCHER SESSION
Chair: Simone Napolitano

8:30 — 8:42 Alaa Hassan Towards dynamics measurements of individualized macromolecules
8:42 _ 8:54 Vijayakumar Dynamic behaviour of heavy water inside and outside of poly(N-
’ ) Balachandar isopropylacrylamide) microgel using broadband dielectric spectroscopy

8:54 _ 9:06 Yael Beilinson The nature of the low temperature crossover of water in hard
confinement
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9:42 — 9:54 Wing Kit Or Towards experimental detection of crystallization in individualized

polymer chains

9:54 —-10:06

Matteo Sanviti

Dielectric relaxation processes in semicrystalline polymeric thin films

Broadband dielectric spectroscopy on lithium-salt-based and choline-

10:06 - 10:18 e chloride-based deep eutectic solvents
Spvridakou Effects of Nanometer Confinement on the Self-assembly and Dynamics
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Marianna .
Poly(isobutylene)
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Cocrystal Architecture
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. A New Approach to an Old Idea. Understanding the Frohlich B(T)
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15:15 — 15:30 M. Jasiurkowska- | Studies of molecular dynamics in electrospun polymer/pharmaceutical
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POLYMER DYNAMICS (2)
Chair: Friedrich Kremer

15:30-16:00

Simone Cappacioli

TBD

16:00 — 16:30

Laurent Delbreilh

How can dielectric spectroscopy be used to investigate molecular
mobility in amorphous and semi-crystalline biobased polyesters? From
defective to improved applicative biopolymers...

16:30 — 16:45

Aurélien Roggero

Analyzing the oa-relaxation of epoxy in immersion: crossover from
VFT to Arrhenius dependence of the relaxation times

16:45-17:15

Tiberio Ezquerra

Is the sub-glass temperature relaxation of furan-based polymers related
to their high gas barrier properties?

17:15-17:45

20:30

Coffee Break

CONFERENCE DINNER - DEBYE PRIZE Awarding Ceremony




FRIDAY - 9" September 2022

POLYMER DYNAMICS (3)

9:30 -10:00

Michelina Soccio

Dielectric spectroscopy as an effective tool to unveil the origin of the
outstanding functional properties in biopolymers

10:00 — 10:30 Michael VFT-type cooperative dynamics in “simple” supercooled liquids,
) ) Wiibbenhorst liquid crystals and plastic crystals
10:30 — 11:00 Koji Fukao A h1dde.n. relaxation process gnder DC conductivity in poly(2-
vinylpyridine) and nano-composites
11:00 -11:30 | Coffee Break
GLASSY DYNAMICS (3)

Chair: Ranko Richert

11:30 — 12:00

Ernst Rossler

NMR relaxometry: catching up with dielectric spectroscopy accessing
the relaxation spectra in glass forming liquids

Dielectric spectroscopy reveals the structural relaxation of tributyl

12:00 — 12:15 Kevin Moch
phosphate

12:15 — 12:30 Till Béhmer The ma}terlal time of physical aging: dynamic light-scattering vs.
dielectric spectroscopy

12:30 — 13:00 Thomas Blochowicz The Generic Line shape of Glassy Dynamics: Experimental Conditions

for its Visibility

13:00 — 15:30

Lunch and Farewell
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Segmental dynamics in polymer blends: from BDS results to
DSC data and the other way around

Angel Alegrial’2

! Centro de Fisica de Materiales (CSIC-UPV/EHU) and Materials Physics Center (MPC), Paseo
Manuel de Lardizabal 5, 20018 San Sebastian, Spain

2 Departamento de Polimeros y Materiales Avanzados: Fisica, Quimica y Tecnologia,
UPV/EHU, Apdo. 1072, 20080 San Sebastidn, Spain

The segmental dynamics in polymer mixtures is in general heterogeneous and it is nowadays well
established that this heterogeneity arise from the combination of two major effects: the thermally
driven concentration fluctuations (TCF) and the self-concentration (SC) originated mainly in
chain connectivity.

During last years, we have been using these ideas to establish a minimal model able to describe
the dielectric relaxation results in polymer blends starting from the corresponding information of
the neat components of the mixture. This modelling has also allowed us to connect the dielectric
relaxation results in the mixtures with the mechanical behavior just above T,, accessing in this
way to frequencies much higher than those that can be reached experimentally in the mechanical
characterization (1). In addition, the values of the model parameters can be connected with the
TCF as determined by small angle neutron scattering by considering that the relevant length for
the segmental dynamics is a few nanometers (2). More recently, we have applied a similar
approach for the quantitative connection between the dielectric a-relaxation of the polymer blends
and the calorimetric traces at the glass transition range (3).

In this talk I will summarized all these previous results and illustrate how based in this approach
the dielectric relaxation behavior of polymer blends could be anticipated starting from the DSC
traces of the blends, with the dielectric relaxation and DSC data of the neat components as single
additional input.

1. Modeling the high frequency mechanical relaxation of simplified industrial polymer mixtures using
dielectric relaxation results. Gambino, T.; Alegria, A. ; Arbe, A. ; Colmenero, J. ; Malicki, N. ; Dronet, S..
Polymer 187 (2020) 122051.

2. Concentration fluctuations ad nano-segregation in a simplified industrial blend with large dynamic
asymmetry. Gambino, T.; Shafqat, N.; Alegria, A.; Malicki, N.; Dronet, S.; Radulescu, A.; Nemkovski, K.;
Arbe, A.; Colmenero, J.. Macromolecules 53 (2020) 7150-7160.

3. Reproducing the calorimetric glass transition trace of simplified industrial polymer mixtures from the
modeling of dielectric relaxation and the input of small angle neutron scattering. Shafqat, N.; Alegria, A.;
Arbe, A.; Malicki, N.; Dronet, S.; Porcar L.; Colmenero, J. Macromolecules (submitted).
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Unusual Dielectric Saturation Behavior in Liquid Glycerol

Ranko Richert!, Erik Thoms', Dmitry V. Matyushov'~

! School of Molecular Sciences, Arizona State University, Tempe, AZ 85287, USA

? Department of Physics, Arizona State University, Tempe, AZ 85287, USA

Many new nonlinear dielectric results have been published in recent years, but much of their
focus is on the supercooled regime of molecular glass-formers, because that is where the strongest
and most interesting nonlinear effects are expected [1]. Moreover, it is assumed that the
dependence of the static dielectric constant on the electric field is governed by the inevitable effect
of saturation, usually quantified by the Piekara factor a. As a result, there is little expectation that
saturation data provide new insight into a liquid.

Here, we present results on the nonlinear dielectric behavior of the static dielectric constant,
for which the available data is scarce and even contradictory [2]. The measurements are based on
a recently developed technique for high ac field dielectric measurements in the static limit [3],
and the interpretation employs the proper relation between Piekara factor ¢ and nonlinear suscep-
tibility y3 [4]. The field dependence of the static permittivity, &, was determined over a wide
temperature range, from 230 to 320 K. We observe that
the temperature dependence of the Piekara factor a =
0&/OE* changes drastically around the melting point at
290 K, from 8a/0T = +1.4 to —130 in units of 10™* V> m™
K' [5]. No analogous feature can be found in the
corresponding low field data. These unexpectedly high
values of |q| indicate more pronounced dielectric
nonlinearity with increasing temperature as well as a
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[1] R. Richert, "Nonlinear dielectric effects in liquids: a guided tour," J. Phys.: Condens. Matter
29, 363001 (2017).

[2] Y. Marcus and G. Hefter, "On the pressure and electric field dependencies of the relative
permittivity of liquids," J. Solution Chem. 28, 575-592 (1999).

[3] E. Thoms and R. Richert, "New experimental approach to nonlinear dielectric effects in the
static limit," J. Mol. Liq. 340, 117107 (2021).

[4] R. Richert and D. V. Matyushov, "Quantifying dielectric permittivities in the nonlinear
regime," J. Phys.: Condens. Matter 33, 385101 (2021).

[5] E. Thoms, D. V. Matyushov, and R. Richert, "Communication: Strong increase of correlations
in liquid glycerol observed by nonlinear dielectric techniques," J. Chem. Phys. (in press).




September 5", 2022

Stereoregulation, molecular weight, and dispersity
control of various poly-acrylates via free-radical
polymerization supported by the external high electric
field

Katarzyna Chat,"> Paulina Maksym,z’3 Wenkang Tu,* Kamil Kaminski,'” Karolina
Adrjanowicz!~

!Institute of Physics, University of Silesia, 75 Pulku Piechoty 1a, 41-500 Chorzow, Poland
kadrjano@us.edu.pl

?Silesian Center for Education and Interdisciplinary Research (SMCEBI), 75 Pulku Piechoty
la, 41-500 Chorzow, Poland
3 College of Mechatronics and Control Engineering, Shenzhen University, Shenzhen 518060,
China
* Institute of Materials Engineering, University of Silesia, 75 Pulku Piechoty 1a, 41-500
Chorzow, Poland

Here, we present a robust synthetic protocol in which the high electric field supports the
thermally-induced free-radical polymerization of various acrylates (MMA, HEMA, IBA). The
reaction conditions are very simple, and the process does not require catalysts or solvents (AIBN
was only used as the initiator). The electric field magnitudes used in this study ranged from 0
kV/cm up to 154 kV/cm. By combining dielectric spectroscopy, nuclear magnetic resonance
spectroscopy, exclusion chromatography, and differential scanning calorimetry, we have
demonstrated the remarkable effect of external electric field (both ac and dc) on polymerization
progress and products characteristics. Changing the field frequency or magnitude makes it
possible to control the molecular weight, dispersity, and stereochemistry of produced polymers.
Isotactic-rich structures seem to be more preferred at high electric fields. This approach provides
a unique opportunity to produce macromolecules of well-designed compositions, topologies, and
micro- and macro-structures. It is much simpler, “green” and does not involve complicated
intermediate steps or synthesis procedures.
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Slow dynamics facilitates equilibration of liquids and glasses

Simone Simon Napolitano, Zijian Song, Cristian Rodriguez-Tinoco, Allen Mathew

Laboratory of Polymer and Soft Matter Dynamics, Experimental Soft Matter and Thermal
Physics (EST), Université libre de Bruxelles (ULB), Brussels 1050, Belgium

The rate at which a nonequilibrium system decreases its free energy is commonly ascribed to
molecular relaxation processes, arising from spontaneous rearrangements at the microscopic
scale. While equilibration of liquids usually requires density fluctuations at timescales quickly
diverging upon cooling —known as the a-, structural (segmental) modes—, growing experimental
evidence indicates the presence of different alternative pathways of weaker temperature
dependence. Such equilibration processes exhibit a temperature-invariant activation energy on the
order of 100 kJ mol”'. Based on a large series of molecular dynamics and equilibration
experiments, we identified the underlying molecular process responsible for this class of
Arrhenius equilibration mechanisms with a slow mode (SAP), universally present in the liquid
dynamics [1]. While in bulk samples the SAP can be masked by conductivity and electrode
polarization, measurements in thin films permitted us to directly access the relaxation spectra of
these slow modes.

Within experimental uncertainties, the SAP can be associated to the spectral response of a
molecular mechanism with a single relaxation time, corresponding to a simple exponential decay
in the time domain. By analyzing polymer chains of different molecular weight (from 43 to 6000
kg mol™") and films of different thickness (7 nm — 100 um), we verified that this process is present
also in bulk melts and that the activation energy and the characteristic molecular time of the SAP
are not affected by either the macromolecular or the sample size. This feature permitted us to
discriminate between possible classes of relaxation mechanisms and discard diffusion-limited,
nucleation-driven processes and polymer specific (Rouse) modes whose characteristic time
would, instead, increase change with film thickness and molecular weight. Furthermore, as the
position of the SAP peaks is invariant with sample size even in those cases where the a—process
shifts upon confinement, we conclude the slow Arrhenius processes is related to a genuine
molecular mechanism, totally decoupled from segmental motion in proximity of the glass
transition.

The SAP, which we show is intimately connected to high temperature flow, can efficiently drive
melts and glasses towards more stable, less energetic states. Our results show that measurements
of liquid dynamics can be used to predict the equilibration rate in the glassy state. Finally, we
emphasize that our discussion does not invoke the macromolecular nature of polymers —SAPs
have been observed, both via dielectric and mechanical spectroscopy, in small molecules— and
we anticipate that the intimate relationship between equilibration and SAP holds independently
on the chemical nature of the nonequilibrium system.

[1] Song et al., Science Advances 8, eabm7154 (2022)
[2] Mandanici ef al., The Journal of Chemical Physics 128, 124505 (2008)
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Probing local solvation dynamics

Martina Havenith'

! Department of Physical Chemistry II, Ruhr University Bochum, 44780 Bochum, Germany

Terahertz (THz) spectroscopy is a most sensitive tool to probe any changes in the intermolecular
interaction between water molecules. Since water is the most important solvent on earth, as it is
involved in all biological reactions as well as in most chemical reactions, such as supramolecular
chemistry and electrocatalysis, the contribution of the solvent to the total free energy of a reaction
is crucial, yet an experimental challenging parameter to probe experimentally as well as
theoretically. While initially, the broad band absorption of water was considered as a source of
trouble experimentally, systematic spectroscopic studies revealed, that the THz frequency range
provides a fingerprint spectrum of any changes in respect to hydrogen bond strength,
tetrahedrality, dynamics, which are all of major importance to rationalize and predict the outcome
of a reaction. Even small changes in hydration of proteins and ions causes significant changes in
the spectrum and could be investigated in detail [1]. While the individual changes might be small,
the large number of solvent moelcules involved makes this contribution into a major driving force
for fundamental reactions. These changes can be quantified by THz spectroscopy and recorded
during protein folding and upon introducing local mutations. More recent studies revealed that
these spectroscopic signatures of hydration can be directly correlated to enthalpic and entropic
changes of the solvent, AH and AS, which determine the reaction path and reaction rates [2]. The
outcome of a reaction is determined by the free enery AG = AH — TAS. A reduction in G is
necessary for a reaction to be spontaneous at constant pressure and temperature. Typically, for
biological reactions, there is a subtle balance between a favourable enthalpy and an unfavourable
entropic term, which almost cancel, thus allowing to fine tune reactions by temperature. THz
spectroscopy now allows to map local water changes and allow to investigate whether these
changes are more a cause or a consequence of fundamental biological reactions, such as enzymatic
catalysis or protein aggregation.

[1] S. Ebbinghaus, S.J. Kim, M. Heyden, X. Yu, U. Heugen, M. Gruebele, D.M. Leitner, M. Havenith,
An extended dynamical solvation shell around proteins, PNAS 104, 20749-20752 (2007)

[2] F. Bohm, G. Schwaab, M. Havenith, Mapping hydration water around alcohol chains by THz
calorimetry, Angew. Chem. Int. Ed. 56, 9981-9985 (2017)
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Dynamics of aqueous peptide solutions in folded and
disordered states

Jorge H. Melillo'? and Silvina Cerveny'?
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The interaction of water with biological materials is one of the most exciting topics in science:
life is impossible without water. Fundamental biological processes take place in aqueous
environments, but generally in confinement: proteins work in cells surrounded by a few layers of
water molecules. Thus, studies of the dynamical properties of water in solutions of biological
matter at supercooled temperatures can help to gain fundamental understanding of the interaction
between water and bio-systems. However, bulk water unavoidably crystallizes in the temperature
range from 150 to 235 K (“no man’s land”)'. This is why many low temperature experiments are
usually performed in hydrated powders>* and not in biologically realistic water solutions.

In this work, we used different solutions of e-poly(lysine) (e-PLL), a peptide consisting of a chain
of 32 lysines. e-PLL in water solution has two different conformations: pure -sheet at pH = 10
and a more disordered conformation at pH = 7*. For solutions at pH = 10, it is possible to reach
water concentrations up to 40% without the presence of ice. For these reasons, we consider that
e-PLL aqueous solutions can be treated as a biological model system. Here, we were able to
determine the dynamics of e-PLL in water solution at pH = 10 and p
=7 by broadband dielectric spectroscopy (BDS)’. We found three main relaxations: the fast-water
relaxation, the relaxation of the solute affected by water (o-relaxation) and a water relaxation
affected by the solute (slow-water relaxation). We were able to determine that the dynamic of the
peptide in folded state is slower than the one in disordered state. This comparison opens a route
for the comprehension and characterization of intrinsically disordered proteins.

1. Debenedetti, P. G. Supercooled and glassy water. J. Phys. Condens. Matter 15, (2003).

2. Kurzweil-Segev, Y. et al. Confined water dynamics in a hydrated photosynthetic pigment-protein
complex. Phys. Chem. Chem. Phys. 19, 28063-28070 (2017).

3. Kurzweil-Segev, Y., Greenbaum, A., Popov, 1., Golodnitsky, D. & Feldman, Y. The role of the

confined water in the dynamic crossover of hydrated lysozyme powders. Phys. Chem. Chem.
Phys. 18, 10992-10999 (2016).

4. Cerveny, S. & Swenson, J. Water dynamics in the hydration shells of biological and non-
biological polymers. J. Chem. Phys. 150, (2019).
5. Melillo, J. H., Gabriel, J. P., Pabst, F., Blochowicz, T. & Cerveny, S. Dynamics of aqueous

peptide solutions in folded and disordered states examined by dynamic light scattering and
dielectric spectroscopy. Phys. Chem. Chem. Phys. 23, 15020-15029 (2021).
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In the present study, we focus on the structural relaxation in liquids which is considered to be
directly dependent on the available free volume around each molecule. Many theoretical concepts
of liquid dynamics and the glass transition approximate this molecular quantity using changes of
the macroscopic density. However, particularly hydrogen bonding liquids defy a proper
description by these approaches (e.g. the failure of density-scaling in such materials). To
investigate densification on the molecular scale, we carried out infrared spectroscopy on a series
of polyalcohols. By analyzing specific molecular vibrations and correlating them with interatomic
bond lengths, the thermal expansion of intramolecular covalent bonds and strong intermolecular
hydrogen bridges is quantified. Pronounced differences between intra- and intermolecular
expansion verify the dominance of the latter. Surprisingly, the overall thermal expansion (i.e. the
cube root of inverse density) is even bigger than that of the strong hydrogen bridges. To exclude
a failure of this method, we confirmed its validity by successfully describing the density of water
based on the extracted hydrogen bridge lengths. This suggests that weak hydrogen bridges
dominate thermal expansion while the strong hydrogen bridges clearly control the glass transition.
These results demonstrate that inhomogeneities on intra- and intermolecular scale can play
distinct roles in densification and orientational relaxation and require a careful consideration in a
comprehensive theoretical description.

Gabriel, Tress, Kossack, Popp, Kremer J Chem Phys 154 (2021) 024503
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The proneness of water to crystallize is a major obstacle to understanding its putative exotic
behavior in the supercooled state. It also represents a strong practical limitation to
cryopreservation of biological systems. Adding some concentration of glycerol, which has a
cryoprotective effect preventing, to some degree, water crystallization, has been proposed as a
possible way out, provided the concentration is small enough for water to retain some of its bulk
character and/or for limiting the damage caused by glycerol on living organisms. Through a time-
resolved polarized neutron scattering investigation, and by considering a nano-segregated water-
glycerol solution, we were able to characterize the key parameters of ice formation at temperatures
near and below the calorimetric glass transition of the solution. Thanks to this analysis and by
combining several spectroscopic techniques (dielectrics (1), neuron spin echo, NMR), we identify
the nature of the out-of-equilibrium liquid phases appearing below the melting temperature in
these solutions for molar fractions between 0.15 and 0.5, including the eutectic point, providing
more arguments against the presence of an iso-compositional liquid-liquid transition (2). Finally,
we propose a rule-of-thumb to estimate the lower temperature limit below which water
crystallization does not occur in a broad range of aqueous solutions(3).

[1] I. Popov, et al “The puzzling first-order phase transition in water—glycerol mixtures”, Physical
Chemistry Chemical Physics, vol. 17, no 27, p. 18063-18071, 2015, doi: 10.1039/C5CP02851E.

[2] K. Murata et H. Tanaka, “Liquid-liquid transition without macroscopic phase separation in a
water—glycerol mixture ““, Nature Materials, vol. 11, no 5, p. 436-443, mai 2012, doi: 10.1038/nmat3271.
[3] C. Alba-Simionesco et al, “Interplay of vitrication and ice formation in a cryoprotectant aqueous
solution at low temperature”, Proceedings of the National Academy of Sciences, Vol. 119, No. 12, 2022.
https://doi.org/10.1073/pnas.2112248119.
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Physical aging deals with small property changes resulting from structural rearrangements. The
understanding of this type of aging is crucial for non-crystalline materials like oxide glasses,
polymers, and metallic glasses: only if material standards can be guaranteed, applications may
benefit from the outstanding properties of these materials. Describing and predicting physical
aging has thus been a focus of materials science for many years, but the subject still presents
fundamental challenges [1].

We here address the concept of a material-time controlled aging, which was proposed by
Narayanaswamy in 1971 [2]. While the material-time concept rationalizes several striking aging
phenomena [2, 3, 4, 5], the existence of a material time has never been validated in direct,
temperature-driven experiments. We do this here by long-time dielectric experiments on two
glass-forming molecular liquids, demonstrating with the fundamental material-time prediction
that linear-response aging data determine the nonlinear aging behavior.

An ideal aging experiment involves a temperature jump that starts from a state of thermal
equilibrium, changes temperature rapidly compared to the response time scale of the material and
monitors the system's gradual approach to equilibrium at the new temperature [6]. Doing this
requires a setup allowing for fast temperature changes and precise temperature control with
minimal long-time drift. This was realized a by Peltier element with direct contact to the thin-
sample plane-plate capacitor allowing for well-controlled temperature jumps from few
Millikelvin up to some Kelvin in amplitude. Moreover, highly accurate measurements are needed
because the long-time tail of physical aging and the entire aging response to a small temperature
step involve minute changes of material properties. These were thus tracked with an Andeen-
Hagerling ultra-precision capacitance bridge allowing for measuring capacitive changes down
into the Attofarad range. We performed temperature-jump experiments around a reference
temperature with experiments spanning a total of 52 weeks on a single sample, including single
temperature jumps, double jumps similar to Kovacs’ cross-over protocol [7], and multi jumps
resembling a sinusoidal temperature modulation.

Remarkably, even complex nonlinear aging responses are predictable in fine detail from the linear
response data collected from single-jump experiments by means of the material-time concept.
And not only experimental linear relaxation data holds this predictive power: we demonstrate on
a set of simulations that equilibrium fluctuations can be used as a basis for the prediction of the
nonlinear aging response, emphasizing the role of linear responses for physical aging beyond the
linear regime.

[1] G. B. McKenna and S. L. Simon, Macromolecules 50, 63333-6361 (2017).

[2] O. S. Narayanaswamy, J. Am. Ceram. Soc. 54, 491 (1971).

[3] G. W. Scherer, Relaxation in Glass and Composites (Wiley, New York, 1986).

[4] A. Q. Tool, J. Am. Ceram. Soc. 29, 240-253 (1946).

[5] G. B. McKenna, Rubber Chem. Technol. 93, 79-120 (2020).

[6] T. Hecksher, N. B. Olsen, K. Niss, and J. Dyre, J. Chem. Phys. 133, 174514 (2010).

[7]1 A. J. Kovacs, J. J. Aklonis, J. M. Hutchinson, A. R. Ramos, J. of Polymer Sci. 17, 1097-1162 (1979).
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Plastic crystal denotes a crystalline arrangement of weakly interacting molecular entities showing
translational long-range (high-symmetry) order with dynamical orientational disorder, with three-
dimensional thermal reorientational fluctuactions.' When cooled down, plastic crystals show both
specific heat and dynamic anomalies characteristic of the glass transitions, in such a way that
below the glass transition temperature, the dynamical orientational disordered becomes arrested
and an orienational glass (OG) is obtained, in a similar way to a structural glass (SG) obtained
when cooling down an orientational and translational disordered system. Despite OGs are systems
with fewer degrees of freedom than estructural glasses SGs, the main dynamical fingerprints (as
main cooperative a-relaxation, secondary Johari-Goldstein relaxation) are virtually the same.
Some recent works concerning systems with low-dimensional, highly anisotropic disorder
involving quasi-planar hexasubstituted benzene derivatives have revealed, contrary to what might
be expected from a decrease in disorder, a greater complexity of the dynamics: the low-
dimensional glass-former actually exhibits a richer landscape, with two distinct whole-molecule
(primary) o- and o’-relaxations.>?

Pentachlorobenzene (PCNB, C¢CIlsNO,), displays a layered structure with rhombohedral
symmetry in which molecules are siting in parallel planes. The molecules can rotate around a
sixfold-axis parallel to the ¢ thombohedral axis. In addition to the in-plane dipole reorientations,
giving rise to the main o-relaxation, a (small) out-of-plane component of the molecular dipole
(due to the tilt of the NO, group with respect to the plane of the benzene ring) could account for
an additional cooperative o’-relaxation. This gives rise to two reorientational dynamical
processes, associated with reorientational motions of the larger dipole (in-plane) component
within the (001) planes of the hexagonal structure and with the small (out-of-plane) dipole
component fluctuations around the ¢ hexagonal axis.

Nevertheless, molecular dynamic (MD) simulations reveal that dynamics of in-plane dipole-
dipole correlations consist of two-single processes that can account for both a.- and o’-relaxations.
In addition, MD simulations evidence that out-of-plane dipole-dipole correlations do not decay
appreciably, i.e., there is a negligible tilting motion of their rotation axis. Guided by these
simulations, the relaxation dynamics of some other quasi-planar hexasubstituted benzene
derivatives as 1,2-dichloro-tetramethyl-benzene and 1,3-dichloro-tetramethyl-benzene, has been
studied. It should be noted that the chosen systems are pure planar molecules with dipole moment
lying exclusively in the plane of the benzene ring and, consequently, any of the two distinct
whole-molecule (primary) o- and o’-relaxations can be rationally attributed to an out-of-plane
dipole-dipole correlation. Experimental broadband dielectric experiments will be presented for
these low-dimensional orientational disordered Systems.

1 R. Brand, P. Lunkenheimer, and A. Loidl, J. Chem. Phys. 116, 10 386 (2002).
2 M. Romanini et al., J. Phys. Chem. C 120, 10614 (2016).
3 J. F. Gebbia et al., Phys. Rev. Lett. 119, 215506 (2017).




September 5™, 2022

Segmental Relaxation Dynamics by BDS: Insights into High-
Strain-Rate Microparticle Impact Response of Elastomers

Steven E. Kooi'

!Institute for Soldier Nanotechnologies
Massachusetts Institute of Technology, Cambridge, MA, USA

Laser-induced projectile impact testing (LIPIT), an optically driven microscale mechanical
testing platform, is used to study' the dynamic deformation response of a series of elastomers
including model poly(urethane urea) elastomers (PUU). LIPIT measurements provide time
resolved imaging of the impact of individual micro-projectiles, with velocities in the 10 to 2000
m/s range, with selected target materials. Visualization of the impact event yields the depth of
penetration and the extent of rebound of the micro-projectiles. The ratio of the rebound velocity
to the initial velocity is termed the coefficient of restitution and is used to estimate the amount of
energy absorbed by the sample during impact. Coefficient of restitution data as a function of the
impact strain rate is used to elucidate high-rate deformation induced glass transitions (Tg).

In conjuction with dynamic mechanical analysis and solid state nuclear magnetic resonance
(NMR) measurements, broadband dielectric loss spectroscopy (BDS) has become an important
technique employed to understand the possible molecular relaxation mechanisms responsible for
strain rate dependent glass transitions. Dynamic Tg data extacted from broadband dielectric
relaxation measurements predict glass transitions at impact strain rates that correspond nicely
with experimentally observed changes in coefficient of restitution in the LIPIT experiments. BDS
is also used to characterize the segmental relaxation dynamics in our model elastomers.
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Figure 1: A) Typical sequence of images recorded in a LIPIT experiment using a high-speed
camera with 3-ns exposure time showing particle impact on modified PUU sample, B) Arrhenius
plot of segmental mobility (1/t) obtained by BDS for modified PUUs (PUU1000, PUU2000) and
PDMS; solid lines are fits to a Vogel Fulcher Tammann (VFT) equation’.

1) D. Veysset, A.J. Hsieh, S.E. Kooi, K.A. Nelson Polymer 123 (2017) 30-38.
2) D. Veysset, A.J. Hsieh, S.E. Kooi, A.A. Maznev, K.A. Masser, K.A. Nelson Sci. Rep. (2016) 6:25577.
3) D. Fragiadakis, J. Runt Macromolecules 46 (2013) 4184—4190.
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Especially now in times of the energy revolution, the demand for energy-efficient separation
processes promotes the advancement of new high-performance materials for use as highly
selective separation membranes. Polymers with intrinsic microporosity (PIMs) are of high interest
in the field of gas separation membranes. Currently the application of PIMs for membrane
technology is still restrained by their strong tendency to physical aging involving a significant
loss of their good gas separation properties. Physical aging phenomenon is related to the
molecular mobility of PIMs which was investigated by broadband dielectric spectroscopy (BDS)
previously [1]. In this work, covalent phosphinine-based framework (Eto-CPSF) was used as a
nanofiller (0-10 wt %) in a PIM-1 matrix to potentially enhance the gas transport properties and
prevent physical aging. Since molecular mobility is a fundamental parameter determining gas
transport as well as physical aging in such a material, our study includes dielectric investigations
by BDS of pure PIM-1 and PIM-1/Eto-CPSF mixed matrix membranes to establish a correlation
between molecular mobility and gas transport properties. In addition, gas permeability was
determined by the time-lag method (0-10 bar pressure) at 35 °C for N, O,, CHs4 and CO; for all
MMMs.

The dielectric behavior of the polymeric films and their response upon heating were measured by
isothermal frequency scans during different heating/cooling cycles in a broad temperature range
up to 250 °C. Multiple dielectric processes following Arrhenius behavior were observed. Local
fluctuations, Maxwell-Wagner-Sillars (MWS) polarization and structural relaxations were
discussed correlating to structural-properties of PIM-1. As main result for MMMs, the
permeability of PIM-1 for CH4 and CO, gases were increased significantly with only 5 wt% of
nanofiller within the polymer matrix. However, this is not observed for Eto-CPSF concentrations
higher than ca. 7 wt% probably due to a microphase separated morphology of the nanocomposite
system. Furthermore, the permselectivity of membranes for pair gases O»/N; and CO2/N, show
enhancement up to a concentration of about 7 wt% Eto-CPSF filler.

[1] N. Konnertz et al., ACS Macro Lett. 5, 528-532 (2016).
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Relaxation rates of glass-forming materials undergo significant changes as they cool, particularly
as the material approaches its glass transition.' This rate of change at the glass transition is defined
as the fragility, a measured parameter that varies significantly between materials and even across
different techniques or research laboratories for the same material. Examples of this variability
include the fragility of polystyrene (110-150),> polycarbonate (100-280),* and polyvinyl acetate
(70-130)* despite excellent fits to the Vogel-Fulcher-Tammann equation for most of these studies!

In a recent work,* we showed that fragility can be derived from a novel derivative approach to
linearize the relaxation data. This has the unique advantages of both normalizing the abscissa for
comparison across materials and for direct extraction of the fragility as a function of the glass
transition temperature. This allowed us to speculate on the role of experimental variables,
measurement techniques, and glass transition on the overall uncertainty of fragility estimates and
how they could perhaps explain differences observed between different laboratories, but without
concrete data to test these speculations.

This talk presents new data on our study of polystyrene using broadband dielectric spectroscopy,
fast scanning calorimetry, and ellipsometry on the same spun-cast films. Using the same film with
the same sample origin, operator, and environmental effects allows us to separate effects of the
sample preparation from the precision of each individual measurement. A combined approach
allowed us to assess intrinsic differences between the techniques, while a study across multiple
films, prepared on different days by different operators, enabled assessment of the repeatability
that may be expected in different laboratories. These data were ultimately used to perform a Gage
R&R assessment,” wherein the application of statistics tests allows for the identification of key
variability sources.

(1) McKenna, G. B.; Simon, S. L. Macromolecules 2017, 50 (17), 6333-6361.

(2) Pinto, S. S.; Moura Ramos, J. J.; Diogo, H. P. European Polymer Journal 2009, 45 (9), 2644-2652.
Gomez, D.; Alegria, A.; Arbe, A.; Colmenero, J. Macromolecules 2001, 34, 503-513.

(3) Plazek, D. J.; Ngai, K. L. Macromolecules 1991, 24 (5), 1222-1224. Lan, T.; Torkelson, J. M.
Macromolecules 2016, 49 (4), 1331-1343.

(4) Richert, R.; Woodward, W. H. H.; Fielitz, T.; Todd, C. Journal of Non-Crystalline Solids 2021, 553.
(5) Pakdil, F. Measurement systems analysis: gage R&R analysis. In Six Sigma for Students, Springer,
2020; pp 141-156.
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I will present the results of dielectric spectroscopy characterization on amorphous active
pharmaceutical ingredients, either mixed with other small-molecule organic compounds or
dispersed in biopolymer matrices. Differential scanning calorimetry is used as complementray
characterization tool to investigate the equilibrium and non-equilibrium phase properties.

In my talk I will focus on three aspects of these binary systems:

- the plasticizing vs antiplasticizing effect of each component, as observed both in the glass
transition temperature and the structural relaxation (o) time of the mixtures;

- the existence of one, or more, Johari-Goldstein (B) relaxations;

- the relaxation time and activation energy of conformational intramolecular secondary (y)
relaxations.

I will show that dielectric spectroscopy is a powerful tool to investigate temperature-dependent
or relaxation-mode-dependent plasticization effects, and present unexpected results concerning
the antiplasticizing effect of some small-molecule additives.

Our spectroscopy data indicate that while binary mixtures of small-molecule compounds exhibit
a single Johari-Goldstein relaxation, homogeneous asymmetric binary dispersions of drugs in
biopolymers may show two such relaxations, despite the existence of only a single structural
relaxation.

Finally, I will demonstrate that comparative studies of dielectric relaxations in binary glassy
mixtures involving molecules with only few torsional degrees of freedom are not only useful as
they allow identifying them as Johari-Goldstein or intramolecular processes, but may also serve
to build a database of temperature-dependent conformational relaxation times of specific
functional groups or molecular rings occurring in similar molecules.
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Liquid crystal materials presenting polar nematic phases have been long-time predicted, but
have only been experimentally realized recently. The discovery of ferroelectric nematic phases
[1-4] represents a major development and a milestone in liquid crystal research with deep
implications in both fundamental and applied science. The large values of the dielectric
constants (>10°) and spontaneous polarizations of ~ 6 uC/cm2 reported ask for detailed and
systematic studies of the dielectric and polar properties of such materials.

In this contribution we present a thorough broadband dielectric spectroscopy study of RM734
in the 10'-10* Hz range which shows pretransitional effects in the normal nematic phase
and complex behavior in the ferroelectric phase. A quantitative analysis of the relaxation
processes has also been carried out.
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Figure: Left: 3D plot of the imaginary part of the electric permittivity of RM734 showing the
nematic and ferroelectric phases in the anaylized frequency and temperature ranges. Right:
Deconvolution of the spectrum at 95°C (ferroelectric phase) in two main Havriliak-Negami
relaxation modes plus spurious conductivity effects.

N.S. and A.M. acknowledge financial support from ARRS (P1-0192) and RIM from UK
Research and Innovation (UKRI).

[1] A. Mertelj, L. Cmok, N. Sebastian, R. J. Mandle, R. R. Parker, A. C. Whitwood, J. W. Goodby
and M. Copié, Phys. Rev. X, 8, 041025 (2018).

[2] N. Sebastian, L. Cmok, R. J. Mandle, M. R. de la Fuente, I. Drevensek Olenik, M. Copi¢ and A.
Mertelj, Phys. Rev. Lett., 124, 037801 (2020).

[3] R. J. Mandle, N. Sebastian, J. Martinez-Perdiguero and A. Mertelj, Nat. Comm., 12, 4962 (2021)
[4] X. Chen, E. Korblova, D. Dong, X. Wei, R. Shao, L. Radzihovsky, M. A. Glaser, J. E.
Maclennan, D. Bedrov, D. M. Walba and N. A. Clark, Proc Natl Acad Sci USA, 117 (25) 14021-
14031 (2020).
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Janus polytricyclononenes (PTCN) with rigid backbones and flexible n-alkyl (n = propyl, butyl,
hexyl, octyl, decyl) are novel, innovative materials that show potential in separating
hydrocarbons. These superglassy polymers were designed to show an enhanced and controllable
gas permeability via flexible alkyl side chains that promote mass transport, as opposed to
conventional microporous polymers, where permeability is a function of the free-volume entities.

PTCNs, investigated by small angle X-ray scattering (SAXS), show nanophase separation
between the n-alkyl side chains and the backbones. The size of the nanodomains increases with
the length of the n-alkyl side groups. In addition, for the alkyl chain-rich nanodomains a distinct
a-relaxation was found by means of broadband dielectric spectroscopy (BDS) and temperature
modulated DSC (TMDSC). The glass transition of the backbone-rich domains, which is beyond
or near to the degradation of the materials, was evidenced by fast scanning calorimetry (FSC) by
decoupling it from decomposition, employing high heating rates up to 10* K/s [1].

Further, Janus PTCNs were studied by quasielastic neutron scattering (QENS) employing the
backscattering IN16B (ILL, Grenoble) and time of flight FOCUS (PSI, Villigen) instruments. For
an overview of dynamic processes setting in at different temperatures, inelastic (IFWS) and elastic
fixed window scans (EFWS) were conducted. IFWS showed that the segmental motions of alkyl-
rich nanodomains shift to higher temperatures with increasing alkyl chain length, which agrees
with SAXS and BDS findings. For the lowest side chain lengths an additional low temperature
relaxation process was found, assigned to methyl group rotations.

[1] Kolmangadi, M. A.; Szymoniak, P.; Smales, G. J.; Alentiev, D.; Bermeshev, M.; B6hning, M.; Schonhals,
A. Macromolecules 2020, 53, 7410-7419.
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Electroactive polymers like Poly(vinylidene fluoride) (PVDF) and its copolymers have
attracted interest for long time, due to their ability to convert mechanical strain into
electrical energy and vice versa [Wang et al. ACS Applied Energy Materials 2021, 4 (10),
11133-11143]. Piezo and ferroelectric properties of PVDF based materials are central to
that conversion. The large difference in electronegativity between fluorine atoms and
hydrogen and carbon atoms produces a strong electric dipole in PVDF monomer,
perpendicular to the main chain. These monomer dipoles, upon crystallization, can
produce arrangements that give rise an overall dipolar contribution per unit cell, leading
to ferroelectricity. However, whereas PVDF copolymers with Trifluoroethylene (PVDEF-
TrFE) crystallize at room temperature into an intrinsically ferroelectric phase, PVDF
homopolymer can crystallize into several crystalline phases, although not all of them are
polar or ferroelectrically active (FEA). The chain conformation is different in each of
these phases, and subsequently, the arrangement of the chain dipoles is different. The
most common crystalline phase obtained from melt processing, the non-polar a—phase,
presents a TGTG’ conformation, with dipole cancelation. A route to obtain ferroelectric
phases in PVDF is processing by solution in polar solvents [Ma, W et al. Journal of
Macromolecular Science, Part B 2008, 47 (3), 434—449]. Also, ferrolectric PVDF can be
obtained under confined conditions like, for example, when processing to form
nanoparticles (Figure 1) or into nanotubes. In this talk we will discuss the molecular
dynamics of ferroelectric PVDF phases and compare them with that of PVDF-TrFE
ferroelectric copolymers.
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Figure 1: Ferroelectric response (by Piezoelectric Force Microscopy, PFM) of PVDF
nanoparticles prepared by nanoprecipitation from solution.




September 6", 2022

How macromolecules and ions penetrate narrow pores
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Understanding that way that polymers penetrate in narrow pores is important for applications
including separation of proteins with relevance e.g. in cell biology. In general, placing
macromolecules close to interfaces alter their conformational and dynamic properties. Much of
this behavior stems from polymer-substrate interactions. Taming the strength of interfacial
interactions especially under non-equilibrium conditions (e.g. during flow), may enable the design
of polymer interfaces with controlled physical properties (viscosity, glass temperature as well as
wettability and adhesion) of importance in applications. Herein we follow the polymer dynamics
in situ at the chain length scale by studying the evolution of normal modes in the type A polymer
(according to Stockmayer’s classification) polyisoprene (PI) during imbibition in nanopores. The
specific scientific question we address is, if and how, adsorption affects the imbibition kinetics of
polymers. We follow the details of polymer imbibition in situ by employing the nanofluidic
method.! The latter provides simultaneous access to (i) the kinetics of imbibition, (ii) the
molecular dynamics and (iii) the viscosity experienced by the polymer during flow.** In another
area, we investigate if and sow the ionic conductivity and chain mobility of a polymer electrolyte
is affected during imbibition and following imbibition in nanopores. To this end, the archetypal
polymer electrolyte poly(ethylene oxide) (PEO)/LiTFSI is employed. By following the evolution
of dc-conductivity during flow within nanoporous alumina templates, we find that ion mobility is
strongly affected by polymer adsorption.’

The work is supported by the Hellenic Foundation for Research and Innovation (H.F.R.1.)
under the “First Call for H.F.R.I. Research Projects to support Faculty members and Researchers
and the procurement of high-cost research equipment grant” (Project Number: 183).

[1] A. Serghei, D. Chen, D. H. Lee, T. P. Russell, Soft Matter 6, 1111-1113, 2010.

[2] C.-H. Tu, J. Zhou, M. Doi, H.-J. Butt, G. Floudas, Phys. Rev. Lett. 125, 127802, 2020.

[3] C.-H. Tu, J. Zhou, H.-J. Butt, G. Floudas, Macromolecules 54, 6267-6274, 2021.

[4] P. Kardasis, A. Oikonomopoulos, G. Sakellariou, M. Steinhart, G. Floudas, Macromolecules 54, 11392-
11404, 2021.

[5] C.-H. Tu, L. Veith, H.-J. Butt, G. Floudas, Macromolecules 55, 1332-1341, 2022.
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Polymer nanocomposites (PNCs) are made by the dispersion of hard fillers into polymer melts.
These materials display striking structural and dynamical properties, which depend in a subtle
way on the interactions between the polymer chains and the particle surfaces. For strongly
interacting systems such as poly(2-vinylpyridine) mixed with silica nanoparticles (NPs),
broadband dielectric spectroscopy (BDS) evidenced the existence of slow-down polymer layers
surrounding the NPs. First, the effect of chain mass [1] and blending of short and long chains [2]
on the segmental dynamics and elastic properties of the interfacial layers will be discussed. In the
latter case, we used the combination of isotopic labeling and small-angle neutron scattering to
determine the influence of the NP surfaces on the polymer structure. [3] Different degrees of
spatial segregation could be identified, including a peculiar, “fish-shaped” interfacial gradient
characterized by reverse Monte Carlo (RMC) simulations.

In a second part, recent BDS results on the effect of NP surface modification will be presented,
showing that the suppression of the attractive NP-polymer interactions has a strong impact on the
dynamics of the interphase. It significantly reduces the slow-down effect of NPs without changing
the interfacial layer thickness. In parallel, grafting induces stronger interparticle attractions,
thereby modifying the NP dispersion as followed by small-angle X-ray scattering and RMC
simulations, this time of the NP configuration.

[1] A.C. Genix, V. Bocharova, A. Kisliuk, B. Carroll, S. Zhao, J. Oberdisse, and A.P. Sokolov, ACS Appl.
Mater. Interfaces 2018, 10, 33601.

[2] V. Bocharova, A.C. Genix, J.JM.Y. Carrillo, R. Kumar, B. Carroll, A. Erwin, D. Voylov, A. Kisliuk, Y.
Wang, B.G. Sumpter, and A.P. Sokolov, ACS Appl. Nano Mater. 2020, 3, 4, 3427.

[3] A.C. Genix, V. Bocharova, B. Carroll, P. Dieudonné-George, M. Sztucki, R. Schweins, A. P. Sokolov,
and J. Oberdisse, ACS Appl. Mater. Interfaces 2021, 13, 36262.
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molecular brushes: thermal transitions and molecular
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Amphiphilic block copolymers (AmBCs) consist of at least two blocks of distinct chemical nature
that undergo nanophase separation as a result of chain association in solvents that selectively
dissolve one of the blocks. It is well established that the ability of the AmBCs to react in
environmental changes by alterations in morphology depends mainly on the degrees of
polymerization of the two blocks, the hydrophobic character of the insoluble block and the
molecular architecture of the copolymers. On the other hand, molecular brushes (MBs), i.e., graft
copolymers with a backbone and side chains, are interesting macromolecular building blocks for
nanomaterial fabrication exhibiting interesting chain association and phase separation properties.

In this work we employ, mainly, differential scanning calorimetry, DSC, and broadband dielectric
spectroscopy, BDS, techniques to investigate thermal transitions and molecular mobility in a
series of recently synthesized AmBCs, in the form of hetero-MBs, that comprise a hydrophilic
pendent block, poly(oligoethylene glycol methacrylate), POEGMA, and different water-insoluble
blocks of the family of n-alkyl methacrylates as the hydrophobic pendent side group. More
specifically, poly(hydroxyl propyl methacrylate), PHPMA, poly(lauril methacrylate), PLMA and
poly(stearic methacrylate), PSMA, short side chains are combined with POEGMA at various
compositions leading to the synthesis of hetero-MBs with one or two crystallizable side chains.

The research interest in this work focuses on the investigation of the intermolecular interactions
established between the two different side chains - blocks that control the miscibility of the two
blocks and the morphology of the copolymers in the dry state of the AmBCs. The study of the
molecular mobility in both, local and segmental length scale, provides valuable information in
this respect. The crystallization behavior of the hetero-MBs and the impact of the crystallinity on
the molecular mobility of the copolymers are also discussed in details.
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The analysis of structural relaxation dynamics of polymers gives an insight into their
mechanical properties, whose characterization is used to qualify a given material for its practical
scope. The dynamics is usually expressed in terms of the temperature dependence of the
relaxation time, which is available through experimental measurements (broadband dielectric
spectroscopy, dynamical mechanical analysis, among others) following the polymer synthesis.
In this work, we propose a combined approach of artificial neural networks and the elastically
collective nonlinear Langevin equation (ECNLE) to estimate the temperature dependence of
the main structural relaxation time of polymers (see Figure 1) based only on the knowledge

of the chemical structure of the corresponding monomer'.
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Figure 1. Experimental (blue) and predicted (red) relaxation times (obtained from ECNLE theory) vs 1000/T. The

corresponding monomeric chemical structure is presented on the left side of the image. Dashed lines stand for the confidence
interval corresponding to the typical deviation in the ANN prediction (10% relative error): a) Poly (2, 2, 2 trifluoroethyl

acrylate), b) Poly (isopropyl methacrylate). ¢) Poly (phenyl methacry-late), and d) Poly (secbutyl methacrylate).

Miccio, L.A.; Schwartz, G.A. From Chemical Structure to Quantitative Polymer Properties Prediction through

1.
Convolutional Neural Networks. Polymer. 2020, 193, 122341.

2. Miccio, L.A.; Schwartz, G.A. Localizing and Quantifying the Intra-Monomer Contributions to the Glass
Transition Temperature Using Artificial Neural Networks. Polymer. 2020, 203, 122786.
Miccio, L.A.; Schwartz, G.A. Mapping Chemical Structure-Glass Transition Temperature Relationship through

3.

Artificial Intelligence. Macromolecules 2021, 54 (4), 1811-1817.

Miccio, L.A.; Borredon, C.; Casado, U.; Phan, A.D.; Schwartz, G.A. Approaching Polymer Dynamics Combining
Artificial Neural Networks and Elastically Collective Nonlinear Langevin Equation. Polymers. 2022, 14, 1573.
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It is well-recognized now that the enormous volume of polymers produced in recent decades and
their low recyclability create ecological problems. One of the potential solution to improve their
recyclability is a substitution of some covalent bonds in these materials by dynamic (reversible)
bonds, such as hydrogen, ionic or dynamic covalent (e.g. vitrimers) bonds. This makes polymer-
based materials not only recyclable, but also enables unique properties such as self-healing, shape
memory, time programmable and also extreme toughness. The talk will overview studies of
dynamics and viscoelastic properties of model polymers with dynamic bonds using Broadband
Dielectric Spectroscopy and rheology. We demonstrate that dynamic bonds introduce multiple
relaxation processes controlling different aspects of structural rearrangements [1-3]. Our analysis
reveals [2] that relationship between bond dissociation time and stress relaxation time follows
well the predictions of bond lifetime renormalization model. However, the most interesting
behavior appears when dynamic bonds aggregate in microphase separated clusters. We
demonstrate that the relaxation in these clusters, and not the polymer backbone, controls viscosity
of these materials [1,3,4]. Moreover, these materials can exhibit extremely long rubbery plateau
with the level almost approaching glassy modulus [3]. Based on broad range of experimental data
we propose a general model describing unique viscoelastic behavior of polymers with clusters of
dynamic bonds [4]. At the end, we emphasize great perspectives of polymers with dynamic as
materials for sustainable future [5].

K. Xing, et al., Macromolecules 51, 8561 (2018)

S. Ge, et al., Soft Matter 16, 390 (2020).

S. Ge, et al., Macromolecules 54, 4246 (2021).

S. Ge, et al.,, ACS Nano 16, 4746 (2022).

S. Samanta, et al., J. Phys. Chem. B 125, 9389 (2021).
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Whenever water molecules interact with either dipolar or charged systems, the main water
dielectric relaxation peak broadens. If a solute is dipolar in nature, new solute-water clusters are
created due to dipole-dipole interactions. It leads to the “red shift” of the dielectric loss maximum
frequency. In the case of ionic solutions, another cluster structure develops, due to dipole-charge
interactions and a “blue shift “is observed. In the general case when a solute molecule has both
charged and dipole groups, the dielectric loss maximum demonstrates a “red” or “blue” shift,
depending on the entity concentration. In all aqueous solutions, the water-solute interactions can
be considered as dipole-matrix interactions in which water is the dipole subsystem. The
phenomenological 3D trajectories approach was applied to the results of isothermal dielectric
measurements of different concentrations of the following aqueous solutions: Hydrocarbons,
NaCl and KCIl, AMP and ATP, Amino Acids and proteins [1-5]. The parameters of the main water
peak define a trajectory that can clarify the nature and rate, at which water interacts with the
solute. This paper extends this approach from comparatively simple solutions to the complexity
of Red Blood Cells (RBC) suspensions by monitoring the RBC cytoplasm under different external
conditions [6,7]. Dielectric measurements of RBC suspensions in the frequency region of 100
MHz to 50 GHz as a function of aging or external glucose concentration also reveal a distinct
time point or glucose concentration, after which the spectra are radically changed. We conclude
that the microwave dielectric response of the cytoplasm is due to the water therein and its
interaction with physiological active components in the cytoplasm. Based on a microwave sensor,
we presented an approach and the miniaturized device for screening and testing biological fluids
(blood, milk, sperm, etc.). This technology allows quick quantitative measurement of numerous
characteristics of bodily fluids in a labeling-free manner. This technology can be used for a wide
range of applications, including the analysis of various deviations in patient states expressed in

changes in the composition of the blood or erythrocyte cytosol.

1. E. Levy, A. Puzenko, U. Kaatze, P. Ben Ishai, Y. Feldman, Dielectric spectra broadening as the signature of dipole-matrix
interaction. I. Water in nonionic solutions, JCP., (2012) 136, 114502.

2 E. Levy, A. Puzenko, U. Kaatze, P. Ben Ishai, Y. Feldman, Dielectric spectra broadening as the signature of dipole-matrix
interaction. II. Water in ionic solutions JCP., (2012) 136, 114503.

3. A. Puzenko, E. Levy, A. Shendrik, M.S. Talary, A. Caduff, Y. Feldman, Dielectric spectra broadening as a signature for
dipole-matrix interaction. III. Water in adenosine monophosphate/adenosine-5'-triphosphate solutions, JCP., (2012)
137,194502.

4. E. Levy, S. Cerveny, 1. Ermolina, A. Puzenko, Y. Feldman, Dielectric spectra broadening as a signature for dipole-matrix
interaction. IV. Water in amino acids solutions, JCP., (2014) 140 135104.

5.L. Latypova, A. Puzenko, E. Levy, Yuri Feldman, “Dielectric spectra broadening as a signature for dipole-matrix interactions.
V. Water in protein solutions” JCP., (2020) Vol. 153, 045102-8

6. E. Levy, G. Barshtein, L. Livshitz, P. Ben Ishail and Yu. Feldman, “The Vitality of Human RBC and its connection to
cytoplasmic water: I. The glucose concentration influence” Journal Physical Chemistry B (2016), 120, 10214.

7.E. Levy, M. David, G. Barshtein, S. Yedgar, L. Livshits, P. Ben Ishai, and Yu. Feldman, “Dielectric Response of Cytoplasmic
Water and Its Connection to the Vitality of Human Red Blood Cells: II. The influence of storage”, JPCB (2017), 121, 5273.
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The extensive studies of water are linked to its significant role in life. One of the most important
features of water is its well-known strong polarity [1]. Water molecules can establish an elastic
hydrogen-bonded (H-bonded) network[2], in which H-bonds are relatively weak(compared to ice)
due to thermal fluctuations. H-bonds break and form on a picoseconds time scale, a short lifetime
that characterizes the dynamical flexibility of liquid water [3]. The main consequence is the
remarkable ability of water to respond to changing molecular structures. Hence, whenever water
interacts with any solute of ionic or non-ionic nature, the formation of hydration shells causes a
structural and dynamic modification of the H-network [4, 5]. Further, the nature of the
perturbations strongly depends on the identity and concentration of the ions, giving rise to subtle
differences that can play key roles in different biological processes including the selectivity of
membrane ion channels and pumps to Na*, K", Mg*" and Ca*". A clear understanding of these
differences is of great interest to several fields such as biology, food sciences, and
electrochemistry.

Microwave dielectric spectroscopy (MDS) is a powerful technique to evaluate the microwave
dielectric response of bulk water in the systems, also known as y-dispersion. MDS allows
measuring the complex dielectric permittivity as a function of the frequency of different aqueous
solutions and gives relevant information regarding molecular interactions and arrangements[3].
In the microwave frequency range, pure distilled water at 20 C shows a maximum loss peak at
around 18 GHz [3]. If any solute with ionic nature interacts with water, some specific changes
are observed in the complex dielectric spectrum: reduction of static permittivity, shift and
broadening of the main relaxation peak, and appearance of conductivity tail [4]. These notable
changes can be correlated with the variations in the H-bond network caused by the coulombic
forces originated by the ions [5].

In this work, the microwave dielectric response of aqueous solutions of univalent NaCl and KCl
and bivalent CaCl, and MgCl; electrolytes at different concentrations has been measured between
500 MHz and 40 GHz. The complex permittivity spectra are represented by a Cole-Cole (CC)
relaxation time distribution. The behavior of the CC parameters including the dielectric strength
(Ag), the relaxation time (t), and the broadening (o) is used to build a 3D phase space that
describes the dynamic and structural properties of the studied systems [6]. Using the
phenomenological approach of the 3D trajectories and the idea that the mechanism of the
dielectric relaxation of water is the migration of orientational defects, we present an accurate
comparison between univalent and bivalent electrolytes in terms of minimum water cluster size
and their relaxation time. Moreover, the average number of perturbed water molecules in each
electrolyte solution has been calculated. The results of this research will contribute to the

enhancement of the current knowledge on the interactions of water with ions at the molecular
level.

.1 Raicu V, F.Y., Dielectric Relaxation in Biological Systems: Physical Principles, Methods, and Applications.
2015, Oxford: Oxford University Press. 464.

2 Yves, M., The hydrogen bond and the water molecule: the physics and chemistry of water, aqueous and bio
media. first ed. 2007, Amsterdam: Elsevier.

3 Kaatze, U., Complex permittivity of water as a function of frequency and temperature. Journal of Chemical
& Engineering Data, 1989. 34(4): p. 371-374.

4 Levy, E., et al., Dielectric spectra broadening as the signature of dipole-matrix interaction. Il. Water in ionic
solutions. J Chem Phys, 2012. 136(11): p. 114503.

5 Kaatze, U., Dielectric spectroscopy of aqueous solutions. Hydration phenomena and hydrogen-bonded
networks. Journal of Molecular Liquids, 1993. 56: p. 95-115.

.6 Puzenko, A., P.B. Ishai, and Y. Feldman, Cole-Cole Broadening in Dielectric Relaxation and Strange

Kinetics. Physical Review Letters, 2010. 105(3): p. 037601.
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Cations accumulate around nucleic acids, due to their negatively charged phosphate backbone,
giving rise to the formation of an ion atmosphere in solution. Such interaction of cations with
phosphate groups is essential for stabilizing the tertiary structure of these bio-macromolecules.
Dimethyl phosphate (DMP") is a simple and widely used model to specifically study such ion-
phosphate interactions, which can be largely elucidated in terms of ion pairing. However, despite
numerous experimental and simulation studies, the nature and stability of ion-pairs as well as the
associated ion pairing kinetics have remained elusive.

In this work, we study the ion association between DMP~ and Na*, Mg**, or Ca*’ ions using
dielectric relaxation and nuclear magnetic resonance spectroscopies. We find that in DMP™ is
weakly hydrated, i.e. the dynamics of anion-bound solvent molecules are very similar to those in
the bulk. Further, in solutions of NaDMP, DMP" is mostly present as non-associated anion in
gauche-gauche conformation. Addition of NaCl, MgCl, or CaCl, to a 0.2 M NaDMP solution
gives rise to notable ion-pair formation, with 20-27% of all DMP ions being paired to Mg**/Ca**
ions at a twofold excess of MgCl,/CaCl,. Expectedly, Na® forms weaker ion-pairs owing to its
lower charge density; the maximum degree of ion association is ~11% in the 0.2-2 M
concentration range of NaCl.

A quantitative analysis of the dielectric and NMR data suggests that contact ion-pairs dominate
for Mg?" and Ca*", whereas solvent-shared ion-pairs prevail for Na’. Comparison of our speciation
model to previous studies on RNA suggests that cation binding to DMP™ can be used to predict
condensation of Mg®* ions to the phosphate backbone of RNA, reinforcing that DMP™ is a
reasonable proxy for studying ion-phosphate interactions of nucleic acids.

The concentration dependence of the solute relaxation times can largely be explained by a cation
metathesis reaction in addition to ion-pair self-dissociation. We find the lifetimes of these ion-
pairs to follow the trend Mg** >> Ca*" > Na’, which help narrowing down the so far broad ranges
of ion-pair lifetimes reported in the literature.
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Water is the most ubiquitous and essential liquid on earth, and it is fundamental to the existence
of life. Many biological processes take place in crowded aqueous surroundings and water in living
cells can be considered as confined water.! However, water behaves differently under
confinement with respect to the crystallization and dynamics compared to those in the bulk.'??
Especially in biological systems, the role of confined water is of crucial importance though still
far from fully understood. Here, I will present the state of water under soft confining media
provided by lipidic mesophase (LMP). An unfrozen lipid formerly synthesized in our group opens
the gate for the study of water in LMPs at subzero temperatures.* Yet, the complex synthetic
procedure with low yields narrows the large-scale application. We will present here our recent
discovery of a commercially available lipid, phytantiol, that gives the access to the liquid water
in LMPs at subzero temperatures.” The comprehensive understanding on the crystallization and
dynamics of water confined in the lamellar phase were obtained from differential scanning
calorimetry and broadband dielectric spectroscopy. Two dynamically different fractions of water
were observed that are assigned to a slower bound water close to the head group of the lipid and
a faster interstitial water inner the lamellar channel. I will also present the evidence for the
application of the cryogenic liquid water in LMPs on cryo-enzymatic reactions. In the end, I will
discuss the recent understanding on the state of water during the phase transition in LMPs from
the cubic to the reverse hexagonal phase.®

1. Cerveny, S., Mallamace, F., Swenson, J., Vogel, M., Xu, L., Chemical reviews 2016, 116 (13), 7608-
7625.

2. Yao, Y., Ruckdeschel, P., Graf, R., Butt, H.-J., Retsch, M., Floudas, G., The Journal of Physical
Chemistry B 2017, 121 (1), 306-313.

3. Yao, Y, Fella, V., Huang, W., Zhang, K. A., Landfester, K., Butt, H.-J., Vogel, M., Floudas, G.,
Langmuir 2019, 35 (17), 5890-5901.

4. Salvati Manni, L., Assenza, S., Duss, M., Vallooran, J.J., Juranyi, F., Jurt, S., Zerbe, O., Landau, E.M.
and Mezzenga, R., Nature Nanotechnology 2019, 14, 609-615.

5. Yao, Y., Zhou, T., Férber, R., Grossner, U., Floudas, G., Mezzenga, R., Nature Nanotechnology 2021,
16, 802-810.

6. Yao, Y., Catalini, S., Kutus, B., Hunger, J., Foggi. P., Mezzenga, R., Angewandte Chemie 2021, 60
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The dynamics of water is commonly studied in both hard confinements and different types
of aqueous solutions. There are two main reasons for such studies of interfacial water: Firstly,
because the dynamical properties of interfacial water is essential to determine in order to
understand its role for life. Secondly, geometrical confinements and mixing with another soft
component can prevent crystallization and enable studies of water in the so-called no man’s land
(the approximate temperature range 150-230 K) where bulk water rapidly crystallizes. Here, we
apply broadband dielectric spectroscopy combined with calorimetric measurements to elucidate
the dynamics of water in such systems, where all the water is fully amorpous or partly crystalline.
Furthermore, we make comparisons with similar studies on amorpous bulk ice [1,2] to determine
the relevance of our findings for the dynamical properties of bulk water.

The results from the dielectric relaxation measurements show that the main water
relaxation below 150 K is similar for bulk water and water in hard confinements and aqueous
solutions at high water contents. This finding suggests that the results obtained for interfacial
water may be of more relevance for supercooled and glassy bulk water than previously thought
[3]. It also questions whether the main relaxation of amorpous bulk ice should be interpreted as
be the glass transition related [J-relaxation, since it appears as a secondary [J-relaxation in
aqueous solutions [3].

For partially crystalline aqueous solutions it was found that the amorphous water
dynamics and glass transition temperature were affected by the crystallinity, but that these effects
can almost completely be explained by freeze concentration of the solution. Thus, the water
dynamics of the partially crystalline sample becomes the same as for a fully amorphous sample
with the same water concentration as the amorphous part of the partially crystalline solution [4].
This also implies that the dynamic crossover of the water relaxation from a high temperature non-
Arrhenius behavior to a low temperature Arrhenius dependence is unaffected by the partial
crystallization and still occurs as a single crossover at the calorimetric glass transition of the
solution [4].

. G. P. Johari, A. Hallbrucker and E. Mayer, Nature, 1987, 330, 552-553.

. K. Amann-Winkel et al., Proc. Natl. Acad. Sci. USA, 2013, 110, 17720-17725.
. J. Swenson, Phys. Chem. Chem. Phys., 2018, 20, 30095-30103.

. J. H. Melillo, J. Swenson and S. Cerveny, J. Mol. Liquids 2022, 119039.
DOI:10.1016/j.molliq.2022.119039
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The Stewardship of Dielectric Spectroscopy Data: A Case
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This talk will present an overview of an R&D project involving the stewardship of broadband
dielectric spectroscopy data. Previously, this data in its raw form was not easily readable by
humans or computers and first needed to be converted into a common ASCII-based table format.
Data analysis was then performed via several repetitive steps in proprietary spreadsheet software.
Here, by implementing open-source tools to rapidly visualize and analyze dielectric spectroscopy
data (Figure 1), a more collaborative project was achieved. With this power the team was able to
streamline experimental planning and achieve measurement optimization. Finally, this same
software would save both the raw data and the empirical fit parameters in a tidy data format such
that it is readily accessible by both humans and computers for several (software) generations to
come. This case study provides a single example of how rapid data visualization and centralized
tidy data storage can benefit a myriad of analytical techniques.
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Figure 1. Dielectric loss of DC 704 from —66 to —30 °C as rapidly visualized via a
custom script in the programming language R.
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nanocomposites: a multi-scale study
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The dynamics of long polymer chains, in presence of nanoparticles, have been investigated. The
nanocomposites were inspired by tire industry-like rubber materials and were made of entangled
polyisoprene linear chains filled with chemically treated silica nanoparticles. Combining
rheology, dielectric and neutron spin echo (NSE) measurements, we determined the modification
of the polymer chain dynamics from unfilled state to high filler concentration over a broad range
of time and length scales.

We found that nano-fillers do not modify the time-temperature-superposition shift of dynamic
behavior upon temperature changes of any of the investigated relaxation mechanisms. However,
they do slow down the dynamics at time and length scales below the entanglement regime. This
impact on the polymer chain dynamics was found to be more pronounced with increasing filler
concentration up to 30% in volume fraction.

The polymer dynamics probed by NSE was found to reflect a mix of dynamical contributions
without allowing to straightforfardly discriminate among them. Conversely, rheology and
dielectric spectroscopy, as they probe very specific relaxation mechanisms, showed a more
pronounced slowing down effect induced by the presence of the fillers. In particular, we showed
that the a-relaxation was strongly impacted by the presence of fillers, which was unexpected
based on our literature research [1, 2]. One obvious difference between commonly investigated
compounds and the present study is that we exclusively characterized non-crosslinked samples.
In addition, we explained the broadening of the peak of the a-relaxation by the stretching of the
distribution of relaxation times. This occurs concomitantly with the increase of the part of non-
soluble polymer with increasing filler concentration. We thus performed additional NSE
measurements with labelled, protonated polyisoprene chains bound to the fillers and embedded
in a fully deuterated matrix to specifically study the dynamic behavior of localized polymer
chains. We proved that, even at a small concentration of filler, the polyisoprene chains bound to
the filler surface via the silane agent do not show any dynamics in the investigated Fourier
timescale. We thus demonstrated the existence of a population of localized polymer chains whose
dynamics are profoundly altered as compared to the free polymer chains within the bulk. This is
in line with the full-chain relaxation observed by dielectric normal mode, which does not show a
clear trend with filler concentration. Together with the labelled NSE study, we interpret these
results in the way that the full-chain relaxation of the localized polymer at the filler surface is
suppressed and only the normal mode of the free polymer is observed.

1. Fritzsche, J., M. Kliippel, J. Meier. Kautschuk, Gummi, Kunststoffe, 2009. 62(6): p. 319-325.
2. Fritzsche, J., M. Kliippel. Journal of Physics: Condensed Matter, 2010. 23(3): p. 035104.
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Dielectric properties and high voltage conductivity of epoxy-
liquid ionic networks
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In recent years, ionic liquids (ILs) have attracted great interest in the materials field, due to their
low vapor pressure, good chemical and thermal stability, infinite number of cation-anion
combinations, high ionic conductivity and ability to dissolve polymers. In addition, their low
melting point allows them to be compatible with the polymer process temperature. These
characteristics make them attractive in a wide range of fields, such as electrolytes, lubricants,
plasticizers and material additives.

Recently, several authors have demonstrated the reactivity of ionic liquids towards epoxy to form
new epoxy-based networks. In 2012, the initiation of homopolymerization of an epoxy system by
an imidazolium-based IL was demonstrated [2]. A few years later, the same team extended the
study to pyridinium- and phosphonium-based ILs and pointed out that they also have the ability
to form new epoxy networks without the aid of a conventional hardener [3, 4]. These studies have
highlighted the key role of ILs and their impact on the final properties of the material. Indeed,
thermal stability, glass transition and hydrophobicity can be increased due to the presence of ILs
incorporated in the epoxy network. However, many questions remain open, including the network
formation and mechanisms induced by phosphonium-based ILs to the epoxy prepolymer.

The present study proposes to complete the knowledge on these new epoxy-ionic liquid networks,
by providing the last building blocks for a complete understanding through molecular mobility
[5]. The study of molecular relaxations observed by dielectric spectroscopy as well as
characterizations by dynamic mechanical analysis have allowed to finely analyze the epoxy
network formed by homopolymerization. Particular attention will be paid to the electrical
conductivity and its dependence on the electric field and temperature.
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Environmental performance has become a new important material selection criterion,
added next to quality, technical performance, and cost. Environmental Product Declarations
(EPD), based on thorough Life Cycle Assessments (LCA), emerged as the new standard to
communicate meaningfully and effectively the environmental impacts of products. The choice of
the input raw materials (thermoplastics, thermosets, metals) together with the energy spent during
manufacturing, the losses during the use phase and the product’s end-of-life are crucial for a
favorable EPD.

In this talk, current research efforts for substituting traditional fossil-based plastics,
utilized in ABB products (e.g. switches, circuit breakers, embedded poles, motors, generators)
with sustainable/circular alternatives will be discussed and the associated environmental benefits
will be highlighted. Special attention will be given to a new class of materials, introduced in 2011
by Leibler and co-workers, the vitrimers [1]. Vitrimers are permanent networks of polymer chains
connected via dynamic covalent bonds, which allow the network to change its topology while
maintaining a constant number of chemical bonds at all temperatures [2]. Thanks to this unique
characteristic, they retain mechanical stability and solvent resistance, but can also flow when
heated above the vitrimer transition temperature (Ty) bridging the gap between thermoplastics and
thermosets.

Studies on the electrical/dielectric properties of a vitrimer system based on exchangeable
imine-linked chemical bonds will be presented by employing AC dielectric breakdown strength
and broadband dielectric spectroscopy (BDS) measurements. The dielectric response at various
temperatures will be analysed to shed light in the structure-property relationships of this novel
material class. Finally, the environmental benefits in terms of recyclability (end-of-life
solvolysis), reusability (re-integration of manufacturing scrap) as well as welding and
repairability will be demonstrated.

[1]1D. Montarnal, M. Capelot, F. Tournilhac and L. Leibler. Silica-like malleable materials from permanent
organic networks. Science 2011;334(6058):965-8.

[2] N.J. Van Zee and R. Nicolay. Vitrimers: Permanently crosslinked polymers with dynamic network
topology. Progress in Polymer Science 2020;104:101233.
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Conductive polymers composites are widely used since they possess electrical properties, high
fatigue strength, high resistance to corrosion and low weight'. In their daily use, these materials
are submitted to various external solicitations such as temperature variation, mechanical
deformation, external electrical field that can influence their functional properties. The
developpement of experimental approaches that considered these external solicitations are needed
to fully understand the evolution the material properties and predicts its life time.

In this work, we investigated the in-situ coupled electrical/mechanical properties of carbon black
filled thermoplastic polyurethane CB/TPU and Polyethylene CB/PE under uniaxial tensile test.
Moreover, the evolution of the electrical properties of CB/TPU submitted to thermomechanical
treatment was evaluated. It was proven that the thermomechanical treatment induces strong
structural changes in TPU matrix that influenced the interpenetration of the CB fillers and thus
their state of electrical conductivity. In the case of the CB/PE, the electrical properties were
determined under uniaxial tensile test in both parallel and perpendicular to the stretching direction
as schematized in figure 1.

We developed an original in-situ coupled electromechanical approach to predict the evolution of
the electrical properties upon uniaxial stretching in the direction perpendicular to the stretching
without any direct contact between the sample and the electrodes. This authentic approach is
based on the scaling laws of the Maxwell-Wagner-Sillars interfacial polarization of a bilayer
system between an insulator air gap and a conductive polymer composite?, CB filled polyethylene
(CB/PE). Determining the evolution of conductivity in the parallel and perpendicular to stretching
direction helps to deeply understand the interconnections within the conductive fillers and their
interaction with the polymer matrix.
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Fig. 1: (left) Schematic illustratration of the electromechanical set up. (middle) conductivity
evolution in the stretching direction as function of the strain magnitude at different annealing
temperature. (right) evolution of the normalized conductivity as function of the strain magnitude
in both parallel and perdirection.

(1) Beutier, C.; David, L.; Sudre, G.; Cassagnau, P.; Heuillet, P.; Cantaloube, B.; Serghei, A. In-Situ
Coupled Mechanical/Electrical Investigations of EPDM/CB Composite Materials: The Electrical Signature
of the Mechanical Mullins Effect. Compos. Sci. Technol. 2022, 218, 109144. (2) Samet, M.; Levchenko,
V.; Boiteux, G.; Seytre, G.; Kallel, A.; Serghei, A. Electrode Polarization vs. Maxwell-Wagner-Sillars
Interfacial Polarization in Dielectric Spectra of Materials: Characteristic Frequencies and Scaling Laws. J.
Chem. Phys. 2015, 142 (19), 194703.
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Recent technological advances and materials innovations have shifted the architecture of
integrated circuits from planar two-dimensional to three dimensional (3D) systems, as in stacked
integrated circuit chips (3D-ICs). However, the performance demands of these 3D-IC devices
seem to be at odds with the reliability needs because while the emerging devices are expected to
operate at higher current densities, they have lower voltage tolerances at higher electric fields.
With these changes, the reliability of the electronic circuitry has shifted from being transistor-
dominated to interconnect-dominated, along with new materials related challenges such as stress
induced unexplained early failures, electromigration, etc. Unfortunately, traditional metrology
has been unable to adequately address the measurement needed to in-situ characterize the
underlying failure mechanism. We have successfully demonstrated the application of broadband
dielectric spectroscopy (BDS)-based metrology in addressing some of these metrology gaps. In
this talk, we will revisit our applications of BDS to understanding of failure mechanisms due to
material aging, and application as an early warning system in emerging 3D integrated electronic
devices.




September 6", 2022

Flash technology applied in porcelain sintering

S. Soreto Teixeira'", Jorge Marinheiro', Camila Ribeiro*, Nathan Kerkad?, Oleksander Tkach?,
M. P. F. Graga®’, M. Elisabete Costa’, Ana M. O. R. Senos” and Paula M. Vilarinho?

"Porcelanas da Costa Verde SA, Zona Industrial de Vagos, 3840-385 Vagos-Portugal
2 Department of Materials and Ceramic Engineering, CICECO — Aveiro Materials Institute,
University of Aveiro, Campus Santiago, 3810-381 Aveiro-Portugal
313N-Physics department, University of Aveiro, 3810-193 Aveiro-Portugal

* silvia.soreto@costa-verde.com

The ceramic manufacturing industry is now focused on reducing greenhouse gas emissions, a
difficult mission since the sintering process requires high temperatures. Porcelanas da Costa
Verde SA, is a ceramic company from Portugal, that intends to investigate, develop and validate
the use of an alternative, innovative and environmentally more sustainable technology for
porcelain sintering during the first firing/biscuit process — FLASH technology, through the
FLASHPOR project.

FLASH is a Field Assisted Sintering Technique that allows the densification of ceramics at a
significantly lower temperature and time (less than 60s). The sintering temperature and time
decrease have high impacts on the sustainability as well as on the production rate. Nevertheless,
FLASH sintering is not easily implemented in the industry and cannot be used for all types of
ceramics. Therefore, it is essential to establish and define the FLASH sintering conditions for
each case. In this work, the electrical properties were analysed and FLASH processing was
mapped for porcelain, evaluating the effects of the electric field and current on the densification
and microstructure development.
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With the tremendous technological developments related to the accelerated growth in the field of
telecommunications, our contemporary society is increasingly facing the problem of
electromagnetic pollution. Developing technological solutions and materials for protecting
instruments and systems from electromagnetic interference phenomena becomes thus a major
challenge in our society. In the current work, the electromagnetic interference shielding properties
and the electrical properties of poly (methylmethacrylate) based composite materials prepared
using different types of fillers (carbon nanotubes, carbon black, silver coated glass microfibers)
have been investigated in a broad frequency range. By combining a theoretical and an
experimental analysis we show that, irrespective of the nature of the conductive material (carbon
based or metallic), the correlation between the electromagnetic shielding effectiveness, electrical
conductivity and sample thickness follows a universal behavior, all experimental points falling
onto a single universal curve predicted by our theoretical analysis. This is demonstrated not only
for our own experimental results, but also for numerous experimental data reported in the
scientific literature where other types of polymer matrices and other types of fillers have been
investigated. The universal relationship found in our study opens the perspective of a precise
predictive determination of the electromagnetic interference shielding effectiveness of composite
materials based exclusively on their electrical properties.
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Fig. 1: (left) schematic representation of electromagnetic shielding mechanisms. (right)
electromagnetic shielding effectiveness of different composite materials as a function of the
product between the material conductivity and the sample thickness.

[1]H. Lecocq, N. Garois, O. Lhost, P.-F. Girard, P. Cassagnau, A. Serghei, Composites Part B 189, 107866
(2020); [2] C. Retailleau, J. Alaa Eddine, F. Ndagijimana, F. Haddad, B. Bayard, B. Sauviac, P. Alcouffe,
M. Fumagalli, V. Bounor-Legaré, A. Serghei, Composites Science and Technology 221, 109351 (2022);
[3] C. Retailleau, J. Alaa Eddine, F. Ndagijimana, P. Alcouffe, L. Cavetier, M. Fumagalli, V. Bounor-
Legaré, A. Serghei, Macromol. Sci. Eng. 307, 2100759 (2022); [4] H. Lecocq, G. Sudre, P. Alcouffe, O.
Lhost, P. Cassagnau, A. Serghei, Polymer 246, 124740 (2022)
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From the view point of dielectric spectroscopy studies of the reorientation dynamics of glass-
forming liquid, the molecular polarity is a key physical quantity. It results from the fact that only
molecules possessing a permanent dipole moment can contribute to the orientational correlation
function probed by dielectric spectroscopy. Apart from that, the dipole moment value itself
determines the number of relaxation properties of glass-forming liquids. One of them is the shape
of the dielectric response function of the a-relaxation. In the first step, we will discuss the
correlation between molecular polarity and the width of the a-relaxation peak determined from
broadband dielectric spectroscopy measurements. In this discussion, we will be referring to the
recent interpretation of the spectral shape of the dielectric response proposed by Blochowicz and
co-workers. Their interpretation is based on the assumption that experimentally obtained
dielectric loss peak of polar materials contains two modes with slightly different relaxation rates:
faster, corresponding to the self-term of the dipole-dipole correlation function, and slower mode
being related to the cross-correlation term. Therefore, as a next step we will verify this assumption
using molecular dynamics simulations of both polar and non-polar systems.
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Broadband dielectric spectroscopy is a powerful tool to investigate the two hallmark
dynamic features of supercooled liquids: non-exponential relaxation and non-Arrhenius
temperature dependence of the relaxation time, due to its ramarkable bandwidth and
resolution. The question is, if there is a generic relaxation shape and in what sense [1]? In
general, dielectric spectra display a wealth of different behaviors. Still there is a
prevalence for a “square-root t” relaxation [2,3]. Through combining dielectric
spectroscopy with complementary spectroscopic techniques, there is a emerging
understanding of how to disentangle different dynamic features [4,5] and how different
time scales are related [6,7,8]. Our group focuses on comparisons of dielectric, dynamic
shear and bulk moduli, heat capacity and thermal expansion [2-4,6-8]. The talk gives an
overview of our findings and how recent results fits into the general picture.

[1] K. Niss & T. Hecksher, J. Chem. Phys. 149, 230901 (2018).

[2] A. I. Nielsen, T. Christensen, B. Jakobsen, K. Niss, N. B. Olsen, R. Richert, Jeppe C. Dyre, J. Chem.
Phys. 130, 154508 (2009)

[3] Neslihan Saglanmak, Albena I. Nielsen, Niels Boye Olsen, Jeppe C. Dyre, Kristine Niss, J. Chem.
Phys. 132, 024503 (2010)

[4] C. Gainaru et al, Phys. Rev. Lett., 122, 098301 (2014)

[5]F. Pabst, J. P. Gabriel, T. Bohmer, P. Weigl, A. Helbling, T. Richter, P. Zourchang, T. Walther, T.
Blochowicz, J. Phys. Chem. Lett. 12, 14, 3685-3690 (2021)

[6] B. Jakobsen, T. Hecksher, T. Christensen, N. B. Olsen, Jeppe C. Dyre, and K. Niss

J. Chem. Phys. 136, 081102 (2012).

[71L. A. Roed, J. C. Dyre, K. Niss, T. Hecksher and B. Riechers, J. Chem. Phys., 154, 184508 (2021)
[8] L. A. Roed, K. Niss, B. Jakobsen, J. Chem. Phys. 143, 221101 (2015).
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Dielectric spectra of ionic liquids are notoriously difficult to interpret regarding the microscopic
origin of different relaxational processes. This is due, on the one hand, to the DC conductivity or
electrode polarization overshadowing them and, on the other hand, to the multitude of possible
dynamic processes that are active. Among them are conductivity relaxation, dipolar reorientation
and in cases of cations equipped with long alkyl-chains, also dynamics of supramolecular
aggregates are discussed in the literature.[1] We show how depolarized light scattering, which is
only sensitive to reorientational motions of the molecules, can help to disentangle the different
dynamic processes seen in dielectric spectra. Thereby, it got clear that the reorientational time
scale of cations and anions become separated if both ion species notably differ in size.[2] In such
cases also the conductivity relaxation separates from the dipolar reorientation of the cations,
leading to bimodal dielectric spectra. The dynamics of aggregates, on the other hand, are only
seen in some special cases in the light scattering spectrum and are not visible in the dielectric data
of any of the ionic liquids under investigation. The latter is confirmed by high pressure
measurements.[3]

[1]1 T. Cosby, Z. Vicars, Y. Wang, and J. Sangoro. Dynamic-Mechanical and Dielectric

Evidence of Long-Lived Mesoscale Organization in lonic Liquids. J. Phys. Chem. Lett. 8, 15 (2017)

[2] F. Pabst, J. Gabriel, T. Blochowicz, Mesoscale Aggregates and Dynamic Asymmetry in lonic Liquids:
Evidence from Depolarized Dynamic Light Scattering. J. Phys. Chem. Lett. 10, 9 (2019)

[3] F. Pabst, Z. Wojnarowska, M. Paluch, T. Blochowicz, On the temperature and pressure dependence of
dielectric relaxation processes in ionic liquids. Phys. Chem. Chem. Phys. 23, 26 (2021)
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The dynamics of supercooled liquids is dominated by the structural relaxation, which becomes
very slow on approaching the glass-transition temperature Tg, where its characteristic relaxation
time becomes eventually of 100 s. At slightly elevated temperatures, however, (~1.2 Tg) a second
faster process known as the Johari-Goldstein relaxation (BJG) [1], decouples from the structural
one and remains active even below Tg. The Bjs-process is known to be a genuine feature of the
glass-transition and strongly coupled to the a-relaxation [2], though its dedicated role in the glass-
transition -whether of an actor or a spectator- remains under scrutiny. The lack of a firm
microscopic theory of the glass-transition and the difficulty of experimental and numerical
techniques to probe the spatial and the temporal properties of this process in the relevant dynamic
range, leave this debate still open. Employing X-ray scattering time-domain interferometry (TDI)
[3-6], a technique able to investigate microscopic
density fluctuations in the 10ns-10us time-
window, we here demonstrate that the molecules
participating to the Pjg-relaxation are
characterized, in the deep supercooled state, by
two intriguing features [7]: (i) their mean-squared
displacement satisfies the Lindemann criterion for
structural instability and (ii) their number matches
. . ) the threshold for site percolation. This suggests
o o P oy G "'-‘-%_’Ers.. ) that the molecules participating to the pjc-
|Figure 1: Sketch of the molecules undergoing the 8JG - relaxation  relaxation are very mobile and, on a timescale
I/{md spheres) at a given time. They are highly mobile, perform faster than the structural relaxation, escape the
arger spatial excursions than the rest of the molecules (white X
spheres) and are spatially connected in a percolating cluster cages formed by the nearest nelghbors'
Furthermore these “uncaged” molecules form
a percolating cluster pervading the whole sample
and evolving on the timescale of the (;g-process
[7]. In other terms the Bjg-relaxation is related to
the development of a mosaic structure in the
supercooled phase, characterized by patches of less mobile molecules (i.e., those relaxing on the
timescale of the structural relaxation) separated by a percolating, ever-changing network of more
mobile ones [7] (see Fig. 1). The emergence of this infinite cluster clearly supports the idea that
a dynamical transition takes place around ~1.2 Ty, in line with the basic concepts of the random
first-order transition theory [8].

] Johari, G. P. & Goldstein, M. J. Chem. Phys. 53,2372 (1970).

] Ngai, K. L Relaxation and Diffusion in Complex Systems. (Springer, 2011).
] Baron, A. Q. R. et al. Phys. Rev. Lett. 79, 2823 (1997).

] Saito, M. et al. Phys. Rev. Lett. 109, 115705 (2012).

] Caporaletti. F. et al. Rev. Sci. Instrum. 88, 105114 (2017).

] Caporaletti. F. et al. Sci. Rep. 9, 14319 (2019).
] Caporaletti. F. ef al. Nat. Comm. 12, 1867 (2021)
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! Glass and Time, Roskilde University, 4000 Roskilde, Denmark

Significant progress has been made in recent years regarding the understanding of pure
hydrogen-bonded systems. Currently, monohydroxy- and polyalcohols are considered to
form transient hydrogen-bonded supramolecular structures in the form of chains, rings,
and networks. As a consequence, complex dynamic behavior can be identified for
network-forming glycerol [1] and chain-forming propanol [2] by combining dielectric
and shear rheological spectra.

Now we transfer these concepts to study the combined dielectric and shear rheological
spectral shape of glycerol/propanol mixtures. Although glycerol differs from propanol
by only two additional hydroxy groups, the mixtures are strongly asymmetric (ATmelting
=291K-147K = 143K, ATglass= 190K-98K = 92K). The strong asymmetry is manifested
by the existence of two distinct glass transitions in calorimetric measurements at a
concentration of 70mol% glycerol.

We discuss our findings of extremely broad spectral shapes compared to the neat liquids
and assign molecular interpretations of the spectral features by performing
comprehensive analyses of the three applied experimental techniques.

[1] Jan Philipp Gabriel, Parvaneh Zourchang, Florian Pabst, Andreas Helbling, Peter Weigl, Till B6hmer,
Thomas Blochowicz, Phys. Chem. Chem. Phys., 22, 11644-11651 (2020)
[2] Jan Gabriel, Florian Pabst, Thomas Blochowicz, J. Phys. Chem. B, 121, 37, 8847-8853 (2017)
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Dielectric a-relaxation process in the glass transition
temperature region

Yuima Kawatani, Ryusuke Nozaki
Department of Physics, Faculty of Science, Hokkaido University, Sapporo 060-0810, Japan

If the glass transition phenomenon is purely thermodynamic relaxation origin such as deviation
from the sub-equillibrium state, dielectric alpha process in the sub-equillibrium supercooled state
should show no anomaly near the glass transition temperature Tg. In the last thiery years, there
have been reports that the alpha process near Tg doesn’t follow a curve (such as VFT or WLF
equation) determined using data above Tg [1-4]. These experimental investigations have been
performed for the sub-equillibrium supercooled liquids referring to Kovacs’ volume recovery
experiments [5,6]. However, some descrepancies are found in the features of anomaly described
in these reports. On the other hand, most of such investigasions use polymeric materials such as
atactic PVAc. Although, this is very good in keeping the sample amorphous, one is worried about
unexpected effects due to entanglement and so on near Tg.

We have already published a report on sorbitol [2] and indicated that the temperature dependence
of relaxation frequency of the alpha process shows anomaly near Tg. However, shape of the
dielectric dispersion (directry connected to the distribution of relaxation times) doesn’t show any
anomaly in the same temperature region. This is quite different from the case of PVAc [1]. Itis
considered that liquids of small molecules such as sorbitol are more suitable in study of alpha
process because molecular interaction essentially comes from hydrogen-bonding only. However,
it is very difficult to follow the thermal history indicated by Kovacs [5] due to crystallization.
Actually, dielectric measurements described in our report [2] have been performd in heating
process after quench to a temperature far bellow thermal Tg.

This time, we would like to show a study of dielectric alpha process of some polyhydric liquid
alcohols under the condistion of different thermal history. It has been suggested that cooling rate
is very important to study temperature dependence of the alpha process from the view point of
sub-equillibrium condition.

[1] R. Nozaki, S. Mashimo, J. Chem. Phys. 87 (1987) 2271-2277.

[2] R. Nozaki, D. Suzuki, S. Ozawa, Y. Shiozaki, J. Non-Cryst. Solid 235-237 (1998) 393-398.

[3] G.B. McKenna, Nat. Phys. 4 (2008) 673-674.

[4] J. Zhao, G.B. McKenna, J. Chem. Phys. 136 (2012) 154901.

[51 A.J. Kovacs, J. Poly. Sci. 30 (1958) 131-147.

[6] G.B. McKenna, M.G. Vangel, A.L. Rukhin, S.D. Leigh, B. Lotz, C. Straupe, Polymer 40 (1999) 5183—
5205.
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From isochrones to isomorphs

Kristine Niss!
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By using a high pressure cell designed for simultaneous dielectric spectroscopy and neutron
scattering [1], we have studied the pressure and temperature dependent dynamics in a handful of
different glass-forming liquids including van der Waals liquids, hydrogen bonding liquids and a
room temperature ionic liquid [2-4]. Combining dielectric spectroscopy and quasielastic neutron
scattering gives access to time scales from pico- to kilosecond and make it possible to follow the
relaxation dynamics in the liquid from above the melting point and all the way down to the glass
transition. Moreover, the neutron scattering data give information on the boson peak and fast
relaxation in the deeply supercooled liquid. The data is analysed in view of the so-called isomorph
theory which predicts the existence of lines in the temperature-pressure phase diagram where
dynamics is invariant both in terms of time scale and spectral shape. Put in other words: density
scaling and isochronal superposition are predicted by isomorph theory. Isomorph theory is only
expected to hold in liquids without directional bonds, nevertheless the predictions hold to a very
large extend in all the studied liquids, particularly in the high temperature / low pressure region.

Another prediction from isomorph theory is that the structure is invariant along the isomorph.
With recent molecular dynamics and scattering experiments this prediction is also tested for an
ionic liquid [4-5] and a van der Waals bonded liquid [6].

[1] A. Sanz et al.; Review of Scientific Instruments, 89, 2018, 023904,

[2] H.W. Hansen et al.; Nature Communications, 9, 2018, 218.

[3] H.W. Hansen et al.;Journal of Chemical Physics, 149, 2018, 214503.

[4] H.W. Hansen et. al.; Physical Chemistry Chemical Physics, 22,2020, 14169.
[5]P. A. Knudsen et. al.; Journal of Chemical Physics, 155, 2021 054506.

[6] E. H. Lerup et. al. Work in progress.
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Steps towards an atomistic understanding of dielectric
relaxation processes

F. Kremer, W. K. Kipnusu and M. Frénzl

University of Leipzig

The theory of orientation polarization and dielectric relaxation was developed by P. Debye
more than 100 years ago. It is based on the coarse grained approximation of a molecule
by a sphere having one or more dipole moments. By that the specific intra- and inter-
molecular interactions are explicitly not taken into consideration. In this talk the principal
limitations of the Debye approximation are discussed. Experimental challenges and means
will be presented to overcome these restrictions and to achieve an atomistic understanding of
dielectric relaxation processes.
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Liquid-liquid phase transition in a family of ionic liquids.
Dielectric studies at ambient and elevated pressure
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When ionic liquid (IL) is cooled below the melting point, it usually enters into a supercooled state
and subsequently into a non-equilibrium amorphous phase. The characteristic feature of this
transformation is a continuous increase of density, accompanied by a slowing down of ions
mobility. Alternatively, crystallization of IL can be observed at decreasing temperature. Recently,
it has been shown that in addition to these two well-known transitions, selected ILs are capable
of unique first-order liquid-liquid transformation (LLT).

The liquid-liquid phase transitions in a family of ionic liquids will be discussed in this talk. Using
the dielectric spectroscopy we will examine the ion dynamics above and below the LLT. These
data will be compared with mechanical and calorimetric measurements. Additionally, the
isochronal character of liquid-glass and liquid-liquid transitions will be investigated at ambient
and elevated pressure.

Z. Wojnarowska et al Nat. Comm. 2022 doi.org/10.1038/s41467-022-29021-0
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Side chain length dependent dynamics and conductivity in self
assembled ion channels
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12205 Berlin, Germany

’Institute for Materials and X-Ray Physics, Hamburg University of Technology,
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We study the molecular mobility and electrical conductivity of a homologous series of linear
shaped columnar ionic liquid crystals ILCn, (n = 8, 10, 12, 14, 16) using Broadband Dielectric
Spectroscopy (BDS), Specific Heat Spectroscopy (SHS), and X-ray scattering. We aim to
understand how the alkyl chain length influences the dynamics and electric conductivity in this
system. Two dielectrically active relaxation modes are observed, the y and the dcore process, that
correspond to the localized relaxation of the alkyl chains, and cooperative motions of the aromatic
core in the columns respectively. Both the y relaxation and the ocore process slow down with
increasing alkyl chain length. SHS reveals one relaxation process, the aaiyiprocess that has similar
temperature dependence as that of the ocore process for ILC12, 14, 16 but shifts to higher
temperature for ILC8 and 10. For ILC12, 14, 16 the absolute values of DC conductivity increase
by 4 orders of magnitude at the transition from the plastic crystalline to hexagonal columnar
phase. For ILCS8, 10 the DC conductivity behavior is similar to ionic liquids, where the
conductivity is coupled with structural relaxation. Small-Angle X-ray (SAXS) investigations
reveal that both the intercolumnar distance and disorder coherence length increase with alkyl
chain length, conversely the DC conductivity decreases monotonically.
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Probing dynamics of an amorphous drug
by Dielectric Relaxation spectroscopy and MD Simulations:
effect of low concentration strongly hydrogen-bonded water
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Transformations, F-59000 Lille, France

Active Pharmaceutical Ingredients (API) are usually formulated in the crystalline state
but, over the years, the interest for the amorphous state has strongly developed. Indeed, the better
bioavailuability of the glassy state appears as a way to circumvent the solubility issue encountered
by the API of increasing complexity in the pipeline. However, the instability of this physical state
can lead to the recrystallisation of the API, which is an obvious hindrance to its use. In order to
limit this hurdle, it is important to control all parameters favoring this recrystallisation. Water is
an important one since it is well-known for fastening the main mobility of amorphous compounds
by lowering the glass transition. It can also influence, in the glassy state, more localized mobilities
(plasticization or anti-plasticization) from which effects on sub-Tg recrystallisation is still an
issue. It is all the more important to understand the mechanisms of action of water since
environmental moisture can hardly be avoided and because it can impact the dynamics even at
low water content such 1%.. Moreover, even API that are poorly soluble in water in the crystalline
state may be hygroscopic in the amorphous state and absorb water upon storage.

In the presented work, we investigate by means of complementary Dynamic Relaxation
Spectroscopy (DRS) and Molecular Dynamics simulations (MD), the impact of a low water
concentration on the dynamics of an amorphous API (of poor solubility in the crystalline state)
and we focus in particular on localised intramolecular mobilities, the microscopic origin of which
often remains unclear.

By DRS, we evidence that these residual water molecules give rise to a new secondary relaxation
mode in the glassy state. It originates through the motion of water molecules hydrogen-bonded to
API molecules and this dynamic is coupled the intramolecular motions of a flexible part of API
molecules carrying functional groups. MD computations and analyses of the hydrogen bonding
interaction (HB) allows to understand and rationalise these results. They establish that these water
molecules can be divided in two categories:

- a majority of weakly or moderately HB water molecules to API which are easily removed from
the system by usual drying process,

- a minority of much more highly HB water molecules strongly interacting with functional groups
of the API molecules, creating some kind of bridges between drug molecules. These strongly HB
water molecules localise themselves in small pockets in empty space existing between the API
molecules due to the poor packing of the glassy state and are much more difficult to remove
without a specific treatment.

This project has received financial support from the European projects Interreg 2 Seas programme
2014-2020 and the European Regional Development Fund under subsidy contracts "IMODE
2S01-059" and “Site Drug 2507-033.
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Multiple glassy dynamics of a homologous series of
triphenylene-based columnar liquid crystals — A study by
broadband dielectric spectroscopy and advanced calorimetry
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Hamburg, Germany

Hexakis(n-alkyloxy)triphenylene) (HATn) consisting of an aromatic triphenylene core and alkyl
side chains are model discotic liquid crystal (DLC) systems forming a columnar mesophase. In
the mesophase, the molecules of HATn self-assemble in columns, which has one-dimensional
high charge carrier mobility along the columns. Here, a homologous series of HATn with different
length of the alkyl chain (n=5,6,8,10,12) is investigated using differential scanning calorimetry
(DSC), broadband dielectric spectroscopy (BDS) and advanced calorimetric techniques including
fast scanning calorimetry (FSC) and specific heat spectroscopy (SHS). The investigation of the
phase behavior was done utilizing DSC experiments and the influence of the alkyl chain length
on the phase behavior was revealed. By the dielectric investigations probing the molecular
mobility, a y-relaxation due to localized fluctuations as well as two glassy dynamics the ocore- and
daikyi-relaxation were observed in the temperature range of the plastic crystalline phase. Moreover,
the observed glassy dynamics were further studied employing advanced calorimetry. All observed
relaxation processes are attributed to the possible specific molecular fluctuations and discussed
in detail. From the results a transition at around n=8 from a rigid constrained (n=5,6) to a softer
system (n=10,12) on a molecular lenght scale was revealed with increasing alkyl chain length. A
counterbalance of two competing effects of a polyethylene-like behavior of the alkyl chains in the
intercolumnar domains and self-organized confinement is discussed in the context of a hindered
glass transition.
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Conductivity mechanisms in 2-picolinium ionic liquid salts
with different alkyl chain length
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3 CeFEMA and Department of Physics, Instituto Superior Técnico, University of Lisbon, Av.
Rovisco Pais, 1, 1049-001 Lisbon, Portugal.

Ionic liquids (ILs) having bromide as anion and 2-picolinium with different alkyl side chains as
cation ([C,-2-Pic][Br] (n = 6 (hexyl), 12 (dodecyl) and 16 (hexadecyl)) were synthetized and
characterized in respect to their phase transformations and conductivity behavior. While the
lengthier ILs, [Ci2-2-Pic][Br] and [Ci6-2-Pic][Br], exhibit a smectic mesophase between the
crystalline range and the isotropic liquid, being classified as ionic liquid crystals, the shortest [Cg-
2-Pic][Br] vitrifies upon cooling, showing no liquid crystalline window. Therefore, the alkyl
chain plays a role in determining the material’s ordering and the correspondent conductivity
mechanism of this attractive class of organic salts.' For [C¢-2-Pic][Br], when the glass transition
temperature is crossed (below -60 °C), the dc conductivity plateau emerges due to long-range
diffusive charge transport mechanism. This glass transition assisted hopping mechanism gives
rise to conductivity values around 7 orders of magnitude higher than the homologous C;; and Cjs
ILs that, at sub-ambient temperatures, are in the crystalline state, however undergoing
polymorphic transitions. While for the glass former, Cs, the dc conductivity evolves with the
temperature increase according to a VFTH law, for the higher alkyl size chain ILs, an Arrhenius
temperature dependence is found, revealing a temperature assisted charge transport mechanism,
in which o’(T) trace is sensitive to the crystal-crystal and crystal-smectic transitions. Therefore,
a correlation is established between each material phase and the respective conductivity
mechanism. Moreover, Nyquist plots were constructed, appearing, at room temperature (24 °C),
as semi-circles for [Ci2-2-Pic][Br] and [Ci6-2-Pic][Br], allowing to extract the respective RC
parameters of the equivalent electric circuit. In the molten liquid state, the conductivity decreases
with the lengthening of the alkyl chain owing to a viscosity increase.’

Acknowledgments: This work was supported by the Associate Laboratory for Green Chemistry
LAQV  (UID/QUI/50006/2019), i3N  (UID/CTM/50025/2019) and  CeFEMAS
(UID/CTM/04540/2019), which are financed by national funds from FCT-MCTES and by
FEDER funds through the COMPETE 2020 Program. The authors also thank the National Funds
through FCT-MCTES and POR Lisboa 2020, under the projects numbers POCI-01-0145-
FEDER-007688, PTDC/CTM-REF/30529/2017 (NanoCell2SEC) and Action European
Topology Interdisciplinary Action (EUTOPIA CA17139). A. F. M. Santos acknowledges FCT-
MCTES for the PhD Grant (SFRH/BD/132551/2017).

I'N. Kapernaum, A. Lange, M. Ebert, M. A. Grunwald, C. Haege, S. Marino, A. Zens, A. Taubert, F.
Giesselmann and S. Laschat, ChemPlusChem. 2022, 87, 1-38.
2 M. Ebrahimi and F. Moosavi, ] Mol Liq. 2018, 250, 121-130.




September 7", 2022

Ion Transport in Polymerized Ionic Liquids
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Mixed ionic and electronic conductors are of great importance for Li-ion batteries.' Herein, the
ion transport in imidazolium based Polymerized lonic Liquids (PILs) bearing a z-conjugated
polythiophene backbone with four different side-chain lengths [z = 4, 6, 8 and 10] and seven
different counteranions ([Br] , [BF4] , [ClO4] , [PF¢] , [Picrate] , [TFSI] , and [B(Ph)4] ) were
studied.” The combination of DFT calculations with X-ray scattering and dielectric measurements
of ion conduction revealed that cation-anion complexation strongly influences the backbone
dynamics (7;) and the associated ionic conductivity. Pressure dependence of ionic conductivity
showed that ion conduction is facilitated by local anion jumps and a simple "stick and jump"
model can account for the enhanced ion conductivity for anions with intermediate size.

In the second part, diblock copolymer electrolytes based on a z-conjugated polyfluorene
(PF) backbone were synthesized comprising nanodomains of a PIL and of a solid polymer
electrolyte (SPE).? The former consists of an imidazolium PIL with a [Br] counteranion and the
latter of short EO chains doped with LiTFSI. The two nanophases support ionic conductivity,
whereas the rigid PF backbone provides the required mechanical stability. Ionic conductivity
measurements performed as a function of pressure identified local jumps of [Li]" and [Br] ions
in the respective SPE/PIL nanophases as responsible for the ionic conductivity. Between the two
ions, it is [Li]" that has the major contribution to the ionic conductivity.

Acknowledgements

This project was supported by H.F.R.I Research Project to Support Faculty Members and
Researchers, co-financed by the European Investment Bank. Project 183. "Polymer Dynamics
under 2D Confinement (POLYCONF)".

[1] Patel, S. N.; Javier, A. E.; Stone, G. M.; Mullin, S. A.; Balsara, N. P. Simultaneous Electronic and Ionic
Conduction in a Block Copolymer: Applications in Lithium Battery Electrodes. Angew. Chem., Int. Ed.
2011, 50, 9848-9851.

[2] Pipertzis, A.; Papamokos, G.; Muhlinghaus, M.; Mezger, M.; Scherf, U.; Floudas, G. What Determines
the Glass Temperature and dc-Conductivity in Imidazolium — Polymerized lonic Liquids with a
Polythiophene Backbone? Macromolecules 2020, 53, 3535-3550.

[3] Pipertzis, A.; Papamokos, G.; Sachnik, O.; Allard, S.; Scherf, U.; Floudas, G. Ionic Conductivity in
Polyfluorene-Based Diblock Copolymers Comprising Nanodomains of a Polymerized lonic Liquid and a
Solid Polymer Electrolyte Doped with LiTFSI. Macromolecules 2021, 54, 4257-4268.
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Polymerized ionic liquids: Correlation of ionic conductivity
with nanoscale morphology and counterion volume
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Polymerized ionic liquids (PILs) combine the attractive mechanical characteristics of polymers
and unique physico-chemical properties of low molecular weight ionic liquids in the same
material [1, 2, 3]. PILs have shown remarkable advantages when employed in electrochemical
devices such as dye-sensitized solar cells and lithium batteries, among others. Understanding their
ionic transport mechanism is the key for designing highly conductive PILs. In the current study,
the correlation between morphology and charge transport in a homologous series of PILs with
systematic variation of the anions is investigated using broadband dielectric spectroscopy,
rheology, differential scanning calorimetry and X-ray scattering. As the volume of the counterions
increases, the pedant-to-pedant separation increases, and ionic conductivity consequently
decreases. The cations dominate structural dynamics since they are attached to the polymer
chains, while the counterions are smaller and more mobile ionic species thereby controlling the
ionic conductivity. Further interpretation of decoupling of ionic conductivity from the segmental
relaxation enabled the correlation between polymer morphology and ionic conductivity. This
study underscores the need for smaller counterions to obtain polymer electrolytes with higher
ionic conductivity and decoupling index.

Acknowledgements:

” This work was supported by a grant of the Romanian Ministry of Education and Research,
CNCS - UEFISCDI, project number PN-III-P1-1.1-TE-2019-1734, within PNCDI III, project PN
19110204 and by the Romanian National Authority for Scientific Research and Innovation,
CCCDI — UEFISCDI, project number ERANET-M-SMICE-Li, within PNCDI III”.

1. C.Tacob, A. Matsumoto, H. Liu, S. Paddison, J. Sangoro, O. Urakawa, T. Inoue and J. Runt. Polymerized
Ionic Liquids: Correlation of Ionic Conductivity with Nanoscale Morphology. ACS Macro Letters, 2017,
6,9, 941-946.

2. C. Tacob and J. Runt, Charge transport of polyester ether ionomers in unidirectional silica nanopores,
ACS Macro Letters, 2016, 5, 476-480.
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2019, 52, 2759-2771.
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High-pressure dielectric studies as a key for understanding
the dynamics of ionic glass-formers’
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In this talk, the transport properties of several functionalized ionic glass formers are studied over
an exceptionally wide temperature and pressure range by using ambient and high-pressure
dielectric measurements. These studies enable us to address the fundamental problems regarding
the effect of molecular packing on the transport properties of ionic systems in both liquid and
glassy states. We established, in a wide thermodynamic space, a universal thermodynamic scaling
behavior of entropy and conductivity in these systems with dominated electrostatic interactions,
and a direct connection between thermodynamic and dynamic properties of ionic glass formers
was found. Additionally, we found that the ion dynamics of polymerized ionic liquids at elevated
pressure conditions can be understood through the free-volume theory. The proposed free-volume
model is in good agreement with the experimental data. Finally, a pressure-induced liquid-liquid
phase transition in a series of ionic liquids was presented. By monitoring the relaxation dynamics
under high-pressure conditions, we addressed the long-standing questions regarding the effect of
compression on the transition and density fluctuations at the transition temperature.

“The authors are deeply grateful for the financial support by the National Science Centre
within the framework of the Opus15 project (grant nr DEC- 2018/29/B/ST3/00889)
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Towards dynamics measurements of individualized
macromolecules
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Detailed insight into the dynamics and other functionalities of synthetic polymers on the
molecular level is highly desired in advancing nano-technology, however often it can be
technically challenging. We investigate the dynamics in individualized polymeric chains
by means of broadband dielectric spectroscopy. This method has revealed altered dynamics
under conditions of spatial confinement in the past but there is no detailed information
about the extent in which the properties of the material change as a result of individualizing
the polymer chains. In order to address samples of such small scale, a nano-dielectric
spectroscopy is developed by refining a nanostructured electrode setup combined with a
procedure of chemical surface modification. The latter involves the deposition of a very regular
pattern of gold nanoparticles (AuNPs) of well-controllable size and separation on the
nanometer scale. These AuNPs act as anchors for the chemical grafting of end-
functionalized polymers (e.g. thiol terminated PEO). To determine the (average) number
and conformation of chains grafted to each AuNP, their volume and shape are characterized
by AFM.
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Aqueous suspension of non-ionic poly (N-isopropylacrylamide) microgel particles were prepared
by one pot free radical precipitation polymerization technique. About 10 wt.% of PNIPAM
microgels, dispersed in heavy water was used for the dielectric measurements in the frequency
range of 0.1 GHz to 50 GHz and temperature between 288 K to 323 K. The relaxation process
observed at around 16-18 GHz (h-process) was fitted well with single Debye equation, which
corresponds to the overall rotational motion of the heavy water inclusive of that residing within
and outside the microgel. Further, based on the assumption of the two water model and their
contribution, heavy water outside the microgel (hl with its relaxation time of [y fixed as
relaxation time of heavy water) and confined heavy water within the microgel (h2 with its
relaxation time of [Ip,), was evaluated in the high frequency relaxation spectrum (Figure 1). At
any temperature, irrespective of VPTT, [y, is only 1.4-1.8 larger than [, which implies that the
dynamics of heavy water is not significantly constrained inside the microgel particle even in the
collapsed state of the PNIPAM microgel. Also there is no apparent change in the dielectric
parameters observed before and after VPTT. Temperature dependence of relaxation time follows
a single Arrhenius behaviour with an activation energy of 17.52 kJ/mol and 13.26 kJ/mol for h1l
and h2 process respectively. The obtained results are compared with the dynamics of water in
PNIPAM microgels' in order to understand the effect of isotopic substitution on the dynamics.

9
Log [f(Hz)]

Figure 1: Complex dielectric permittivity spectra and the hl and h2 relaxation process of
10wt.% PNIPAM microgel dispersed in heavy water at 298 K.

1. Dynamics of the Poly(N-Isopropylacrylamide) Microgel Aqueous Suspension Investigated by Dielectric
Relaxation Spectroscopy, Balachandar Vijayakumar, Masanobu Takatsuka, Rio Kita, Naoki Shinyashiki,
Shin Yagihara, and Sampathkumar Rathinasabapathy, Macromolecules, 55, 4 (2022) 1218-1229.
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Interactions of water molecules with organic and inorganic materials hydration centres
and how interfaces affect water’s dynamics, structure, and properties, especially in confinement,
is still one of the most intriguing questions of Soft Condensed Matter Physics'*. The low
temperature crossover, observed in the relaxation map of hydration water in confinement, attracts
special attention because of its unique position in the vicinity of 180K for a very broad class of
materials. This unclear phenomenon gives the motivation of current research to study the
dynamics and structure of water in the most primitive well-defined hard confinement.

Broadband dielectric spectroscopy (BDS) in combination with nuclear magnetic
resonance (NMR) and differential scanning calorimetry (DSC) are powerful techniques to
investigate the properties of confined water and to assess the molecular dynamics on various time
and length scales. Porous borosilicate inorganic glasses (hard-rigid confinement) with silica gel
globules inside the pores (hard-soft confinement) were studied in the current research to clarify
the mechanism of the water dynamic crossover.
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The Glass Transition Temperature (T,) is one of the key properties of interest when developing
brand-new materials. It is associated with a sudden change of the dynamic properties of a
compound, concerning in particular its relaxation time. Broadband Dielectric Spectroscopy
(BDS) is the most extended technique to measure the relaxation time of a compound, by
perturbating the system on a wide range of frequencies. Although this characterization is only
possible after synthesizing the new materials, recent advances in the computational calculus, in
particular Quantitative Structure—Property Relationship models (QSPRs), are becoming valid
tools in the estimation of the physical properties of new materials. In this work, we propose a
QSPR approach with the aim of estimating the a-relaxation dynamics of molecular glass-formers
only based on their chemical structure. Firstly, we predict the Tyof the compound using a Fully
Connected Network trained with a Simplified Molecular Input Line Entry System representation
of the molecules. Then, we use the predicted value of the T, as the input value for the Elastic
Collective Non-linear Langevin Equation, which outputs the estimated a-relaxation dynamics of
the compound. Finally, we validate our method by comparing the predicted results with
experimental BDS measurements. We believe that this approach is a powerful tool in the design
of new materials, as it allows not only to predict a physical property, but also to estimate a
meaningful sector of the relaxation map even before the synthesis of a new material, saving
financial and time resources.
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The dynamics of a series of cis-1,4-polyisoprene stars located inside nanoporous alumina was
investigated as a function of functionality, £, (2 < f < 64), arm molar mass, M (2.6 <M < 13.5
kg'mol™) and degree of confinement (0.01 < 2R,/d < 0.6; R, is the radius of gyration and, d, is
the pore diameter) by dielectric spectroscopy.' In the bulk, dielectric spectroscopy revealed
broadening of the chain modes with increasing functionality. In addition, a slower dielectric
process was found in the vicinity of the soft-colloidal process identified earlier by rheology. The
latter associates with the cooperative reorganization of the stars and involves rotational and
translational motions. The effect of confinement on the dynamics of stars was stronger than for
linear chains.>* First, the dielectric strength of the normal modes was reduced in the stars and,
second, the chain dynamics were slower. The reduced dielectric strength was employed as a
measure of the thickness of the interfacial layer. Based on the dielectric strength, we can account
for possible arm star configurations in the vicinity of the pore walls. The slower chain dynamics
reflect the increased entanglement density due to extra topological constraints imposed by the
adsorbed arms near the pore walls.* Functionalization of the pore walls restored partially the
dielectric strength of the chain modes. Overall, star-shaped polymers are more prone to adsorption
effects when confined in nanopores as compared to linear chains.
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Several alcohols show a distinct behaviour in the low frequency range of their dielectric (BDS)
and mechanical responses believed to be due to supramolecular, hydrogen-bonded structures. We
present the results of a systematic study of the dielectric and shear rheological response of 1-, 2-
and 3-phenyl-1-propanol and compare to other monoalcohols, including 1-propanol. The
phenylpropanols show a simpler behaviour in the mechanical response, and only slight changes
between the three compounds, in contrast to a greater difference between phenylpropanols in BDS
spectra [1].

These findings indicate that any supermolecular structures forming in the phenylalcohols are short
lived as opposed to systems like 2-ethyl-1-hexanol [2], which show polymer-like spectral
contributions. We interpret this as a sign that transient structures only have a minor effect on the
shear mechanical response, even if they are dominant in the dielectric spectroscopy.

The remarkable similarity of the spectral shape across the different alcohols is reminiscent of
results from light scattering (PCS) experiments, where a general shape of the o relaxation is seen
[3]. This supports the idea that the a relaxation is mainly driven by the same underlying physics
in PCS and shear rheology, namely a molecular self-correlation function, in contrast with the
dielectric signals that are dominated by h-bonded networks and molecular cross-correlation
functions.
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Although crystallization of polymers has been investigated since decades, it is not yet fully
understood. One way to gain more insight is to study the difference between bulk polymer and
confined polymer chains with focus on how crystallization characteristics change depending on
the size and type of confinement. Until now, most studies have used confinement in thin films or
nanopores but the approach to study crystallization and aggregation in individual chains was
accessible only to computer simulations.

Since detection of phase transitions in individual polymer chains poses a severe challenge to most
experimental methods, the measurement of ensembles of individual chains is desirable. However,
maintaining the individual character requires a sophisticated method to separate them. Here, we
use block copolymer micelle lithography (BCML) to deposit a regular pattern of well-separated
gold nanodots on a silicon substrate to chemically graft end-functionalized polymer chains on
these nanodots to individualize them. Instead of common thermodynamic methods (which require
considerably more sample material), we employ dielectric spectroscopy using a nanostructured
electrode arrangement since it is much more sensitive. Albeit being typically considered a
dynamics method, it also allows to examine density changes and thus phase transitions of
polymers.
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In this work we present the results of a study of the relaxation phenomena associated to
the melting and crystallization of semicrystalline polymers. In our work, we investigated
the dielectric relaxation between 1Hz and 1 MHz of ultrathin films poly(ethylene oxide)
(PEO) between room temperature and 75° C, that is about 15 K above the nominal melting
point. The dielectric characterization carried out on samples of different thickness
provides a way to discriminate between genuine molecular processes and other
polarization contributions, which may mask other intrinsic relaxation dynamics. Thin
films of thickness ranging between ~15 and ~100 nm were characterized both in
temperature scan and isothermal conditions. The melting and crystallization temperatures
were evaluated considering the temperature dependence of the dielectric constant
measured at high frequencies.

The results show the occurrence of a Slow Arrhenius Process (SAP) in the liquid state[ 1],
which in our work seems affected by the contribution of adsorbed layers [2]. In addition
to that, we were also able to identify another contribution to the dielectric losses arising
from polarization effects taking place between the crystalline lamellae in solid state
(MWS relaxation). This phenomenon persisted in liquid state as a polarization between
the adsorbed layers at the electrodes’ interface follows the same dynamics as the SAP.
The concerned molecular dynamics and polarization processes were discussed
considering their dependence on film thickness, temperature, and annealing time.

[1] Z. Song, C. Rodriguez-tinoco, A. Mathew, S. Napolitano, Fast equilibration mechanisms in
disordered materials mediated by slow liquid dynamics, (2022) 1-8.
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We have performed broadband, dielectric spectroscopy on three lithium-salt-based deep eutectic
solvents (DESs), where the only cations are Li+, covering a broad frequency and temperature
range, the latter extending from the
low-viscosity liquid around room
temperature down to the glassy
state. We observe a relaxational
process that can be ascribed to
dipolar reorientational dynamics
and exhibits the clear signatures of
glassy freezing. The presented
spectra on the right are obtained
for a eutectic mixture of LiOTf and
glycerol. In addition to non-
intrinsic electrode effects, they
display a clear relaxational
contribution, as is highlighted for
the 240 K curve by a black, dotted
line. Furthermore, we find that the
temperature dependence of the
ionic dc conductivity and its room-
temperature  value are also
governed by the glassy dynamics
of these systems, depending, e.g., ~ 'Y [.ssacescseas BRET AR  Saie e 24D
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Additionally, we analyzed a range of DESs composed of choline chloride and a carboxylic acid
(e.g., maline, for which a relatively high room-temperature conductivity was reported”) using
broadband dielectric spectroscopy. The nature of the observed dynamic processes, as well as the
evidence for and strength of their coupling are compared to previously investigated choline-
chloride-based DESs, ! taking the effect of the presence of water in the solvents into account.
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An achievement in recent years has been the synthesis of macromolecules with the ability to
mimic the structure and dynamics of proteins. In this respect, synthetic polypeptides play a vital
role in biomedical science because of their exceptional similarity to proteins. Poly(y-benzyl-L-
glutamate) (PBLG), a model rigid-rod polymer,'* and its copolymer with poly(isobutylene) (PIB)
are studied in the bulk and under nanometer confinement in pores with emphasis on the self-
assembly and dynamics, respectively, with X-ray diffraction, *C-NMR and with dielectric
spectroscopy, differential scanning calorimetry.* PBLG segments located within the a-helical and
amorphous regions have distinct dielectric fingerprints. We have analyzed the dielectric signal
from the segmental and from the helical segments to show that the a-helices are short, and
furthermore, interrupted by amorphous segments. The effect of confinement is two-fold: First, to
speed-up the segmental process, and second, to destabilize - in part - the secondary structure. The
block copolymer architecture combined with confinement further destabilizes the a-helical
secondary structure by introducing phase mixing. The results on the synthetic polypeptide
demonstrate that both the chain configurations and the associated dynamic processes are affected
when PBLG chains are confined within narrow pores. These results could pave the way for a
better understanding of the behavior of more complex proteins in confined space.
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In recent years, the use of the broadband dielectric spectroscopie (BDS) with a controlled
atmosphere under pressure contributes additional constraint to the macromolecule mobility. This
technique allows to contrast the different theorical approaches of the glass transition with physical
values such as the activation volume of isochoric fragility, thanks to the contribution of pressure.
Moreover, this technique gives access to the evolution of the cooperatively rearranging region
(CRR) size as a function of the temperature under several isobaric conditions.

The present study compares the response of segmental relaxation times of three amorphous
thermoplastic polymers widely used in the packaging industry: poly(lactide acid) PLA,
poly(ethylene terephthalate glycol) PETg and poly(vinyl acetate) PVAc. These polymers are
studied by BDS at pressures up to 600 MPa, and for temperatures scale from -30 up to 120°C.
The results clearly show the confrontation of the thermal and volumetric contributions on the
relaxation time through the variation of the segmental relaxation peaks in the response of the
imaginary permittivity. The impacts of the temperature and pressure on the relaxation times are
approximated by a VFT and a VFT-like laws respectively. In this way, the contribution of pressure
acts on the glass transition temperature. This last one varies of approximately 20°C for a variation
of 100 MPa. In order to evaluate precisely these phenomena, fragility indicators obtained at
constant pressure or volume enable to analyse the temperature dependence of structural
relaxations. The material volume is calculated from the Tait equation [1] to determine the
isochoric fragility. In addition, these results are correlated to another method [2] to obtain
isochoric fragility without knowing the exact volume of the material, which is sometimes difficult
to determine. Finally, by using the Donth’s approach [3-5], the evolution of the CRR size can be
followed as a function of pressure.
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Although the first-order liquid-liquid phase transition (LLT) phenomenon has been reported to
exist in various systems (i.e., phosphorus, silicon, water, triphenyl phosphite, etc.), it is still one
of the most challenging problems in the field of liquid science. Recently, we found that the LLT
phenomenon also exists in the family of trihexyl(tetradecyl)phosphonium (Pesss,14") based ionic
liquids with small sizes of anions (Wojnarowska, Z., Cheng, S., Yao, B.et al Nat
Commun 13, 1342, 2022). To better understand the structure-property relationships governing
LLT, we use dielectric spectroscopy at ambient and elevated pressures to monitor the ion
dynamics of Pess 14" based ionic liquids with bigger sizes of anions over a wide temperature range.
Our results suggest that their conductivity relaxation times (z,) display the regular behavior of
most ionic liquids, and their distribution obeys the time-temperature superposition (TTS) rule.
However, the Stickel operator analysis for the tested system with relatively small anions exhibits
similar anomalous behavior to ionic liquid with hidden LLT. The viscosity measurements also
proved these results. Moreover, our high-pressure studies have shown that the sample with hidden
LLT has relatively strong pressure sensitivity compared to the one without LLT. The z,(P), dT/dP
coefficient, and activation volume V* were found to be the same. Finally, we discuss the pressure
dependence of the fragility (mp) for studied ionic liquids by using the Avramov model.
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Water is the basis of social and economic development; it is vital to every human being; it is
essential for growing food, health, and safety. Moreover, water is related to the economic vitality
of our society, and, at present, there is no substitute for water on the earth's crust. However, water
on the planet is under pressure because of population growth (we need more and more water to
produce food), the overexploitation of freshwater resources used in different industries, and
climate change.

In addition, contamination is observed in almost all sources of available water bodies. A
fundamental environmental challenge posed by water contamination is the presence of emerging
contaminants (such as pharmaceutical products, industrial chemicals, heavy metals and
metalloids, and pesticides), which reduce drinking water quality drastically.

Contaminated water can be remediated or cleaned to some extent for its reuse. In recent years,
different methods for cleaning water have been explored, such as chemical precipitation, ion
exchange, electrodeposition, filtration, or photocatalysis'?. However, adsorption seems to be the
cheapest, reusable, and easily scalable industry method for water remediation.

We have developed a new generation of pectin-based hydrogels to remove heavy metals and
pharmaceuticals from contaminated water through adsorption. Adsorption occurs when a
contaminant molecule in water binds to the surface of the hydrogel®. Studying the adsorbed water
inside the hydrogel is one of the factors to consider that will help to increase the efficiency of the
water remediation.

In this work, we apply Broadband Dielectric Spectroscopy (BDS) combined with X-Ray
Diffraction (XDR) to characterize our pectin-based hydrogel with different humidity levels (0 -
32 wt%). By XRD, we determined that dry hydrogel loses part of its crystalline structure during
hydration. On the other hand, dielectric results on hydrated hydrogels show two main processes,
one corresponding to water absorption and the other to pectin B-relaxation. For high humidity
levels, i.e., 32 wt%, the relaxation times of the water process are similar to that for water in MCM-
41*. Our results suggest that the remaining crystalline part of our hydrated pectin-based hydrogel
forms pores similar to rigid confinements.
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Broadband dielectric spectroscopy (BDS) is a powerful tool to characterize liquid dynamics over
very broad frequency and temperature ranges. However, the interpretation of the dielectric spectra
is often challenging in applications to confined and mixed liquids. For example, the assignment
of the relaxations to the components may be challenging, conductivity contributions may
interfere, and it is usually not straightforward to discriminate between processes from molecular
dynamics and internal polarization in heterogeneous media. Therefore, it is highly desirable to
complement BDS approaches to liquid dynamics in confinements and mixtures by other suitable
experimental and computation studies.

It is well established that nuclear magnetic resonance (NMR) methods are capable of providing
component-selective information, which is free of unwanted polarization and conductivity effects.
In particular, NMR field-cycling relaxometry, possibly supplemented by isotope labeling
strategies, is very useful because it directly yields dynamical susceptibilities of defined system
components over broad dynamic ranges for comparison with the dielectric spectra [1].
Furthermore, MD simulations are meanwhile able to handle chemically realistic and sufficiently
large models for reasonably long times and, hence, to yield unrivaled details of the motional
behaviors [1]. For example, such computational approaches allow us to quantify the cross-term
contributions to the dielectric spectra [2] or to determine the gradients of the molecular mobility
across a confinement [3].

Here, we combine BDS studies with NMR experiments, including field-cycling relaxometry, and
MD simulations to obtain comprehensive insights into the dynamics of confined and mixed
liquids. Specifically, we apply such combined approach to hydrogen-bonded liquids [4,5],
particularly water [6], in various types of confinements and in mixtures with proteins or peptides
[7,8]. In this way, we determine the effects of severe confinements and/or partial crystallization
on the glassy slowdown of pure [4,6] and mixed [5] hydrogen-boned liquids, in particular, on the
noteworthy dynamical crossovers in the case of supercooled water [6]. Moreover, we analyze the
dynamical couplings between these liquids and dissolved proteins [7] or peptides [8], which form
the basis for biological functions.
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Effects caused by nanoconfinement can be reduced or even eliminates with time. Thus, the glass
transition dynamics of the nanopores-confined system are strongly non-equilibrium. Faster
molecular mobility observed in confined geometry slows down with time, and it is possible to
recover the relaxation times characteristic of the bulk sample. By reducing the pore diameter and
lowering the annealing temperature below the glass transition temperature of the interfacial layer,
the equilibration time increases.' In this lecture, we would like to draw attention to the influence
of the polymer chain length on the equilibration phenomena in anodic aluminium oxide (AAO)
nanoporous matrix. In this study, we have used poly (phenylmethyl siloxane) with high and low
molecular weight. We have found that the molecular weight significantly influences the time
necessary for rearrangement and approaching denser packing of the polymer chains in nanopores.
The influence of polymer chain length on the relationship between the equilibration kinetics time
constant and the characteristic time of the viscous flow in the cylindrical channels was also
investigated.

[1] K. Adrjanowicz, M. Paluch, Discharge of the Nanopore Confinement Effect on the Glass
Transition Dynamics via Viscous Flow, Phys. Rev. Lett. 122 (2019) 176101.
https://doi.org/10.1103/PhysRevLett.122.176101.
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Cocrystals are molecular solids that are neutral crystalline single-phase materials composed of
two or more different molecular compounds associated via weak supramolecular interactions such
as van der Waals, hydrogen, halogen or n-m stacking. Cocrystals have shown a considerable
increase of interest in recent years due to their possibility to improve many properties of
pharmaceuticals (API) such as aqueous solubility, dissolution rate, hygroscopicity bioavailability,
or mechanical properties.

In this work, we aim to demonstrate that cocrystals may offer a new type of interesting
confinement environments including the possibilitty to investigate rotational and translational
dynamics in a true nanometric size channel-like architecture. Some results will be presented based
on complementary Broadband Dielectric Spectroscopy, Powder X-ray Diffraction and 'H-">C
CP/MAS solid-state NMR experiments combined with Molecular Dynamics simulations.

0.06 T T T r T T .

0.04 -

L
o % &." g 2% g o
¥ 8 ool 00l
0.02 4 L] » ¥ n” p .\.‘i - ,-\o L 19N
. . PLF o | a ® ey q

Figure 1. Left-hand: Snapshot of the cocrystal channel-like structure with coformer molecules
inside the channels made by the API. Right-hand: Temperature dependence of the cocrystal
dielectric loss.
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A New Approach to an Old Idea
Understanding the Frohlich B(7) Function
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In 1949 Herbert Froelich published the Theory of Dielectrics'. While it is a relatively slim volume,
it is widely regarded as one of the fundamental theoretical texts in the science of dielectrics. One
of the more thorny subjects he covered was the meaning of the dielectric strength and its
relationship to dipole correlation within the material. His conclusion was a reworking of ideas
first put forward by Onsager” and Kirkword®. It was condensed into a function, commonly called
the B(T) function, that linked the macroscopic parameters of a dielectric relaxation to the
microscopic state of the dipole-dipole interaction, responsible for that relaxation. While elegant,
the final equation could be related to correlated, uncorrelated or anti-correlated dipoles only, in
terms of an averaged angle, <6>, such that <m-m> ~1+ z<cosf>, where <m-m> is the ensemble
averaged scalar multiplication of the dipole moments and z is the number of nearest neighbours.
We present a new derivation of the B(7) function based on the concepts of a correlation length,
rather than relative dipole-dipole directions. Using this idea, we show that B(7) function actually
presents population distributions of dipole moments, each within its own correlation
radius. These lengths can then be used to define one of the less tangible concepts in dielectric
physics, namely the mesoscale. The paper will show some examples in complex systems of the
approach and discuss the implication of the new approach compared to the traditional view.

! Frohlich, H. Theory of Dielectrics: Dielectric Constant and Dielectric Loss. (Oxford University Press,
USA, 1987).

2 Onsager, L. Electric Moments of Molecules in Liquids. J. Am. Chem. Soc. 58, 14861493 (1936).

3 Kirkwood, J. G. On the Theory of Dielectric Polarization. J. Chem. Phys. 4, 592-601 (1936).
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In recent years, electrospun fibers as drug delivery systems have been the subject of great interest
due to their high surface area, adjustable morphology, and diameter of fibers. The advantage of
drug-loaded fibers is the ability to control drug release by the composition and structure of fibers.
These studies deal with polycaprolactone (PCL) fibers containing different weight percentage
values of ornidazole (ORN). ORN shows the glass transition at a much higher temperature
(Te=277 K) than PCL (7,=209 K ). PCL/ORN fibers behave like miscible blends, and only one
glass transition depending on drug concentration in the system is revealed by Differential
Scanning Calorimetry (DSC) measurements. Three relaxation processes are found for PCL/ORN
fibers by broadband dielectric spectroscopy (BDS): i) the a-relaxation process due to fluctuation
of PCL segments, ii) the secondary B-relaxation of PCL, iii) the slow relaxation process at high
temperatures originating from constrained ORN molecules. The B-relaxation of the PCL
component is not affected by the presence of ORN molecules, whereas the two other
processes are sensitive to the composition. In this contribution, we will discuss the impact
of ORN content on the glass transition temperature and molecular dynamics of PCL/ORN
fibers. Finally, we will present the kinetics of drug release from fibers monitored by UV-
vis measurements.
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Polyesters are used in several domains of the industry for packaging applications mainly. Since
decades for polyesters family, poly (ethylene terephthalate) (PET) represents a reference material
for the packaging industry, especially when food contact and barrier properties are absolutely
essential. Several attempts to replace PET with other biosourced polyesters that are compostable
(poly(lactic acid) (PLA)) or even biodegradable in a natural environment (polyhydroxyalkanoates
(PHA)) have not produced the expected results. One of the reasons for the drawbacks of these
biopolymers is related to their relative brittleness compared to industrial polyesters. Several
strategies have been employed to try the bring solutions for these biopolyesters at different levels
from chemistry, formulation and processing.

PLA lack of ductility is predominant in amorphous material and during thermal crystallization is
accompanied by faulty barrier properties related to large amounts of defective rigid amorphous
fraction (RAF) at the interface between mobile amorphous fractions (MAF) and crystallites. To
reduce this problem plasticization strategy has been employed to enhance molecular mobility and
reduce brittleness using the addition of small plasticizing molecules [1] or using PLA oligomers
[2].

PHA main issue is related to its progressive embrittlement during room temperature storage just
after processing during cold crystallization. The understanding of the embrittlement process was
a key point [3] that led in a second time to propose a chemistry and processing strategy, in order
to investigate molecular mobility in modified PHAs with the goal to reduce crystallization ability.
The development of poly(ethylene 2,5-furandicarboxylate) (2,5-PEF) brought on the market one
of the most credible biobased alternative to poly (ethylene terephthalate) (PET). Chemistry and
copolymerisation strategies have been used to obtain a family of furan-based biopolymers with
adjusted physical properties, glass transition temperatures and ability to crystallize [4].

On these very different biopolyesters, the study of molecular mobility and microstructures at
different levels from very local fluctuations to segmental relaxation gave rise to the identification
of the complexity and the heterogeneity of the biopolymers. The molecular mobility was
investigated by cross-comparing the results obtained by advanced calorimetry techniques (FSC
and MT-DSC), Dielectric Relaxation Spectroscopy (DRS) and Thermo-Stimulated
Depolarization Currents (TSDC), with the aim of evaluating the local and segmental molecular
mobilities. The time dependent evolutions of these biopolymers, due to crystallization, required
the use of very strict thermal protocols in order identify the dramatic evolution from amorphous
state to very complex semi-crystalline heterogenous materials. Molecular mobility analyzes in
these semi-crystalline biopolymers appears to be a great challenge.

1 Araujo, S.; Delpouve, N.; Domenek, S.; Guinault, A. et al. Macromolecules 2019, 52 (16), 6107
2 Moghaddam, S. M.; Quelennec, B.; Delpouve, N.; Atawa, B.; Delbreilh, L.; Saiter—Fourcin, A.;
Passaglia, E.; Fiori, S. Journal of Polymer Science 2021, 59 (14), 1571-1577.

3 Esposito, A.; Delpouve, N.; Causin, V.; Dhotel, A.; Delbreilh, L.et al.. Macromolecules 2016, 49
(13), 4850

4, Bourdet, A.; Araujo, S.; Thiyagarajan, S.; Delbreilh, L.; Esposito, A.; Dargent, E. Polymer 2021,
213, 123225.
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In this work, we focus our attention on the influence of water absorption on the [1-relaxation of
an epoxy network. The fine analysis of this molecular mobility is made possible by an
experimental setup (developed in the lab) able to perform dielectric measurements while the
sample is kept in immersion at a controlled, fixed temperature [1].

The most striking feature in these results is the observation of a theoretically anticipated — yet
rarely observed — crossover from a Vogel-Fulcher-Tammann to an Arrhenius dependence of the
o-relaxation times as the epoxy is cooled below its glass transition temperature (Figure 1).
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Figure 1 — VFT-Arrhenius crossover observed by means of
isothermal dielectric measurements in constant immersion.

The idea that such a crossover is the direct manifestation of the slowing down of the segmental
dynamics, although seducing, appears too simple. Indeed, complementary experimental analyses
performed in various hydration states (namely, broadband dielectric spectroscopy, differential
scanning calorimetry, thermally-stimulated currents) show that the VFT-Arrhenius crossover is
accompanied by a decrease in the amplitude of the [J-relaxation and a localization of the
molecular mobility as a result of water absorption. Based on these experimental results and the
literature reporting similar observations, we propose three hypotheses for the physical origin of
this crossover [2], including a “confinement-like” effect due to water saturation [3]. We believe
that studying deeply plasticized polymers with this setup casts a new light on the molecular
dynamics involved in the glass transition.

[1] A. Roggero, N. Caussé, E. Dantras, L. Villareal, A. Santos, N. Pébére, Electrochim. Acta. 305 (2019)
116-124.

[2] A. Roggero, N. Caussé, N. Pébére, E. Dantras, Polymer. 241 (2022) 124542.

[3] S. Cerveny, A. Alegria, J. Colmenero, Phys. Rev. E. 77 (2008) 1-5.
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Poly(alkylene 2,5-furanoate)s, (PAF)s, are fully biobased homopolyesters based on 2,5-
furandicarboxylic acid that have recently emerged as promising alternative to petroleum based
poly(alkylene terephthalate)s. In addition to a lower production carbon footprint poly(alkylene
2,5-furanoate)s have received significant attention due to their outstanding gas barrier properties
in comparison to traditional poly aromatic esters [1]. The influence of chain dynamics on barrier
properties has also devoted some attention. Dielectric spectroscopy experiments performed in
poly(trimethylene 2,5-furanoate) revealed that the subambient relaxation, below its glass
transition temperature, exhibited an inhibition of the mode corresponding to the ester oxygen
linked to the aliphatic subunit which efficiently relaxes in the poly(trimethylene terephthalate)
counterpart [2]. Fourier Transform Infrared (FT-IR) spectroscopy can provide precise information
of intra-molecular motions at the molecular level [3]. By evaluating the vibrational frequencies
and the corresponding oscillator, strength from the IR spectra information about the intra-
molecular dynamics can be available. In this study, we present a combined IR spectroscopy and
BDS study focused on the sub-glass temperature molecular dynamics of poly(trimethylene 2,5-
furanoate) in comparison to that of poly(trimethylene terephthalate) in order to shed light on the
influence the dynamics on the barrier properties of Poly(alkylene 2,5-furanoate)s.

[1]Guidotti, G.; Soccio, M.; Cruz Garcia-Gutierrez, M.; Ezquerra, T.; Siracusa, V.; Gutierrez-Fernandez,
E.; Munari, A.; Lotti, N. ACS Sustainable Chemistry & Engineering 2020, 8 (25), 9558-9568.

[2] Genovese, L.; Soccio, M.; Lotti, N.; Munari, A.; Szymczyk, A.; Paszkiewicz, S.; Linares, A.; Nogales,
A.; Ezquerra, T. A. Physical Chemistry Chemical Physics 2018, 20 (23), 15696-15706.

[3] Kossack, W.; Schulz, M.; Thurn-Albrecht, T.; Reinmuth, J.; Skokow, V.; Kremer, F. Soft Matter 2017,
13 (48),9211-9219.
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In order to cut down the explotation of the limited fossil sources and reduce the environmental
impact of plastic materials, both the academic and industrial communities are heavily engaged in
the development of biopolymers, i.e. materials produced from renewable resources and/or
biodegradable.

2,5-furandicarboxylic acid (FDCA) displays a large potential as green monomer [1] for the
synthesis of new polyesters with outstanding mechanical and gas barrier properties, thus able to
replace the currently used petroleum-derived ones. 1,4-cyclohexanedicarboxylic acid (CHDA), is
another monomer potentially derived from renewable resources [2], whose polyesters proved to
be biodegradable [3]. From the chemical point of view, the furan moiety of FDCA is an aromatic
ring fixed in its planar conformation, while in tha case of CHDA the presence of an aliphatic
saturated ring permits conformational isomerism, not possible for the aromatic one [3]. Moreover,
the presence of an oxygen atom in the furan ring enables the increase of polar inter-chain
interactions. Both FDCA and CHDA can be combined with different linear glycols characterized
by different number of methylene groups as well as with glycols containing side branches. In this
view, several polyesters have been synthesized by two-step melt polycondensation and the
structure-dynamics relationship has been investigated by means of broadband dielectric
spectroscopy (BDS), focusing on the sub-glass relaxations. BDS analysis evidences chemical
structure, specifically bond length and angle and polarity of the repeating unit, has a direct effect
on the local and segmental dynamics. As concern the subglass temperature region at which the 3
process is located, the relaxation time position, as well as the intensity and the multiplicity of the
relaxation process directly depend on the ring nature.

The results also confirm an ad-hoc chemical modification is a powerful tool to properly tune the
crystallization capability and kinetics, allowing the detection of relaxation processes otherwise
not detectable.

BDS reveals also to be a very useful technique, complementary to diffractometric ones, to shed
light on the macromolecular arrangements established in the polymer matrix that are responsible
for the macroscopic functional properties.

[1] A. Gandini Macromolecules, 41, 9491, (2008).

[2] C. Berti; E. Binassi; M. Colonna; M. Fiorini; G. Kannan; S. Karanam; M. Mazzacurati; I. Odeh; M.
Vannini PCT Int. Appl., WO 2010078328 A2 20100708, (2010).

[3] M. Gigli; N. Lotti; M. Gazzano; V. Siracusa; L. Finelli; A. Munari; M. Dalla Rosa Polym. Degrad. Stab.
96, 105, (2014).

Acknowledgments The authors acknowledge COST Action FUR4Sustain, CA18220 and
EUSMI/European Soft Matter Infrastructure.
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The Vogel-Fulcher-Tammann [1, 2] law is succesfully used for about 100 years to describe the
temperature dependence of the structural relaxation time or viscosity of glass forming systems.
Its popularity is based on various reasons: a) It is the simplest mathematical expression among
various approaches, b) the VFT law can be linked to meaningfull physical quantities like free
volume [3] or excess configurational entropy (Adam Gibbs approach [4]) and can be readily
derived using simple assumptions, and c), the VFT law works for most supercooled liquid pretty
well in the entire range between the glass transition (7;) and melting temperature. The common
idea behind these theories is the existence of cooperative dynamics on a temperature dependent
length scale x(7) [5].

While the rational behind the VFT law is straightforward for fully disordered, liquid systems, a
VFT dependence is often also observed for ordered liquids or even plastic crystals. These systems
are characterized by partial orientational and/or translational order and show reorientational
dynamics, the temperature dependence of which either shows Arrhenius or “super-Arrhenius”
(thus VFT) behaviour.

This presentation focuses on VFT-type relaxation processes in a variety of systems: nematic and
smectic calamitic liquid crystals, columnar liquid crystals, plastic crystals and nanoprorous guest-
host material. Extensive data from broadband dielectric spectroscopy over 11 decades in
frequency will be discussed in terms of length scales and dimensionality of cooperative motions
with the aim to derive a conclusive physical picture [6].

17 Vogel H (1921) Z Phys 22:645

2] Fulcher GS (1925) J Am Ceram Soc 6:339

3] A.XK. Doolittle, J. Appl. Phys., 22 (1951), p. 1471

4] G. Adam, J.H. Gibbs, J. Chem. Phys., 43 (1965), p. 139

5] Donth, E. The Glass Transition. Relaxation Dynamics in Liquids and Disordered Materials; Springer:
Berlin, 2001; Vol. 48.

[6] M. Wiibbenhorst and S. Napolitano, in Dynamics in Geometrical Confinement, F. Kremer, Ed.:

Springer, 2014, pp. 247-277
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Polymeric systems show various types of dynamical processes. Although broadband dielectric
spectroscopy (BDS) can reveal the nature for most of the processes, some processes are totally
covered with the contributions from the DC conductivity, and as a result, the detailed properties
of such hidden processes cannot be accessed by BDS. Recently we have found that introducing
an air gap between the top electrode and the polymer sample reduces DC conductivity
substantially, allowing the study of low frequency relaxations, whose signal would otherwise be
hidden by the DC conductivity signal. In this presentation, we would like to show an interesting
example, that is, poly(2-vinylpyridine) (P2VP) homopolymers, copolymers with styrene, and
nanocomposites with octa(aminophenyl) silsesquioxane (OAPS). In this polymeric systems, an
extra process slower than the a-relaxation process can clearly be observed in the imaginary part
of the dielectric permittivity, consistent with some earlier reports. Figure 1 shows the frequency
dependence of the imaginary electric capacitance for P2VP. With the increase in the thickness of
the spacer, an extra process could clearly be observed at the lower frequency than that of the a-
process. This “slower process” was studied in two heterogeneous systems to examine the
interaction between the 2VP and other species to elucidate the mechanism behind the slower
process signal. In a random copolymer of styrene and
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relative to the a-process increases substantially at oo | 37.5 ﬁm ]

P2VP

low 2VP mole fractions. Additionally, in a composite DC L.
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of P2VP and OAPS, the presence of OAPS increases 100 }
both the strength and timescale of the slower process, &
leaving the a-relaxation process relativelyo 10 |
unchanged. This suggests that the slower process
could be caused by cooperative polymer relaxation
coupled to the transport of heterogeneous
components and impurities. Further studies are
needed to probe the molecular-level mechanism of
this slower process and its effect on interfacial
properties.
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In our presentation on BDS2022, we plan to
show other examples also in addition to those of
P2VP, if such data could be available.

capacitance for P2VP with various
thickness of Kapton spacers.
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Field-cycling (FC) NMR relaxometry, measuring the frequency dependence of the spin-lattice
relaxation and thus the dynamic susceptibility, gained momentum as commercial and home-
built FC relaxometers have become available which allow to routinely study the dynamics of
molecular liquids undergoing the glass transition. Like dielectric spectroscopy (DS), NMR
relaxometry probes predominantely rotational dynamics, but in the case of 'H NMR also
translational dynamics. An advantage of NMR is its selectivity, which enables one to probe site-
specific dynamics. This can be achieved by labelling of different molecular sites by a single
NMR nucleus or using several nuclear probes.!

By accessing broad-band relaxation spectra, FC NMR not only catches up with DS but also
allows to contribute to the currently discussed question whether a “generic relaxation”
pertains to liquids close to Ty and whether cross-correlation effects contribute to the DS
relaxation. ?H relaxometry directly addresses the latter point as it probes single-particle
reorientation only. Also, the issue is tackled whether conformational changes expected for non-
rigid molecules are reflected in different relaxation stretchings for different molecular sites. In
the case of m-tricresyl phosphate (m-TCP; Fig. 1) and of glycerol, the FC 1H, FC 31P, and PCS
spectra virtually agree. Thus, the molecules (actually flexible ones) reorient iso- tropically as a
rigid entity with a stretching parameter being close to Bx=0.6. Yet, the DS spectra are narrower
for reasons to be discussed. In contrast, for (non-polar) o-terphenyl the spectra of all techniques
coincide. An excess wing in addition to an o-peak IS 10 e
recognized. Such site-independent relaxation is not b !
always observed. However, upon cooling of flexible-
molecule liquids, indications are found that the
different site-specific dynamics merge, suggesting that
the molecules generally reorient as a rigid entity near
T,. This could present a resolution for the lower
stretching parameters reported at high temperature that 2 m-TGP il
contrast with the ones that were reported to be universal BT T T R T T T

in a PCS study.? OTrot
Fig. 1. NMR susceptibilities of m-
TCP as probed by FC 'H and FC 3'P
relaxometry compared to data from
high- field (HF) 3'P NMR, DS, and
PCS.
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We discuss two further issues: (i) the consequences of the applicability of frequency-tempera-
ture superposition including the excess wing, and (ii) the possibility to simultaneously monitor
translational and rotational dynamics by FC '"H NMR. The latter allows to identify the failure of
“Stokes-Einstein-Debye” in a series of liquids with an increasing hydrogen bond network.

[1] Becher, Flamig, Lichtinger, Minikejew, Vogel, Rossler Int. J. Mol. Sci. 23, 5118 (2022)
[2] Pabst, Gabriel, Bohmer, Weigl, Helbling, Richter, Zourchang, Walther, Blochowicz J. Phys. Chem.
Lett. 12,3685 (2021)
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The combination of experimental techniques probing different degrees of freedom yields a
powerful tool for the material sciences which helps to understand the interplay of various
microscopic processes. Applying dielectric spectroscopy and light scattering, in recent
investigations self- and cross-correlation dynamics of supercooled liquids were reported to
display generic and system-dependent spectral signatures, respectively [1]. In that work it was
suggested that the generic self-correlation dynamics accessed via the photon correlation
technique, and in general not the dielectric dynamics, probe the genuine structural relaxation of
viscous liquids [1] an assertion that is subject to various debates, see, €.g., [2,3]. In this talk, we
assess the assumption advanced in [1] by focusing on the relaxation behavior of tributyl
phosphate, a moderately polar, non-associating liquid [4] for which self- and cross-correlated
dynamics were clearly distinguished [1]. Employing physical aging and oscillatory shear rheology
we demonstrate that the structural rearrangements in this viscous liquid are largely governed by
its molecular, dielectrically detectable cross-correlations [5]. Our results thus provide evidence
that the cross-correlated and not the self-correlated part governs the structural relaxation, thus
underscoring the important role broadband dielectric spectroscopy plays for the exploration of the
glass transition.

[1] F. Pabst, J. Gabriel, T. Bohmer, P. Weigl, A. Helbling, T. Richter, P. Zourchang, T. Walther, and T.
Blochowicz, Generic Structural Relaxation in Supercooled Liquids, J. Phys. Chem. Lett. 12, 3685 (2021).
[2] M. Becher, T. Korber, A. D68, G. Hinze, C. Gainaru, R. Bohmer, M. Vogel, and E. A. Réssler, J. Phys.
Chem. B 125, 13519 (2021).

[3] K. L. Ngai, Z. Wojnarowska, and M. Paluch, Comparative analysis of dielectric, shear mechanical and
light scattering response functions in polar supercooled liquids, Sci. Rep. 11, 22142 (2021).

[4] M. K. Saini, Y. Gu, T. Wu, K. L. Ngai, and L.-M. Wang, Deviations of dynamic parameters
characterizing enthalpic and dielectric relaxations in glass forming alkyl phosphates, J. Chem. Phys. 149,
204505 (2018).

[51 K. Moch, P. Miinzner, R. Béhmer, and C. Gainaru, Molecular crosscorrelations govern structural
rearrangements in a nonassociating polar glassformer, Phys. Rev. Lett. (2022).




September 9", 2022

The material time of physical aging: dynamic light scattering
vs. dielectric spectroscopy

Till Bshmer!, Jan Philipp Gabriel®, Tina Hecksher?, Jeppe C. Dyre” and Thomas Blochowicz'

!Institute for Condensed Matter Physics, TU Darmstadt, 64289 Darmstadt, Germany

2 Glass and Time, Roskilde University, 4000 Roskilde, Denmark

As early as 1971, the concept of a material time has been proposed by Narayanaswamy [1] to
explain the characteristics of physical aging in glasses. Until now his hypothesis has only been
verified indirectly [2,3]. To this end, we investigate aging molecular liquids in a multi-speckle
dynamic light-scattering experiment using a CMOS-camera. By simultaneously probing a large
number of independent speckles, we are able to determine the time-resolved orientational
correlation function C(tau,t) of molecular dynamics. This approach enables us to directly validate
the existence of a material time that dictates molecular dynamics during aging and furthermore,
to straightforwardly determine this material time xi(t) as a function of the laboratory time. The
validity of xi(t) can be verified by confirming that transformation of the time axis from laboratory
time to material time eliminates all signatures of non-linearity during aging.

[1] O.S. Narayanaswamy, “A model of structural relaxation in glass”, J. Am. Ceram. Soc. 54, 491-498
(1971)

[2] T. Hecksher, N.B. Olsen, and J.C. Dyre, "Communication: Direct tests of single-parameter aging", J.
Chem. Phys. 142, 241103 (2015)

[3] B. Riechers, L.A. Roed, S. Mehri, T.S. Ingebrigtsen, T. Hecksher, J.C. Dyre and K. Niss, "Predicting
nonlinear physical aging of glasses from equilibrium relaxation via the material time", Sci. Adv. 8,
eabl9809 (2022)
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The Generic Lineshape of Glassy Dynamics:
Experimental Conditions for its Visibility

T. Blochowicz'
F. Pabst', T. Bohmer', J. P. Gabriel’, R. ZeiBler', T. Richter', P. Weigl'?, Th. Walther”

'Institute for Condensed Matter Physics, Technical University of Darmstadt, Germany
? Institute for Applied Physics, Technical University of Darmstadt, Germany
*Glass and Time, IMFUFA, Department of Science and Environment, Roskilde
University, Denmark

Recently, we have shown that structural relaxation in a broad range of supercooled liquids,
including simple van der Waals, hydrogen bonding and ionic liquids, follows, to good
approximation, a generic line shape in depolarized dynamic light scattering with a high-
frequency power law o "> [1]. In dielectric spectra, on the other hand, this behavior is
oftentimes masked by contributions of dipolar crosscorrelations so that dielectric spectra usually
show a wide variety of different line shapes [1]. However, crosscorrelations need not be the
only reason for deviations from the generic lineshape in particular when intramolecuar degrees
fo freedom play an important role for the dynamics.

In the talk we summarize the experimental findings that lead to the conclusion of the existence
of a generic spectral shape and discuss why certain substances deviate from the generic
behavior. Particularly instructive for that purpose is a series of polyalcohols, frequently used
as model-systems in glass-science, because the width of their respective dielectric loss
spectra varies strongly along the series. Our results reveal, that the microscopic origin of the
observed relaxation behavior varies significantly between different polyalcohols: While
short-chained polyaclohols like glycerol rotate as more or less rigid entities and their light
scattering spectra follow the generic shape, long-chained polyalcohols like sorbitol display
pronounced intramolecular dynamic contributions on the time scale of the structural
relaxation, leading to systematic deviations from the generic shape.

Based on these findings we discuss conditions and limitations for experimentally observing the
generic shape in a supercooled liquid: Crosscorrelations need to be well-separated or negligible
and the dynamics that is probed needs to reflect reorientation of a molecule as a whole and must
not be superimposed by effects of intramolecular dynamic heterogeneity.

[1] F. Pabst, J. P. Gabriel, T. Bohmer, P. Weigl, A. Helbling, T. Richter, P. Zourchang, Th.
Walther, and T. Blochowicz, Generic Structural Relaxation in Supercooled Liquids, J. Phys.
Chem. Letters, 12 (2021) 3685-3690.
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Low-Frequency Ionic Motion in Non-crystalline Part
of Polymer Solid

Yuichi Anada !

'Faculty of Business Administration and Information Science, Hokkaido Information University,
59-2 Nishi-Nopporo, Ebetsu 069-8585, JAPAN

In our laboratory, motions of impurity ions have been investigated in relation with the variety of
free spaces in non-crystalline parts in polymer crystalline solids by the method of Broadband
Dielectric Spectroscopy (BDS). In those studies, we separated the polymers investigated into two
groups. One is the polymers with inhomogeneous size distribution of free spaces, another is
without the distribution. Specifically, plural kinds of motion of impurity ions is recognized from
the electric modulus as a function of frequency [1] in low frequency region below 10 Hz for low-
density polyethylene (LDPE) crystallized from a melt. Furthermore, plural processes of ionic
motions were found around the temperature of the form transformation of crystallite by the similar
electrical method for isotactic polypropylene (iPP). Similar result was also observed for the
polyvinyl chloride-polybutadiene blends (PVC-PBD), though the cause is different
inhomogeneity from the crystalline polymers. On the other hand, as the single relaxation process
of ionic motion was observed in plasticized polyvinyl chloride with dioctyl phthalate (p-PVC),
polyethylene terephthalate (PET), polychlorotrifluoroethylene (PCTFE) and polyvinylidene
fluoride (PVDF), the structure of the non-crystalline parts of these polymers is considered to be
homogeneous. [2]- [5]

In this study, the above knowledge about the inhomogeneity of the free spaces in the non-
crystalline parts is examined experimentally from the point of view of static structure by the
experiment of the X-ray diffraction (XRD).

The electrical measurement was made by the method of BDS by using Schlumberger SI11260
Impedance Analyzer with an amplifier of Keithley428. The experiment of XRD was made by
Malvern Panalytical diffractometer (X’Pert PRO MPD model pw 3040/60) using Cu Ka (1=0.154

nm) irradiation at a scan rate (2u) of 0.02 °/ s and a 26 range of 5—80 °operated at 40 kV and 30

mA. The samples are melt-crystallized film of LDPE, p-PVC, PET and PCTFE. The thickness of
each film is the order of 0.Imm.

The experimental results was analyzed and summarized by a two dimensional plots of the
logarithm of conductivity relaxation time [1] against the crystallinity. This plots shows tendency
of the linear relationship between the conductivity relaxation time and the crystallinity with a
positive slope. Consequently, it is suggested that the inhomogeneity of the non-crystalline parts
from the point of ionic motion corresponds with that of the experimental result of RDF.

[1] P.B. Macedo, C.T. Moynihan and R. Bose, Phys Chem Glasses, 13, 171-179(1972)

[2] Y.Anada, Macromolecular Symposia, 245-246, 228-231(2006)

[3] Y.Anada, Journal of Polymer Science Part B: Polymer Physics,40, Issue 2,
226-235(2002)

[4] Y.Anada, Energy Procedia, 34, 17-25 (2013)

[5] Y.Anada, Macromolecular Symposia, 356, Issue 1, 169-172(2016)
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Polymorphism of crystalline alcohols under nanoscale
confinement
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Normal alcohols exhibit a series of solid-solid phase transitions prior to melting and high
heat of fusion making them candidates for thermal energy storage.! At low temperatures,
depending on the number of carbon atoms (n), longer alcohols (z > 11) exhibit two monoclinic
crystal phases, f (odd n) or y (even n). These phases differ in the tilt of the long molecular axis
with respect to the normal layer of the lamellar structure. On heating, the low-temperature phase
undergoes a transition into the a-phase (also known as the rotator phase”). The unit cell of the a-
phase is reported to be monoclinic ' or hexagonal. * Within the a-phase the molecules perform
hindered rotation or flips about their long axis between three equal orientations. In this study, °
we investigate the polymorphism of crystalline alcohols with a number of carbon atoms, #,
ranging from 6 to 12. The phase transformations and melting temperatures of the bulk alcohols
are studied by both Dielectric Spectroscopy and Differential Scanning Calorimetry
measurements. The a-phase is present in all alcohols. At lower temperatures this phase transforms
into the - or y-phase for odd or even n, respectively. The contributions per methylene group and
of the chain end groups in the heat of fusion and in the change of entropy during melting are
extracted by using certain restrictions. The much higher melting temperatures of n-alcohols than
in the respective n-alkanes are justified by the molecular order of alcohols in the liquid phase due
to hydrogen bonds. Next, we construct the effective phase diagrams under confinement, and
investigate the stability of crystal phases. In pore sizes below 200 nm the supercooling effect is
strong. The melting temperatures of confined alcohols can be described by two Gibbs-Thomson
equations for larger and smaller pores. In addition, we calculate the interfacial energy between
solid and liquid, gg;, corresponding to the melting under weak and strong confinement. We find
that confinement strongly affects the interfacial energy. In the smaller pores ay; is significantly
reduced compared to the larger pores (weak confinement). Moreover, the study of the dynamics
in shorter alcohols reveales that the dynamics is distinct within the different phases. In general,
the more ordered the phase the higher the activation energy. Finally, the effect of alumina pores
surface treatment by silanization is studied. The activation energies of the dynamic processes
increase compared to the native AAO suggesting a better arrangement of the molecules within
the crystal phases.

(1) Ventola, L.; Ramirez, T.; Calvet, T.; Solans, X.; Cuevas-Diarte, M. A.; Nergier, P.; Mondieig, D.; van
Miltenburg, J. C.; Oonk, H. A. J. Polymorphism of N-Alkanols: 1-Heptadecanol, 1-Octadecanol, 1-
Nonadecanol, and 1-Eicosanol. Chem. Mater. 2002, 14, 508-517.

(2) Maroncelli, M.; Qi, S. P.; Strauss, H. L.; Snyder, R. G. Nonplanar Conformers and the Phase Behavior
of Solid n-Alkanes. J. Am. Chem. Soc. 1982, 104, 6237-6247.

(3) Ananiadou, A.; Papamokos, G.; Steinhart, M.; Floudas, G. Nanometer Confinement Induces Nematic
Order in 1-Dodecanol. J. Phys. Chem. B 2020, 124, 10850-10857.

(4) Tanaka, K.; Seto, T.; Hayashida, T. Phase Transformation of n-Higher Alcohols. (I). Bull. Inst. Chem.
Res., Kyoto Univ. 1958, 35, 123-139.

(5) Ananiadou, A.; Steinhart, M.; Floudas, G. Polymorphism of crystalline alcohols under nanoscale
confinement. /n preparation (2022)
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Dynamics of Hydrogen bonds and related structures in glass
forming liquids

Silvia Arrese-Igor', Angel Alegria'?, Juan Colmenero'~
! Centro de Fisica de Materiales (CFM), CSIC-UPV/EHU. Paseo Manuel de Lardizabal 5, 20018,
Donostia-San Sebastian, Spain.
2 Departamento de Polimeros y Materiales Avanzados: Fisica, Quimica y Tecnologia (PMAS),
UPV/EHU. Paseo Manuel de Lardizabal 3, 20018, Donostia-San Sebastian, Spain.

The presence of hydrogen bonds (HB) introduces further complexity on the dynamics of glass
forming liquids. A paradigmatic example is that of monoalcohols MA: as a result of HB
interaction molecules order in a particular way and create patterns producing mesoscopic features
in the static structure factor and rich phenomenology and dynamics that still is far from being
completely understood. In recent years there has been a substantial progress on the understanding
of fundamental aspects of the so-called ‘Debye’ relaxation in MA and its relation with
supramolecular structures created by HB [1]. The observation of this process by techniques other
than dielectric spectroscopy remained elusive for a long time but the detection of slower processes
than the structural relaxation by other techniques is opening new perspectives [2-4]. In this line,
our group has recently resolved a third rheological contribution not reported before for MAs with
characteristic times between the a-relaxation and the Debye process [5]. In our view, the
intermediate contribution would reflect HB exchange dynamics at the chain-like aggregates
proposed in the Transient Chain Model for the Debye relaxation [6]. This intermediate rheological
process seems not to have a counterpart in the dielectric response. However, we have found
indications that HB exchange could explain the observed dielectric non-exponential Debye-
processes with distributions of times reported for some mono-alcohols [7]. Clarifying the posible
contribution of HB switch dynamics to the dielectric response of glass forming systems would
also help to shed light on the recent debate opened around the contribution of cross-correlations
(intermolecular interactions!) on the dielectric response of relatively polar liquids.
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[1] R. Béhmer, C. Gainaru and R. Richert. Physics Reports, 545(4), 125-195 (2014).

[2] C. Gainaru, R. Figuli, T. Hecksher, B. Jakobsen, J.C. Dyre, M. Wilhelm, and R. Bohmer. Phys. Rev.
Lett. 112 (2014) 098301.

[3] M. Becher, T. Wohlfromm, E. A. Rossler,and M. Vogel. J Chem.Phys. 154 (2021) 124503.

[4]J. Gabriel F. Pabst, A. Helbling, T. Bohmer and T. Blochowicz. Phys Rev. Lett. 121, 035501 (2018).
[5] S. Arrese-Igor, A. Alegria and J. Colmenero. Phys. Chem.Chem. Phys. 20 (2018) 27758.

[6] C. Gainaru, R. Meier, S. Schildmann, C. Lederle, W. Hiller E.A. Rdssler, and R. Béhmer. J. Phys Rev
Lett. 105 (2010) 258303.

[7] S. Arrese-Igor, A. Alegria and J. Colmenero, J. of Molecular Liquids 312 (2020) 113441.
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Origin of Apparent Slow Solvent Dynamics in Binary
Mixtures

Till Bohmer!, Robin Horstmann', Jan Philipp Gabriel?, Florian Pabst!, Michael Vogel1 ,
Thomas Blochowicz'

!Institute for Condensed Matter Physics, TU Darmstadt, Germany
! Glass and Time, IMFUFA, Department of Science and Environment, Roskilde University,
Denmark

Due to their size disparity, the dynamics of solvent molecules in a soft confinement of polymer
chains can be faster by several orders of magnitude compared to the polymer matrix. Despite
these observations, past research suggests that a fraction of the solvent contributes to the slow
dynamics on the timescale of the polymers. By combining depolarized dynamic light scattering
and molecular dynamics simulations, we show that long-lived solvent—solvent cross-correlations
cause these slow solvent contributions. They originate from the energy landscape that the solute
imprints onto the neighboring solvent, leading to enhanced correlations between the positions and
orientations of different solvent molecules until the solute relaxes. This mechanism explains the
discrepancies found between the results of techniques probing collective and single-particle
dynamics, such as dielectric and nuclear magnetic resonance spectroscopy. Our findings shed new
light on how solvents behave in the vicinity of macromolecules or soft confinement and are of
relevance for materials ranging from polymer-plasticizer systems to hydrated proteins.
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Structure of confined supercooled water: size does matter.

Thomas D. Green,? Federico Caporaletti'*, Huib J. Bakker,? and Sander Woutersen'
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SVan der Waals-Zeeman Institute, Institute of Physics, University of Amsterdam, Science Park
904, 1098 XH Amsterdam, The Netherlands

Confinement in mesoporous materials is a well-established technique to supercool water into No-
man’s land. Crystalline materials such as MCM-41 (1) or MOFs (2) allow a very precise control
of confinement, but usually confinement down to 2 nm is required to prevent crystallization.
Whether water maintains its bulk properties in such strong confinement is still debated (2). Here
we investigate the influence of pore size on the structural properties of supercooled water confined
in mesoporous silica-gel pores with sizes ranging from 9.0 nm to 2.2 nm. The amorphous structure
of silica gel inhibits crystallization even in the 6 nm pores, thus allowing us to probe supercooled
water under weaker confinement. We find that in the 2.2 nm pores HDL-like water is the dominant
component at all temperatures, while a structural transition from HDL to LDL-like water takes
place in the 6 nm pores at Ti;230 K. These results suggest that the properties of confined water
strongly depend on the size of the confining environment, with a cross-over as the confinement
size becomes comparable to the characteristic length of the structural fluctuations of water.
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Figure 1: Temperature-dependent FTIR spectra of the OD-stretch band of water confined in 6.0
nm and 2.2 nm pores. The 290 K spectra are shown in red, the 228 K spectra in black
(approximate midpoint of transition) and the 105 K spectra in blue. Picture taken from [3].

[1] Mallamace, F. et al., Proc. Natl. Acad. Sci. 2007, 104 (2), 424-428.
[2] Fischer, J. K. H. et al Communications Physics 2020, 3 9
[3] Green, T. D., Caporaletti, F., Bakker, H., Woutersen, S. (in preparation)
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Ionic Liquids during Imbibition in Nanopores
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Ionic liquids (ILs) represent an extended family of salts composed solely of organic cations
and inorganic/organic anions, with melting points below 100 °C. Their high ionic conductivity,
high thermal and electrochemical stability, nonflammability, nonvolatility, and a wide
temperature range of the liquid state, make ILs ideal substitutes for conventional organic
electrolytes in electrochemical systems, especially in lithium batteries and supercapacitors.

In order to improve the energy density of electrochemical devices, the use of porous
materials as electrodes is a hotspot of current research. To this end, it is crucial to understand the
behavior of ILs in confined space. In our research, we employ the imidazolium-based cation with
different anions (CI', Br, I', BF4, PFs, TFSI) in the investigation of the effect of anion on the
conductivity under nanometer confinement within self-ordered nanoporous alumina (AAO). In
particular we address the following open questions: What are the relevant length scales involved
(Bjerrum, Debye, Gouy-Chapman, pore radius, glass temperature)? What is the structure of the
confined ILs relative to the bulk? What is their effective viscosity during flow in nanopores? How
the ionic conductivity is influenced during and after imbibition?

Based on the present results, the conductivity of ionic liquids during and after flow in
nanopores is reduced relative to the bulk and furthermore it decreases with increasing degree of
confinement. The anion size plays also a role in the conductivity reduction. This situation for ILs
is distinctly different from polymer electrolytes investigated earlier by us.' There, the tendency
of polymers chains for adsorption drives ions to the pore walls thus reducing the ionic
conductivity.

[1] C.-H. Tu, L. Veith, H.-J. Butt, G. Floudas. Ionic Conductivity of a Solid Polymer Electrolyte Confined
in Nanopores. Macromolecules 55, 1332-1341 (2022).

100



POSTER SESSION, Tuesday 6" and Wednesday 7™

Effects of the clay loading on conductivity behavior of
sulfonated polyetheretherketone (s-PEEK) and crosslinked
polyvinyl alcohol (XL. PVA) composite films

Arbi Fattoum', Amira Sendi', Mourad Mbarek', Rolando Pedicini®, Alessandra Carbone?

! Laboratory of Materials Application for Environment, Water and Energy. Science Faculty of
Gafsa, Sidi Ahmed Zaroug 2112, Gafsa, Tunisia

?Istituto di Tecnologie Avanzate per I’Energia “Nicola Giordano” Polymer Electrolyte Fuel
Cells and Hydrogen Storage S. Lucia sopra Contesse, 5 - 98126 Messina — Italy

In this work we study composites of 50-65% sulfonated polyether ether ketone (s-PEEK) and
20% crosslinked polyvinyl alcohol (XL PVA); reinforced by a commercial montmorillonite at
various Wt%. We aim to use our composites as electrolyte membranes for fuel cells. Obtained
films were characterized by X-ray diffraction, differential scanning calorimetry, direct current
conductivity at various relative humidity rates and dielectric measurements between 10" Hz and
1 MHz in the temperature range from 10 to 220°C. XRD Results show the presence of
characteristic peaks of the MMT, with gradual reduction of the grain size of ordered regions in
the polymer matrix after the sulfonation, the crosslinking and/or the clay addition. For both
polymers, the cited three operations increase the glass transition, indicating the lowering of the
polymer chain mobility. This affects also the proton conductivity o4 which decreases due to these
modifications. In all cases we find acceptable fit of c4.(T) by an Arrhenius law with activation
energy compatible with ionic transport and depends on the clay Wt%. The Ac conductivity is well
fitted by the Jonscher law with a dominant effect of the electrode/sample polarization at low
frequencies; this effect appears at higher temperatures. From the high frequency power law we
deduce the dominance of the correlated barrier hopping mechanism (CBH). By the dielectric
modulus we show the presence of two non-Debye relaxation modes attributed to interface
polarization and charge hopping processes.
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Proton conductivity and dielectric relaxation of sPEEK and
Basolite® F300 composites

Abel Garcia-Bernabe!”, Jorge Escorihuela?, Vicente Compaii'
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?Departamento de Quimica Organica, Facultad de Farmacia, Universitat de Valéncia. Av.
Vicent Andrés Estelles s/n 46100 Brujassot-Valencia (Spain)

Sulfonated Poly(Ether Ether Ketone) (SPEEK) is a acidic polymer, which is used as proton
exchange membranes in Proton Exchange Membrene Fuel Cell (PEMFC).The high proton
conductivity and its chemical stability are important for the application in Fuel Cell. The additions
of Metal-Organic Frameeworks (MOF) in the polymeric structure are important for increasing the
proton conductivity and chemical stabitity, improving the performance of the fuel cell membrane.
MOF are crystalline materials based on the combination of transition metal ion coordinated to
multidentate organic ligads to form three-dimensional crystalline strutures. Basolite® F300 is an
example of MOF and chemically is iron 1, 3, 5-benzenetricarboxylate.

In this work, we have prepared one serie of membranes based on sPEEK and Basolite® F300
composites. These membrenes have been characterized by Broadband Dielectric Spectroscopy in
wet conditions where high proton conductivity was observed. These membranes in dry conditions
have a different dielectric behavior. Proton conductivy contribution in dielectric spectrum is
negligible at high frequency and dipolar contribution is predominante. These dry membranes have
been characterized one dielectric relaxation, which is affected by the presence of Basolite® F300
in the composite.

This work was funded by Vicerrectorado de Investigacion de la Universitat Politécnica de
Valéncia (PAID-11-21).

102



POSTER SESSION, Tuesday 6" and Wednesday 7™

High proton conductivity of the homo- and heterometallic
oxalate-based compounds of different dimensionality

Marijana Juri¢!, Ana Lozanéi¢!, Sanja Renka', Sanja Burazer and Kre§imir Mol¢anov'
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Recently, proton conductivity of the metal-organic frameworks (MOFs) has been
considered as a new functionality, mainly due to their crystallinity, high porosity,
designability and tunability in structure and properties, and potential application in solid-
state electrolytes. The simplest method to introduce proton carriers is to include a
counterion such as hydronium (H3O"), ammonium [NH4", (CH3)2NHz",...] or an anion
(SO4%7), resulting in charged compounds. The counterions form the hydrogen-bonding
arrays with the guest water or other constituents of compound, creating proton-conducting
pathways.'*

A very important role in the design and synthesis of multifunctional materials belongs
to the oxalate moiety, C204>", due to its various possibilities of coordination to metal
centers and its ability to mediate electronic effects between paramagnetic metal ions. The
proton conductive materials must have good water and chemical durability under the
influence of humidity and temperature, and in general, oxalate-based systems have
regular structures and stable frameworks. In addition, the oxygen atoms of the oxalate
group can construct complex hydrogen-bonded networks, which are more than suitable
for proton conduction. Although high proton conductivity is often found in two-
dimensional (2D) and three-dimensional (3D) oxalate-based compounds, the low-
dimensional structures can have excellent proton conductivity properties via the
hydrogen-bonding chain because a low void space can be advantageous for proton
hopping.>?

We explored the proton conduction behaviour of three oxalate-based compounds of
different nuclearity and dimensionality, prepared and characterized in our group:
homometallic discrete mononuclear (NH4)2[Fe(H20)Cl3(C204)]-H20 (1) and one-
dimensional (1D) {[NH(CHs3)(C2Hs)2][FeCl2(C204)]-H20}x (2), and 2D heterometallic
{[NH(CH3)2 (C2H5s)]s[Mn4ClaCra(C204)12] }» (3). The proton conductivity of 1, 2 and 3 at
298 K increases with increasing relative humidity (RH), achieving values of 2.17 x 1073
(Q cm) ! at 74% RH, 2.70 x 10* (Q cm) ! at 93% RH and 1.6 x 107 (Q cm) ' at 90%
RH, respectively. From the obtained values, it can be confirmed and concluded that the
amount of protonated proton carriers acting as proton donors, the number of non-
protonated sites acting as proton acceptors, and the efficient proton transport pathway
made of H-bonding network are extremely important for obtaining materials with high
conductivity, rather than their dimensional arrangement.

(1) X.-X.Xie, Y.-C. Yang, B.-H. Dou, Z.-F. Li, G. Li, Coord. Chem. Rev. 2020, 404, 213100.

(2) D-W.; Lim, H. Kitagaw, Chem. Soc. Rev. 2021, 50, 6349-6368.

(3) S. Burazer, K. Mol¢ano, A. Santi¢, T. Klase, E. Wenger, D. Paji¢, Z. Jaglici¢, J. Popovi¢, M. Jurié,
Materials 2021, 14, 5543.
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Non-equilibrium effects of polymer dynamics under
nanometer confinement: Effects of molar mass and
architecture
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A series of linear and star-shaped cis-1,4-polysiorpenes with different molar masses (Mn)
were studied by dielectric spectroscopy within nanoporous alumina templates with a
diameter, d. We have employed two cooling protocols: (i) abrupt cooling followed by
prolonged annealing and (ii) cooling at various effective rates (f) to the same final
temperatures, to show that the polymers regain the bulk dynamics with time, while the
dielectric strength (de) increase.? The kinetic pathways to equilibrium are compared.
Surprisingly, the studies revealed that the polymers, irrespective of the thermal protocol,
are out of equilibrium even at temperatures of T:™'* + 20 K, and this despite the weak
confinement. The change of the relaxation times and of the dielectric strength are
discussed in terms of changes in density, adsoprion and of dipole-dipole interactions. The
latter, play a dominant role during annealing.® Lastly, the characteristic recovering
(equilibrium) time of the bulk dynamics (%q), during annealing, is studied as a function
of topology (f; number of arms), degree of confinement (2R¢/d; Rg is the radius of
gyration) and arm molar mass* (feq ~ Mn>!3 at T - T™X ~10 K). We report that both the

Tt and feq increase with the increasing functionality.

(1) Kardasis, P.; Oikonomopoulos, A.; Sakellariou, G.; Steinhart, M.; Floudas, G., Non-equilibrium

effects of polymer dynamics under nanometer confinement: Effects of molar mass and architecture. In

preparation.

(2) Adrjanowicz, K.; Paluch, M., Discharge of the Nanopore Confinement Effect on the Glass Transition
Dynamics via Viscous Flow. Phys. Rev. Lett. 2019, 122, 176101.

(3) Tu, C.H.; Zhou, J.; Butt, H. J.; Floudas, G. Adsorption kinetics of cis-1,4-polyisoprene in nanopores
by in situ nanodielectric spectroscopy. Macromolecules 2021, 54, 6267-6274.

(4) Chat, K.; Adrjanowicz, K., The Impact of the Molecular Weight on the Nonequilibrium Glass
Transition Dynamics of Poly(Phenylmethyl Siloxane) in Cylindrical Nanopores. J. Phys. Chem 2020,
124,22321-22330.
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Combined dielectric and infrared spectroscopy on
thin films of polyethylene terephthalate.

W.K. Kipnusu1 and F. Kremer1

!Peter Debye Institute for Soft Matter Physics, Leipzig University, Linnéstr. 5,
04103, Leipzig, Germany

Dielectric and infrared spectroscopy are combined to study the molecular dynamics of a 0.5
um thick foil of polyethylene terephthalate. In the dielectric measurements, (frequency range
10" Hz — 10° Hz, temperature 210 K — 390 K) two broad relaxation processes are
observed. IR-measurements in the same temperature range allow tracing in detail the evolution
of the bands representing the carboxylic acid, the (C-O), the O-H moieties and the terephthalate
(OOCCsH4- COO) unit as a whole. By that, the interplay between inter- and intra-molecular
interactions is unraveled in detail.
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Confinement induced relaxations and phase behavior of a
nanoconfined ionic liquid crystal

Mohamed A. Kolmangadi! and Andreas Schonhals!

'Bundesantalt fiir Materialforschung und -priifung (BAM), Berlin, Germany

Liquid crystalline mesophases in nanoconfinement exhibit intriguing phase transition

behaviors and relaxation dynamics. Here in, we investigate the molecular dynamics and
electrical conductivity of a linear shaped guanidinium based ILC confined in self-ordered
nano porous alumina oxide membranes of pore size ranging from 180nm down to 25nm
by employing broadband dielectric spectroscopy (BDS) and calorimetry. Calorimetric
investigation reveals a complete suppression of the columnar — isotropic transition, while
the plastic crystalline — columnar transition temperature decreases with inverse pore size
and deviates from the Gibbs — Thomson equation.
For the bulk case, BDS detects two relaxation modes in the crystalline phase, the y
relaxation and the o relaxation, and two relaxation modes in the columnar phase, the a2
and o3 relaxation. For the confined case, all relaxation modes slow down compared to the
bulk. However, for the least pore size (25 nm), the a2 relaxation is absent. We discuss the
possible molecular origins of the different relaxation modes observed. For the bulk ILC,
a clear jump of 4 orders of magnitude in the absolute values of DC conductivity occurs at
the transition from the plastic crystalline to hexagonal columnar phase, for the confined
ILC, this transition is smooth. DC conductivity is reduced for the confined case, except
for the 25nm, where the values is similar to the bulk.
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Water dynamics at biological surfaces studied by 2ZH NMR
and BDS

Sandra Kriiger!, Elisa Steinriicken', Michael Vogel'

! TU Darmstadt, Institute of Condensed Matter Physics, Hochschulstr. 6, 64289 Darmstadt,
Germany

The dynamics of water near biological surfaces and the interactions of water and biomolecules
are fundamental for understanding chemical processes and biological functionality. To reduce the
complexity found in hydrated proteins, we investigate a much simpler model system containing
dipeptides in aqueous solution.

Explicitly, we study water (D,O) dynamics near the hydrophilic N-acetyl-glycine-methylamide
(NAGMA), serving as a model protein backbone. The NAGMA concentration is varied from
hydrated powders to highly concentrated solutions. Furthermore we varied the structure of the
dipeptide, by using different amino acid residues, namely N-acetyl-leucine-methylamide
(NALMA) and N-acetyl-lysine-methylamide (NAKMA).

We use “H nuclear magnetic resonance (NMR) to characterize the microscopic rotational
dynamics and gain access to correlation times in a large time window.

Depending on the NAGMA concentration, we observe partial freezing of water, but there always
remains a liquid hydration layer near the dipeptide surfaces.

Using *H line-shape analysis and spin-lattice relaxation, we disentangle the signal contributions
of the two water fractions from each other and from those of the dipeptide, providing us with
correlation times for liquid hydration water between 10'%s and 10%s. Moreover, we extend the
accessible timescale to slower dynamics (10 to 10s) with broadband dielectric spectroscopy
(BDS) and “H NMR stimulated-echo experiments.

Our studies show that the dynamics of water differs at the surface of different dipeptides. At high
temperatures the temperature dependence is similar to other mixtures of water and smal
biomolecules and at low temperatures we find an Arrhenius like temperature dependence of the
correlation times with activation energies of ~0.4eV.
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Charge and heat transport in halogen-free flame retarded
polypropylene compounds

A. Kyritsis!, C. Politidis', A.D. Porfyrisz, C. Gkountela’, G. Messaritakis®, P. Orfanoudakis’,
S. Pavlidou®, D.M. Korres?, S.N. Vouyiouka2

" Dielectrics Group, School of Applied Mathematical and Physical Sciences, National Technical
University of Athens, Zographou Campus, Athens 157 80, Greece.
2 Laboratory of Polymer Technology, School of Chemical Engineering, National Technical
University of Athens, Zographou Campus, Athens 157 80, Greece
SEMM. KOUVIDIS S.A. VIOPA Tylissos 715 00, Heraklion, Crete, Greece.
*MIRTEC S.A. 76th km Athens — Lamia Nat. Road, Schimatari Viotias, 32009, Greece.

Polypropylene (PP) is rising as an alternative polymer for the manufacture of cable protection
conduits, replacing traditional PVC pipes. However, PP needs to be flame retarded in order to
comply with the current stringent EU safety regulations regarding halogen content, smoke density
and corrosiveness of released gases (EN50642, EN61034-2, EN60754-2). Herein, three flame
retarded (FR) PP formulations (FR1-FR3) were developed by the incorporation of commercial
FR additives into PP, by means of melt-compounding. A high impact strength heterophasic co-
polymer (Repsol ISPLEN PBI31NSE) was selected as reference PP. The additives used
comprised: ammonium polyphosphate, a polymeric triazine derivative (PPM triazine HF) and a
N-alkoxy hindered amine resulting in halogen-free formulations FR1 and FR2. The loading level
for FR1 and FR2 additives in PP was 25 and 20 wt% respectively. For the low-halogen
formulation FR3 (Br<1500 ppm) a mixture of aluminum hypophosphite (AHP) and a
phosphorous-bromine salt was used with a low loading level of FR3 (only 2 wt%). All compounds
were found to comply with the aforementioned European standards [1].

The focus of this work lies on the investigation of the effects of the additives on the molecular
mobility of the compounds and in the corresponding dielectric and thermal conduction properties
by employing Broadband Dielectric Spectroscopy, Thermally Stimulated Depolarization Currents
and Thermal Conductivity measurements. Our results show that the compounds with relatively
high content of additives (FR1 and FR2) exhibit enhanced molecular mobility, which is related
to the glass transition of PP, and remarkable charge transport properties due to the high
conductivity of the additives. Interestingly, the enhanced charge transport properties are not
accompanied by an increased heat transfer capability in the compounds: all compounds are
characterized by smaller values of thermal conductivity than neat PP. These findings are discussed
in terms of heat transfer mechanisms in the polymeric matrix and alterations in the semi-
crystalline morphology of the compounds.

Acknowledgments This research has been co-financed by the European Regional Development
Fund of the European Union and Greek national funds through the Operational Program
Competitiveness, Entrepreneurship and Innovation, under the call RESEARCH — CREATE —
INNOVATE (Project code: T2EDK-01466).
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European Union Partnership Agreement
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Development Fund
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[1] Porfyris, A.D. et. al. Halogen-Free Flame Retarded PP Compounds designated for cable
protection conduits. AMI Fire Resistance in Plastics, 30 November — 2 December 2021,
Diisseldorf, Germany.
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Heat capacity and the dynamical crossover of supercooled
water in confinement
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Bulk water unavoidably crystallizes in the temperature range from 150 to 235 K (“no man’s
land”)'. However, water in solutions (soft confinement) or water confined in porous materials
(hard confinement) can remain amorphous, i.e. not crystallized, as long as there are no water
clusters larger than 2 nm”. The water dynamics in confinement has been extensively studied in
the literature. In hard confinements, the temperature dependence of the water relaxation time
shows a crossover between two different behaviors at a certain temperature’. However, there are
different interpretations related to the nature of that crossover. In contrast to soft confinements,
in which a glass transition is detectable by a standard differential scanning calorimeter (DSC)
associated with Tg of the solute, in hard confinements, standard DSC measurements only show a
flat signal during the heating scanning, when crystallization is avoided. Despite this, the heat
capacity is one of the most essential thermodynamic quantities for looking into the hydrogen-
bonding properties of low-temperature water®.
In this work, by using temperature-modulated DSC, we analyze the heat capacity (cp) of water on
two types of rigid confinements of different nature: porous borosilicate glass (with a rigid surface)
and the same glass but filled with silica gel, which has a softer surface. Both confinements were
studied at different humidity levels (h = 0 — 47 wt%).
Above h = 6.4 wt% for both types of confinements, water crystalized during the cooling scan and
showed a melting peak (230 — 260 K) during the heating scan. In the case of water confined in
porous borosilicate glass and for all water contents, the heat capacity exhibited a flat signal. In
contrast, water confined in porous borosilicate glass filled with silica gel shows a cp deviation
around ~ 180 K. This temperature overlaps with the temperature where the dynamical crossover
is produced as obtained by broadband dielectric spectroscopy.
Here, we will discuss the interpretation of the c, deviation as a possible glass transition of the
interfacial water that remains amorphous under confinement and its relation with the dynamical
crossover observed by BDS.
l. Debenedetti, P. G. Supercooled and glassy water. J. Phys. Condens. Matter 15, (2003).
2. Yoshida, K., Yamaguchi, T., Kittaka, S., Bellissent-Funel, M. C. & Fouquet, P. Thermodynamic,
structural, and dynamic properties of supercooled water confined in mesoporous MCM-41

studied with calorimetric, neutron diffraction, and neutron spin echo measurements. J. Chem.
Phys. 129, (2008).

3. Cerveny, S., Mallamace, F., Swenson, J., Vogel, M. & Xu, L. Confined Water as Model of
Supercooled Water. Chem. Rev. 116, 7608-7625 (2016).
4, Nagoe, A., Kanke, Y., Oguni, M. & Namba, S. Findings of C p maximum at 233 K for the water

within silica nanopores and very weak dependence of the T max on the pore size. J. Phys. Chem.
B 114, 13940-13943 (2010).
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Dynamics of adsorbed water on hydrogels for water
remediation
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?Donostia International Physics Center, Paseo Manuel de Lardizabal 4 (20018), San Sebastian,
Spain

The water contamination problem demands sustainable, scalable, and easy-to-implement
solutions. In recent years, different methods for cleaning water have been explored; however,
adsorption is one of the most convenient wastewater purification techniques for removing
pollutants from contaminated aqueous media because of its relatively straightforward design,
cost-effectiveness, operation, and energy efficiency'. We have developed a new generation of
pectin-based hydrogels to remove heavy metals from contaminated water through adsorption.
Adsorption occurs when a contaminant molecule in water binds to the surface of the hydrogel®.
Therefore, studying the adsorbed water inside the hydrogel is one of the factors to consider that
will help to increase the efficiency of the water remediation.

In this work, we show a general description of the hydrogel preparation and the protocol for water
adsorption. The variation of the hydrogel structure as a function of hydration was studied using
differential scanning calorimeter (DSC) and X-ray diffraction (XDR). On the other hand, the
dynamics of the adsorbed water were analyzed by broadband dielectric spectroscopy (BDS). We
determined that dry hydrogel loses part of its crystalline structure with hydration. However, the
remaining crystalline part of our hydrogel is where the adsorbed water is located in the form of
confined water. For humidity levels above 25 wt%, the relaxation times of the water process were
similar to that for water in MCM-41°. Therefore, we conclude that our hydrated pectin-based
hydrogel forms pore similar to hard confinements where the adsorbed water is located.

1. Darban, Z., Shahabuddin, S., Gaur, R., Ahmad, I. & Sridewi, N. Hydrogel-Based
Adsorbent Material for the Effective Removal of Heavy Metals from Wastewater: A
Comprehensive Review. Gels 8, (2022).

2. Thakur, S., Chaudhary, J., Kumar, V. & Thakur, V. K. Progress in pectin based
hydrogels for water purification: Trends and challenges. J. Environ. Manage. 238, 210—
223 (2019).

3. Cerveny, S., Mallamace, F., Swenson, J., Vogel, M. & Xu, L. Confined Water as Model
of Supercooled Water. Chem. Rev. 116, 7608—7625 (2016).
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Relaxation dynamics and charge transport in a proton-
conducting deep eutectic solvent
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Deep eutectic solvents (DESs) are an emerging class of green solvents characterized by significant
reductions in melting points compared to those of respective precursors and they are promising
for applications as inexpensive “designer” solvents showing a host of tunable physicochemical
properties.[1], [2] In our previous research, the solvation effect of 1H-1,2,4-triazole ([TR])
towards imidazolium methanesulfonate ([Im][MS]) was studied by blending them with different
molar ratios and the deep eutectic component ([Im][MS] vs. [TR] =1 : 3) was obtained with a
reduced melting point of around 78 °C.[3] In addition, we also pointed out that [TR] was effective
to dissolve and dissociate [Im][MS] without protonation of [TR]. [3] Nevertheless, the studies
were limited to the liquid state (above the melting points), and thus the charge transport in the
solid state was neglected.

In this work, the deep eutectic component is revisited in terms of relaxation dynamics, charge
transport and phase transitions by means of broadband dielectric spectroscopy (BDS) and
differential scanning calorimetry (DSC). Both BDS and DSC reveal that this blend undergoes a
glass transition, followed by cold crystallization and finally melting upon heating from —150 °C
to 100 °C. The temperature dependent conductivity relaxation time shows a well-defined
crossover from Vogel-Fulcher—Tammann (VFT) type to Arrhenius behavior in the vicinity of the
glass transition temperature. Moreover, the “conduction — free” dielectric loss reveals two distinct
relaxation processes, denoted as slow relaxation and fast relaxation, which can be well modelled
by two Cole—Cole functions. The relaxation times of them is separated by about three decades
over the whole temperature range. The fast relaxation is coupled to the charge transport and is
assigned to the ring reorientation of imidazolium cations based on the comparable activation
energies reported by Goward et al. using solid state NMR spectroscopy.[4] Interestingly, the slow
process also follows the temperature dependence of the conductivity closely, i.e. the Debye-
Stokes-Einstein (DSE) equation is fulfilled, implying that the slow relaxation is related to charge
transport at a larger length scale and time scale.

[1] B. B.Hansen et al., Chem. Rev.,2021, 121, 1232-1285.

[2] A.Jani, B. Malfait, and D. Morineau, J. Chem. Phys., 2021, 154, 164508.

[3] J.Luo, T. V. Tan, O. Conrad, and L. F. J. Vankelecom, Phys. Chem. Chem. Phys., 2012, 14, 11441.

[4] G. R. Goward, K. Saalwéchter, 1. Fischbach and H. W. Spiess, Solid State Nucl. Magn. Reson., 2003,
24, 150.
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Study of the glass transition and the bond exchange reaction
in Poly(thiourethane) covalent adaptable network through
broadband dielectric spectroscopy

B. Pascual-José', R. Teruel-Juanes', O. Gil-Castell', Silvia De la Flor?, A. Serra’, A. Ribes-
Greus'.
! Institute of Technology of Materials (ITM), Universitat Politécnica de Valencia (UPV), Cami de Vera, s/n, 46022,
Spain.
2 Department of Mechanical Engineering, Universitat Rovira I Virgili (URV), Av. Paisos Catalans, 26, 43007,
Tarragona, Spain.
3 Department of Analytical and Organic Chemistry, Universitat Rovira I Virgili (URV), C/ Marcel-li Domingo I,
43007, Tarragona, Spain.

Polythiourethanes (PTUs) are a covalent adaptable networks (CAN) polymers, which include
reversible chemical bonds in the 3D structure. This type of chemistry allows these polymers
displaying good, flexibility, optical transparency, or a more homogeneous structure. The origin
of the networks’ vitrimeric-like behavior in PTUs is attributed to the trans-thiocarbamoylation
process. In this work, this covalent adaptable network with a fast exchange mechanism is sought
in synthesizing containing dibutyltin dilaurate DBTDL in different percentages (1% and 4%), that
were labelled HDI-S3-DBTDL 1% and HDI-S3-DBTDL 4%, respectively.!** The dielectric
spectra of the poly(thiourethane) network, HDI-S3 is complex, and at higher temperatures three
relaxations were observed: the o, relaxation relates to the glass transition, which is overlapped,
by the o relaxation associated to the bond exchange reaction. Finally, the p process is produced
by mobility of the charge carriers. Varying the catalyst concentration does not affect the low-
temperature relaxation, nor the glass transition. However, as expected, the bond exchange reaction
is facilitated in the HDI-S3-DBTDL 4% sample, as shown in Figure 1.

HDI-S3-DBTDL 1% HDI-S3-DBTDL 4%

107 ’ 110" 10° ’ 10* 10° 0: 10 10r 10t 10f
Frequency (Hz) Frequency (Hz)
Figure 1. Isothermal curves for the HDI-S3-DBTDL 1% and HDI-S3-DBTDL 4% samples between

255.65K and 373K.

In this work, the characterization of the associative or dissociative of a covalent adaptable network
nature of a polymer is also addressed. In many works, the decrease in viscosity is assessed through
dynamic mechanical analysis (DMA). However, in broadband dielectric analysis the DC
conductivity (opc) is its counterpart. Consequently, the Jonscher’s model is used to determine the
DC conductivity (opc). The relationship between the temperature and the DC conductivity (opc)
determines the dissociative nature of this covalent adaptable network.

1 W. Alabiso and S. Schlogl, Polymers (Basel), 2020, 12, 1660.
2 F. Gamardella, S. De la Flor, X. Ramis and A. Serra, React. Funct. Polym., 2020, 151, 104574.
3 F. Gamardella, F. Guerrero, S. De la Flor, X. Ramis and A. Serra, Eur. Polym. J., 2020, 122, 109361.

Acknowledgments: POLYELMETH-PID2020-116322RBC3-1; PID2020/115102RB-C21.0
MCIN/AEI/10.13039/201100011033.
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We report on the phase behavior and the respective dynamics in random P(VDF-TrFE)
copolymers using standard and temperature-modulated differential scanning calorimetry, X-ray
diffraction, and a combination of temperature- and pressure-dependent dielectric spectroscopy
measurements.' Depending on the copolymer composition, the coexistence of three/four weakly
ordered phases was identified in the vicinity of the Curie temperature (7¢). With respect to the
dynamics, we demonstrate that the segmental dynamics - reflecting the relaxation of constrained
amorphous VDF segments at the crystal/amorphous "phase" - can be used as a marker of the Curie
transition. The corresponding segmental relaxation freezes at about 50 K above the lower liquid-
to-glass temperature associated with the freezing of amorphous segments away from the interface.
Pressure-dependent dielectric measurements provided quantitative insight into (i) the molecular
origin of the segmental processes (by employing the pressure sensitivity of relaxation times and
the pressure coefficient of the respective 7,’s), (ii) the nature of the phase transition at 7, as well
as (iii) information about the stability of phases under the variation of temperature and pressure
(through the 7-P phase diagram). We show that 7. increases linearly with pressure and is
accompanied by small volume changes, implying a weakly first-order thermodynamic transition.
Furthermore, pressure stabilizes the ferroelectric phase over a broader temperature range. This
could extend the operating temperature range of ferroelectric devices based on P(VDF-TrFE)
copolymers.

Acknowledgements
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Researchers, co-financed by the European Investment Bank. Project 183. "Polymer Dynamics
under 2D Confinement (POLYCONF)".

[1] Pipertzis, A.; Asadi, K.; Floudas, G. P(VDF-TrFE) Copolymer Dynamics as a Function of Temperature
and Pressure in the Vicinity of the Curie Transition. Macromolecules 2022, 55 (7), 2746-2757.
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2H-NMR studies on the dynamics of supercooled water
in porous boro-silicate glasses
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Water is one of the most intriguing liquids. Despite the paramount importance, the properties of
water are not fully understood to this day. Especially the dynamics of water in different types of
confinement is an extensive research topic. Previous studies on supercooled interfacial water in
various confinements, hard and soft, found a common change in the temperature-dependent
behaviour of correlation times [1,2]. However, the details of the dynamic crossover depend on
the rigidity of the matrix. It is the subject of controversial discussions whether or not this
phenomenon is indicative of a liquid-liquid phase transition of water [3]. To learn more about this
phenomenon, we combine broadband dielectric spectroscopy (BDS) with 2H nuclear magnetic
resonance (NMR) to study water dynamics in a new combination of hard and soft confinements,
explicitly porous boro-silicate glasses filled with silica-gel. This allows a comparison of the
effects of rigid and soft surfaces within the same material.

BDS shows that the dynamic crossover occurs for samples with silica-gel in the glass matrix
whereas an Arrhenius law is observed in the pure glass matrix for all temperatures. Performing
“H NMR measurements for different water contents, we follow the evolution of not only the time
constants but also the motional mechanism across the dynamic crossover. We find that the NMR
and BDS correlation times agree. Moreover, the 1D and 2D NMR line shapes indicate that water
reorientation is virtually isotropic both above and below the dynamic crossover.

[1] Weigler, M., Brodrecht, M., Buntkowsky, G., & Vogel, M. (2019). Reorientation of deeply cooled water
in mesoporous silica: NMR studies of the pore-size dependence. The Journal of Physical Chemistry B,
123(9), 2123-2134.

[2] Swenson, J. (2018). Possible relations between supercooled and glassy confined water and amorphous
bulk ice. Physical Chemistry Chemical Physics, 20(48), 30095-30103.

[3] Cerveny, S., Mallamace, F., Swenson, J., Vogel, M., & Xu, L. (2016). Confined water as model of
supercooled water. Chemical reviews, 116(13), 7608-7625.
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Biomass-derived polymers: dynamic fragility and gas-barrier
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In this work, we present our study on the relaxation dynamics of a series of randomcopolymers
based on bio-friendly comonomers with interesting gas barrier properties. We analyze the
relaxation response in the glassy and ultraviscous regime of poly(trimethylene
furanoate/sebacate) random copolymers via broadband dielectric spectroscopy. Our results reveal
lower values of dynamic fragility in comparison to popular polyesters widely used in industry,
such as poly(ethylene terephthalate). Since these copolymers show a lower transmission rate for
oxygen and carbon dioxide in comparison to poly(ethylene terephthalate), it is plausible to claim
that they adopt a better and more compact chain packing as compared to PET. The present
contribution underscores the relevance of a tentative correlation between dynamic fragility and
the gas transport properties of polymeric matrices that deserves to be tested more carefully soon.
We also discuss on different equations (phenomenological and theory-based approaches) for
fitting the temperature-evolution of the alpha relaxation time.

The figure below presents the repeat unit of poly(trimethylene 2,5-furandicarboxylate-co-
trimethylene sebacate) random compolymer and the specific compositions studied in this work.
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1Sanz A. et al. (2022) Relaxation Dynamics of Biomass-Derived Copolymers With Promising Gas-Barrier
Properties. Front. Chem. 10:921787. doi: 10.3389/fchem.2022.921787
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Understanding the properties of water in confinement is an important task due to its many
applications in life science and technology. The complex behaviour of water, however, leaves
many questions still unanswered, some owing to the inaccessibility of the ‘no man’s land’ for the
bulk liquid. In this region between 150 and 235 K water immediately crystallizes, making
experiments on bulk water very challenging.

Nano-confinement reduces the crystallization temperature of water to lower values and
supercooling to temperatures even below the homogeneous nucleation temperature is possible.
Different experimental methods show a dynamic crossover in the supercooled regime, the origin
of which is controversially discussed [1]. Our previous studies using ‘H NMR and mesoporous
silica as hard confinement revealed two dynamically distinguishable fractions of water coexisting
within the pores at sufficiently low temperatures. These fractions corresponded to a liquid
interfacial water layer and a distorted solid phase in the pore centre and suggested the crossover
not being caused by a liquid—liquid phase transition but rather a change from bulk-like to
interface-dominated dynamics [2], [3], [4].

The existence of the second solid phase, while posing many interesting questions, hampers the
more detailed analysis of liquid water inside confinement. To take a closer look we choose a
metal-organic framework, namely MFU-41 (Metal-organic Framework Ulm-4-l(arge)), which
offer several advantages compared to silica nanopores. MFU-41 forms a 3D network of spheric
pores with well-defined diameters (1.2 and 1.9 nm) and less hydrophilic surfaces than silica
nanopores [5]. BDS experiments by Fischer et al. [6] show a similar behaviour to our previous
studies employing MCM-41 with a crossover around 180 K.

Using ’H NMR we are able to probe local and long-range water dynamics over a broad
temperature and dynamic range. We find only one liquid water species and no freezing inside the
pores. Despite the absence of freezing we observe a change in the temperature dependence of
correlation times from VFT to Arrhenius behaviour and explore the shape of the spectral density
with different NMR methods.

1. S. Cerveny, F. Mallamace, J. Swenson, M. Vogel, L. Xu. Confined water as model of supercooled water.
Chemical reviews, 116(13), 7608-7625, (2016).

2. M. Sattig, M. Vogel. Dynamic crossovers and stepwise solidification of confined water: a 2H NMR study.
J. Phys. Chem. Lett., 5(1):174-178, (2013).

3. D. Demuth, M. Sattig, E. Steinriicken, M. Weigler, M. Vogel. ZH NMR Studies on the Dynamics of Pure
and Mixed Hydrogen-Bonded Liquids in Confinement. — Z. Phys. Chem., 232.7-8, 1059-1087, (2018).
4.Y. Yao, V. Fella, W. Huang, K. Zhang, K. Landfester, H.-J. Butt, M. Vogel, G. Floudas.
Crystallization and dynamics of water confined in model mesoporous silica particles: Two ice nuclei and
two fractions of water. Langmuir, 35(17), 5890-5901, (2019).

5. D. Denysenko, M. Grzywa, M. Tonigold, B. Streppel, I. Krkljus, ... & D. Volkmer. Elucidating Gating
Effects for Hydrogen Sorption in MFU-4-Type Triazolate-Based Metal-Organic Frameworks Featuring
Different Pore Sizes. Chemistry—A European Journal, 17(6), 1837-1848, (2011)

6. J. K. Fischer, P. Sippel, D. Denysenko, P. Lunkenheimer, D. Volkmer, A. Loidl. Supercooled water
confined in a metal-organic framework. Communications Physics, 3(1), 95, (2020)
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Impact of Intra- and Intermolecular Cross-Linking Density in
Dielectric Properties of Methyl Methacrylate-based

Copolymer
Soheil Sharifi', Isabel Asenjo-Sanz', José A. Pomposo'?, Angel Alegria'*

! Centro de Fisica de Materiales (CSIC, UPV/EHU)-Materials Physics Center (MPC), 20018
Donostia-San Sebastian, Spain
? Department of Polymers and Advanced Materials: Physics, Chemistry and Technology,
University of the Basque Country UPV/EHU, 20018 Donostia-San Sebastian, Spain

Broadband dielectric spectroscopy (BDS) was used to study the effects of Intra- and
Intermolecular cross-linking of polymer chains in the segmental dynamics. Copolymer composed
of Methyl Methacrylate (MMA) and Acetoacetoxyethyl methacrylate (AEMA) at different cross
link densities were studied. The intermolecular cross-linking was prepared from adding cross-
linker to the dilute solutions of copolymer promoting the formation of the so-called the single
chain nanoparticles (SCNPS). Intermolecular cross-link was promoted by using high copolymer
concentration in solutions when adding the crosslinker. The dielectric spectra show electrical in
all cases a conductivity contribution and three relaxation processes: a slow relaxation (o) and two
fast relaxations (B and y). Cross-linking density affects clearly the slow process, but the fast
processes are less affected. The glass transition temperarture increases with increase of cross-
linking density, and consquently the a-relaxation times also increase. There was also an increase
of the dynamic heterogeneity and the relaxation intensity when increasing the cross-linking
density in part attributed to the additional contributions from the crosslinking moiety. Clear
differences in the dynamic heterogeneities where observed when comparing intra- and
intermolecular cross-linking, which are associated to the sparse internal structure of the collapsed
single chains obtained by intramolecular cross-linking.

117



POSTER SESSION, Tuesday 6" and Wednesday 7™

Calcium ferrite, ecofriendly synthesized, for energy storage
applications

S. Soreto Teixeira'", H. Coutinho Gomes' and M.P.F. Graca'

'i3N-Physics department, University of Aveiro, 3810-193 Aveiro-Portugal

* silvia.soreto@ua.pt

This work proposes the synthesis of calcium ferrite (CaFe,O4) particles for application in
electrical energy storage. The ferrites were prepared using calcium and iron nitrates as raw
materials, by a protein sol-gel method, using coconut water, an “eco-friendly” and sustainable
route. The powders obtained were pressed in disks and heat-treated at temperatures between 400
to 1000 °C. The samples were subjected of structural, morphological and electrical
characterization. CaFe;Q; is present in the samples treated above 700 °C. However, at 800 and
1000 °C heat-treated present CaFe,O4 as a crystalline single phase without secundary phases.
From the morphological analysis, CaFe>O4 grains with an average size of 0.3 um (sample 800 °C)
and 1.2 pm (sample 1000 °C) were obtained.

Regarding the electrical measurements, the most promising sample is the one treated at 1000 °C
since it presents high dielectric constant (¢’=87132) and dielectric losses of 1.79, at 300 K and
100 Hz.
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Dynamics of Poly(cyclohexene carbonate) as a Function of
Molar Mass

Marianna Spyridakou', Christina Gardiner®, George Papamokos', Holger Frey?, George
Floudas'**
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I Max Planck Institute for Polymer Research, 55128 Mainz, Germany
* University Research Center of loannina (URCI) - Institute of Materials Science and
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Carbon dioxide, the main greenhouse gas, offers exciting possibilities for polymer synthesis due
to its low cost and natural abundance.'? Stereoregular poly(cyclohexene carbonate) (PCHC)
homopolymers were prepared via copolymerization of cyclohexene oxide and carbon dioxide
(CO») using (R,R)-(salcy)-CoCl and bis(triphenylphosphine)iminium chloride as a catalyst.’ The
homopolymers had molar masses in the range of 4800 g-mol™ to 33000 g'mol”'. PCHC is viewed
as rigid and biodegradable, an alternative bio-based polymer to polystyrene. We employed
differential scanning calorimetry and dielectric spectroscopy, the latter as a function of
temperature and pressure, for the thermal properties and the molecular dynamics, respectively.
The segmental dynamics in the vicinity of the liquid-to-glass temperature was very complex. The
dual segmental processes were inseparable by decreasing temperature or by increasing pressure.
Based on DFT calculations of the dipole moment, they were ascribed to different stereo sequences
of the PCHC backbone. The limiting glass temperature, 7, for very high molar masses was ~ 125
“C. The high T, value obtained herein well justifies its application as a CO»-based alternative for
polystyrene in a variety of materials based on block copolymers. Moreover, fragility increased
with increasing molar mass with values intermediate to poly(styrene) and poly(cyclohexyl
methacrylate). The flexible cyclohexyl group in PCHC undergoing intra-molecular chair-to-chair
conversion increases the packing ability and consequently decreases the fragility. PCHC is a
brittle material, because it lacks entanglements even for the higher molar masses investigated
herein, which is relevant for application as a polystyrene substitute. Within the investigated range
of molar masses the dependence of the terminal relaxation times, tnm, and of the zero-shear
viscosity, #,, on molar mass, M, have respective dependencies as tnw/tsm~ M ** and 7o~ M '
revealing an intermediate behavior between Rouse and entangled chains.

Acknowledgments

This project was supported by H.F.R.I. Research Projects to Support Faculty Members and
Researches, co-financed by the European Investment Bank. Project 183: "Polymer Dynamics
under 2D confinement (POLY CONF)"

[1] Cohen, C. T.; Thomas, C. M.; Peretti, K. L.; Lobkovsky, E. B.; Coates, G. W. Dalton Trans. 2006, 237—
249.

[2] Kember, M. R.; Williams, C. K. J. Am. Chem. Soc. 2012, 134, 15676—15679.

[3] Spyridakou, M.; Gardiner, C.; Papamokos, G.; Frey, H.; Floudas, G. ACS Appl. Polym. Mater. 2022.
(DOI: 10.1021/acsapm.2¢00299)

P25

119



POSTER SESSION, Tuesday 6" and Wednesday 7™

H NMR and BDS studies on water dynamics in amino-acid
functionalized silica nanopores

Elisa Steinriicken', Michael Vogel'

'TU Darmstadt, Institute of Condensed Matter Physics, Hochschulstr. 6, 64289 Darmstadt,
Germany

We investigate water dynamics inside various amino-acid functionalized silica pores with
diameters of ~6 nm which serve as model biological confinements. Using these porous systems
we are able to compare the influence of individual amino acids on water dynamics under
confinement conditions. Specifically, we link basic lysine, neutral alanine, and acidic glutamic
acid to the inner surfaces. We use a combination of “H nuclear magnetic resonance (NMR) and
broadband dielectric spectroscopy (BDS) to disentangle the rotational motions of the surface
groups and the crystalline and liquid water fractions coexisting below partial freezing. Unlike the
crystalline phase, the liquid phase shows reorientation dynamics strongly depending on the
modifications of the inner surfaces. In the temperature range of ~200-250 K we gain access to
the rotational correlation times of the liquid water phase via spin-lattice relaxation. We observe
that the time scale of water reorientation varies by about two orders of magnitude at the different
surfaces [E. Steinriicken et al., J. Chem. Phys. 154, 114702, 2021]. Furthermore, we extend the
accessible temperature range to lower temperatures with BDS measurements, gaining access to
correlation times of both the liquid water phase and the internal ice phase. The studies consistently
show that water reorientation is slowest for the lysine functionalization, followed by alanine and
glutamic acid and, finally, the native silica pores.
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Surface Functionalized Mesoporous Silica Nanoparticles to
Encapsulate Amorphous Fenofibrate
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Spherical mesoporous silica nanoparticles (MSNs) with a narrow distribution of external
size around 49 nm and ordered cylindrical pores were synthetized and structurally characterized
by SEM and TEM. The surface was posteriorly modified with (3-Aminopropyl) triethoxysilane
(APTES) and trimethoxy(phenyl)silane (TMPS) and the density of grafted functional groups was
quantified by "H-NMR. Fenofibrate (FNB) drug, was loaded in unmodified and modifies MSNs,
respectively FNB@MSN, FNB@APTES and FNB@TMPS. A posterior washing of the
nanocomposites with ethanol revealed that the capacity of FNB retention is clearly improved by
the presence of any of the grafted functional groups, which may result useful to attain a long-term
release profile.

To investigate the impact of surface functionalization over the drug physical state and
molecular mobility, all the prepared composites were thermally (differential scanning
calorimetry, DSC) and dynamically (dielectric relaxation spectroscopy, DRS) characterized, and
the respective behavior compared with the neat drug.

The tendency of neat amorphous FNB to recrystallize was supressed when it was loaded
in ~3 nm pore sizes, indicating that the critical nuclei diameter for FNB crystallization is above
that value. Moreover, the onset of the glass transition (Ty) was slightly shifted to lower
temperatures when the drug was loaded in unmodified MSN, and modified with APTES
composite, while it increased in the case of incorporation in TMPS modified matrix. The former
result is justified by a confinement effect due to the interference of incorporating dimensions with
the cooperativity length scale of FNB dynamic glass transition; by other side, when FNB is loaded
in nanoparticles modified with TMPS, the surface interaction lead to a T, increase of FNB.
Dielectric relaxation spectroscopy confirms these effects and allowed to disclose the calorimetric
broad glass transition step in multiple relaxations associated to different FNB populations, from
highly mobile in the pore core to anchored at the pore wall.
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Microstructural features of distinct ZnQO particles studied via
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Structural and microstructural features of ZnO particles prepared by different routes were
determined by pressure-induced synchrotron powder X-ray diffraction measurements and
complemented by the results of optical micrographs showing the morphological diversity of
different ZnO polycrystals. In particular, the pressure-induced change in crystallite size and the
contributions of internal strain to the mechanical properties of nanocrystalline ZnO were
systematically scaled.

A transition from wurtzite to rocksalt phase in ZnO with spherical nanoparticles grown
hydrothermally from ethanolic solution resulted in a strong ~21% collapse in unit cell volume at
~17.68 GPa, whereas compression of spindle-shaped ZnO particles prepared in NaOH with
calcination treatment led to the formation of an exclusively cubic phase at 13.77 GPa, reflecting
a ~20% unit cell volume collapse. Interestingly, the fingerprints of the cubic diffraction patterns
in spherical ZnO did not reappear upon decompression from ~29 GPa - the hexagonal structures
were preserved beyond the upward transition pressure, whereas in contrast, a very different trend
was observed in spindle-shaped ZnO after depressurization, showing a reversible pressure-
induced structural transition to single-phase hexagonal symmetry by slowly depressurizing from
15.46 GPa to ambient pressure. These different features point to a rather contradictory
revresibility phenomenon that needs to be investigated: why do the phase-pure ZnO samples of
the cubic assemblies show different transformation activities at the same pressure ranges? This
tricky behavior results from the differences in surface energy between the crystalline phases and
the volume collapse ratio. In addition, the particle size significantly affects the pressure range of
phase stability and the final ratios of rocksalt and wurtzite phases at ambient conditions in
different ZnO samples.

The microstrain response of ZnO particles to applied hydrostatic pressure was
investigated up to 30 GPa and revealed that the diversity of ZnO particle size and shape
determines the reversibility of wurtzite to rock salt transformation by dictating the microstructure-
dependent deformation behavior and ultimately leading to different microstrain responses to
hydrostatic pressure.
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Effects of Confinement on the
Slow Arrhenius Process in Thin Polymer Films
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An open question in nonequilibrium physics is the search for the mechanism behind fast
equilibration in the glassy state, i.e., equilibration processes taking place on relatively short
timescales (hours, days, months), as opposed to what would be expected if they were controlled
solely by segmental or molecular reorientation (years, centuries, millennia, ...). Recent BDS
measurements on thin polymer films show the presence of a simple thermally activated molecular
process with the same activation energy as that of fast equilibration mechanisms, indicating a
common origin mechanism [1]. This so-called Slow Arrhenius Process (SAP) can be detected as
a Debye-like peak both in the glassy and in the liquid state, i.e., a crossover with the super-
Arrhenius-like segmental a-process is observed.

Investigating the molecular mechanisms associated with the SAP (and thus, fast equilibration),
we systematically characterise the impact of 1D-confinement on this process in poly(4-
bromostyrene) (P4BS), a model system. Here we present dielectric spectra of spincoated P4BS
films of variable thickness and their analysis based on the deconvolution of the contribution of
the segmental and SAP relaxations.

We find a clear relation of film thickness and relaxation strength of the SAP, with thicker films
featuring a more intense process, while no systematic impact of confinement on other parameters,
including the activation energy, is observed. Analysis of isochronal data confirms that the
activation energy remains constant over the whole temperature range, meaning both above and
below the glass transition temperature. Our results hint that SAPs involve structures extending
over length scales larger than those associated with segmental dynamics.

[1] Song, Zijian et al., Fast equilibration mechanisms in disordered materials mediated by
slow liquid dynamics, Sci. Adv., 8, 15, 2022.
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