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We are delighted to gather the Molecular Liquids community in Trieste from
8 to 13 September 2024 for the annual joint meeting of the European Molec-
ular Liquids Group (EMLG) and Japanese Molecular Liquids Group (JMLG).
The EMLG-JMLG group is a network of researchers interested in the study
of the structure, dynamics and interactions of molecules in liquid systems
by experimental, theoretical and simulation techniques. The European group
was founded in 1981 and was joined by the Japanese group in 1996. Inter-
national conferences were organized since 1982 in different countries, with
topics covering molecular aspects of fluids in Physics, Chemistry and Biolo-
gy. The main aim of these interdisciplinary conferences was to bring together
scientists working on the field, to favour international cooperation and infor-
mation exchange between researchers and students.

The EMLG-JMLG 2024 conference will take place at the Budinich Lecture
Hall of The Abdus Salam International Centre for Theoretical Physics (ICTP)
in Trieste (Italy) from September 8 to 13, 2024.

The EMLG-JMLG 2024 annual meeting will focus on the most recent experi-
mental, theoretical and computational findings concerning the structure and
dynamics of hydrogen bonded systems. These encompass water and wa-
ter mixtures, ionic liquids, deep eutectic solvents, biomolecules, biomolecu-
lar condensates, biological membranes, aqueous interfaces. Additionally, the
conference will address traditional topics within the realm of the physical
chemistry of molecular liquids including, pure liquids and mixtures, supercrit-
ical fluids, glassy systems, soft matter and colloids, bio-based solvents, and
more. Particular attention will be paid to the use of synchrotron-based tech-
niques for the study of liquid systems and soft matter. The EMLG-JMLG 2024
annual meeting is organized with the support of Elettra Sincrotrone Trieste,
a multidisciplinary research centre of excellence, open to the international
research community, specialized in generating high quality synchrotron and
free-electron laser light and applying it in materials and life sciences.

We are looking forward to meeting you in Trieste!
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Trieste lies in the northernmost part of the high Adriatic in northeastern ltaly,
at the head of the Gulf of Trieste, on a narrow strip of Italian territory lying near
the border with Slovenia.

It is the capital of the autonomous region of Friuli Venezia Giulia. Thanks to
its deep-water port, Trieste is a maritime gateway for northern Italy, Germany,
Austria and Central Europe.

It is also an important research location in Europe because of the numerous
international organizations and institutions hosted in its territory.

Trieste is a beautiful and cultural city, whose cosmopolitan character can be
found in the characteristic mixture of languages, peoples and religions. For
centuries it acted as a bridge between Central Europe with the Mediterrane-
an Sea being at the intersection of Latin, Slavic and Germanic cultures. The
heart of the city is Piazza Unita d’ltalia, which is the Europe’s largest sea-front
square, surrounded by monumental building, whose view can be spectacu-
larly appreciated when walking on Molo Audace, a pier which extends for 200
meters in the sea.

In the vicinity one can admire the beautiful Canal Grande and the Greek Or-
thodox Church of San Nicolo. In the distance, the white profi le of Miramare
castle looks over the gulf.

It was the romantic residence of Maximilian and Charlotte of Habsburg and
now offers the public a chance to see the collection of original furnishings
and to enjoy a walk in the park.

Admiring the sunset over the sea in Trieste is an exquisite experience, where
the golden hues dance upon the waves, creating a breathtaking symphony
of colors and emotions.

For more than 50 years, the Abdus Salam International Centre for Theoretical
Physics (ICTP) has been a driving force behind global efforts to advance sci-
entific expertise in the developing world. Founded in 1964 by the late Nobel
Laureate Abdus Salam, ICTP is a unique institution that explores fundamental
scientific questions at the highest level, promotes active engagement with
scientists in developing countries, and advances international cooperation
through science. ICTP alumni serve as professors at major universities, chair-
persons of academic departments, directors of research centres and minis-
ters of science and technology in nations throughout the developing world.
Many of them have been recognized in their own countries and internationally
for their contributions to science and science policy. The impact of ICTP ex-
tends well beyond the Centre’s facilities to virtually every corner of the Earth.
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Paul S. Cremer
Department of Chemistry, Penn State University, USA

Numerous examples of charged interfaces in aqueous solutions are found in natural
and synthetic systems. Examples include lipid bilayers, micelles, macromolecules,
and double-stranded DNA. Many of these interfaces are negatively charged with five
functional groups playing very significant roles: sulfate, sulfonate, phosphate, phos-
phonate, and carboxylate. Metal cations in the aqueous solution form a double layer
near these surfaces and can interact directly with the anionic functional groups via
contact ion pairing (CIP) and solvent shared ion pair (SIP) formation. Cation binding
often follows a Hofmeister series and the nature of the anionic headgroup as well as
the supramolecular arrangement of the negative charges can play a decisive role in
determining binding order as well as whether a metal cation will form CIPs or SIPs.
Of course, H-bonding is one of the most important factors in determining the specific
structure of ion pairing. This is because the separated hydrated ions have chemically
specific H-bonding structures that must be disrupted in order for CIP and even SIP
pairing to occur. Moreover, water molecules expelled from the hydration shell of each
ion are free to go off into the bulk aqueous solution and form new water-water H-bond-
ing interactions. The type of binding and the set of rules that govern ion pair formation
will be discussed in this talk. Specifically, both thermodynamic and spectroscopic
data for monovalent and divalent metal cation binding will be presented.
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Ivo Nezbeda, Jiri Skvara, Milan Predota
Faculty of Science, J. E. Purkinje University

The structural and dynamic properties of water can be strongly influenced by the sur-
face geometry and their interactions. There are two issues to be addressed: (i) the
property of the surface and (i) the effect of curvature.

In this work, molecular dynamics simulation was used to study the behaviour of the
SPC/E water at both hydrophilic and hydrophobic spherical surfaces including the lim-
iting case of a planar surface. These surfaces were simulated using the coarse-grained
spherical graphite particles of different radii.

To study the effect of the sphere diameter on the local structural arrangement, interfa-
cial water molecules as well as three successive molecular layers were identified and
their properties were compared with a reference planar wall system represented by
the 9-3 Lennard-Jones potential. The molecular layers were identified using our imple-
mentation of the a-shape algorithm known as the Universal Scheme for Triangulated
Interfaces.

The most important/interesting result is found for the hydrophilic surface when
the molecules in the first spherical layer form a 2-dimensional layer with saturated
H-bonds so that with respect to other layers this innermost layer represents a simple
structureless wall.
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Toshio Yamaguchi'?, Zhuanfang Jing', Hongyan Liu', Yongquan Zhou'
Takanori Hattori®, Takeshi Yamada*

1) Qinghai Institute of Salt Lakes, Chinese Academy of Sciences, Xining, Qinghai
810008, China

2) Department of Chemistry, Fukuoka University, Fukuoka 8140180, Japan

3) J-PARC Center, Japan Atomic Energy Agency, Tokai 3191195, Japan

4) Neutron Science and Technology Center, Comprehensive Research Organization
for Science and Society, Tokai 3191106, Japan

The static structure and dynamic properties of ion solvation at the molecular level
are essential for understanding physicochemical properties and chemical processes’
underlying mechanisms in geology, biology, and environmental science. The nature
of ion solvation depends on the charge and size of ions. It is discussed based on the
structure-making/breaking concept, the Kosmotope/Chastrope effect, and the Hof-
meister sequence under ambient conditions. In this study, we perform neutron dif-
fraction combined with empirical potential structure refinement modeling, quasielastic
neutron scattering, and molecular dynamics simulation on a series of aqueous alkali
metal chloride solutions at 0.1 MPa and 1 GPa at 298 K. Under ambient conditions,
Li+ and Na+ have distinct solvation shells extended to the third neighbor, whereas K+,
Rb+, and Cs+ have a broad first solvation shell only. The self-diffusion coefficient of
solvation water around Li+ and Na+ is lower, but that of Rb+ and Cs+ is larger than
that of pure water. Upon compression to the gigapascal pressure range, K+, Rb+, and
Cs+ solvation shells are developed to the third neighbor shell. The self-diffusion co-
efficients of these ions become smaller than that of pure water. These findings in the
static structure and dynamic properties demonstrate that K+, Rb+, and Cs+ behave as
structure-making ions at high pressures. This transformation is caused by the struc-
tural change of solvent water from the tetrahedral network structure to the densely
packed arrangement in the gigapascal pressure range. The present results hint at
understanding geological processes in the Earth’s upper mantle, pressure-induced
protein folding, and the formation of salty ice in planetary science.

[1] Z. Jing, Y. Zhou, T. Yamaguchi, K. Yoshida, K. Ikeda, K. Ohara, G. Wang, J. Phys. Chem. Lett.,
**2023**, *14*, 6270-6277.
[2] T. Yamaguchi, J. Mol. Lig., **2024**, *395*, 123919.
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Pal Jedlovszky
Eszterhazy Karoly Catholic University, Hungary

Salts of simple ions, such as alkali halides are long known to be effectively repelled
from the surface of water, as they increase the surface tension of their solution. In spite
of this long-standing notion, it was shown two decades ago both experimentally and
by simulations that large, polarizable simple anions, such as |-, are accumulated at
the surface of their aqueous solutions. However, the seeming contradiction between
the surface accumulation of such ions and the increase of the surface tension by their
salts has to be resolved.

We perform a set of MD simulations of the aqueous solutions of alkali CI- and Na+ hal-
ide salts using both nonpolarizable and polarizable models, and analyze the properties
of the liquid surface using the ITIM method [1]. This way, we can see the variation of
structural [2], dynamical [3], and dipolar [4] characteristics of the particles pertaining to
the subsequent molecular layers beneath the surface; and calculate profiles of various
quantities along the surface normal relative to the intrinsic, capillary wave-corrugat-
ed surface rather than to the average Gibbs dividing surface. The intrinsic treatment
provided us with unprecedented details of the liquid surface, and revealed, that the
surface layer, containing I+ ions in excess concentration, is followed by layers of its
depletion, resulting in a net negative surface excess, in line with the increase of the
surface tension. The surface charge imposed by the surface accumulation of the I-
ions is compensated by a diffuse layer of the cations, giving rise to an electric double
layer structure that is compatible with the Gouy-Chapman theory.

We find that the negative surface excess and surface tension increase of the I- salts
is caused by the overcompensation of its surface accumulation by the effective re-
pulsion of the small alkali cations from the surface. This finding raises the question
whether the combination of I- with a large enough simple cation results in a surface
active simple salt. We address this issue in two ways. First, we show by simulation
that the fictitious salt in which the cation is identical, apart from its charge, with |-, is
indeed surface active [5]. Second, we demonstrate by a combined experimental and
simulation study that tetramethylammonium iodide, consisting of a quasi-spherical
quasi-simple cation, is indeed mildly surface active [6].

[1] L. B. Partay, Gy. Hantal, P. Jedlovszky, A. Vincze, G. Horvai, J. Comp. Chem. 29 (2008) 945.

]
[2] G. Hantal, R. A. Horvéath , J. Kolafa, M. Sega, P. Jedlovszky, J. Phys. Chem. B 124 (2020) 9884.
[3] G. Hantal, J. Kolafa, M. Sega, P. Jedlovszky, J. Phys. Chem. B 125 (2021) 665.
[4] G. Hantal, J. Kolafa, M. Sega, P. Jedlovszky, J. Mol. Lig. 385, 122333 (2023)
[5] G. Hantal, M. Klima, L. McFegan, J. Kolafa, P. Jedlovszky, J. Phys. Chem. B 127 (2023) 6205.
]

[6] L. McFegan, A. Juhasz, P. Marton, Z. Horvélgyi, A. Jedlovszky-Hajdl, G. Hantal, P. Jedlovszky,
J. Phys. Chem. B 127 (2023) 5341.
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Abdenacer Idrissi', Artem Shagurin'?, Frangois Alexandre Miannay’, Mikhail Kiselev?,
Pal Jedlovszky*, Frédéric Affouard?

1) University of Lille, CNRS-LASIRe 8516, Lille, 59000, France

2) University of Lille, CNRS-UMET 8207, Lille, 59000, France

3) G.A. Krestov ISC-RAS, Ivanovo, 153045, Russia

4) Department of Chemistry, Eszterhazy Karoly University, Hungary

Performing molecular dynamics simulations with the TIP4P/2005 water model along 9
isobars (from 175 bar to 375 bar) in the temperature range between 300K and 1100K.,
we have found that the loci of the extrema in the rate of change of specific structural
properties can be used to define purely structure-based Widom lines. We have exam-
ined several parameters that describe the local structure of water, such as tetrahedral
arrangement, nearest neighbor distance, local density around the molecules, and the
size of the largest dense domain (see Figure 1). The last two parameters were deter-
mined using Voronoi polyhedral and Density-based Spatial Clustering of Applications
with Noise methods, respectively. By analyzing the moments of the associated distri-
butions, we show that along a given isobar, the temperature at which we observe a
maximum in the fluctuation, the rate of change of the average values, or in the skew-
ness values, unambiguously determine the Widom line that is in agreement with the
experimentally detected, thermodynamic response function-based ones.

[1] Artem Shagurin, Frangois Alexandre Miannay, Michael Kiselev, Pal Jedlovszky, Frédéric Affouard,
Abdenacer Idrissi, J. Phys. Chem. Lett. 2024, 15, 5831-5837
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Zoe Macpherson', Cecilia Barrera', Jose Gomes?, Miguel Jorge', Leo Lue'
1) University of Strathclyde, United Kingdom
2) CICECO-University of Aveiro, Portugal

Supercritical water shows great promise as a new green solvent, with applications in
hydrogen generation from biomass and in wastewater treatment. These applications
depend crucially on the ability to tune the solvation environment provided by water
by manipulating the thermodynamic conditions. In water, the solvation environment
is mainly a consequence of the electrostatic, hydrogen bonding, and dispersion in-
teractions between molecules. In the liquid state, a continuous network of hydrogen
bonds dominates the fluid structure, but as supercritical conditions are approached
and superseded, this network becomes increasingly disrupted. The dipole moment
characterizes the electrostatic interactions in the system, and plays a significant role
in determining the thermophysical properties of a fluid, particularly its solvation prop-
erties and dielectric constant. In the gas phase, water molecules have a dipole mo-
ment of 1.85 D; however, in condensed phases, surrounding molecules polarize one
another, significantly increasing their dipole moments. Despite its fundamental and
practical importance, it remains very challenging to experimentally measure and even
theoretically predict the molecular dipole moment in condensed phases, particularly
for supercritical states where spacial correlations between molecules are long-ranged.
Recently, we developed the Self-Consistent Electrostatic Embedding (SCEE) meth-
od, which is able to accurately estimate the molecular dipole moment in condensed
phases with relatively low computational expense. In this approach, classical MD
simulations are used to explore phase space in combination with high-level QM/MM
methods to compute the electronic properties. We have previously demonstrated its
ability to determine the dipole moment of water at ambient conditions, obtaining a
value of ~2.8 D.1 This is in excellent agreement with previous ab initio MD calculations
and experiment. In this work, we apply SCEE to examine the molecular dipole moment
of water across a broad range of conditions, covering the liquid, vapor and supercrit-
ical regions. We investigate the fluid structure and molecular polarization of water,
decoupling local and mean-field polarization contributions and providing a clear link
between hydrogen bonding and induced dipole moment. We also show that this new
physical insight is generalizable to a variety of other compounds, including alcohols
and ketones.2,3 Finally, we present preliminary work on estimating the static dielec-
tric constant and dielectric response by applying post facto polarization corrections
based on the induced dipoles to the predictions of MD simulations4.

[1]1 M Jorge, JRB Gomes and AW Milne, J. Mol. Liq., 2021, 322, 114550.

[2] M Jorge, MC Barrera, AW Milne, C Ringrose and DJ Cole, J. Chem. Theory Comput., 2023, 19,
1790-1804.

[3] M Jorge, JRB. Gomes and MC Barrera, J. Mol. Lig., 2022, 356, 119033.

[4] M. Jorge and L. Lue, J. Chem. Phys. 2019, 150, 084108.
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Zahra Tohidi Nafe, Adam Madarasz
Research Centre for Natural Sciences , Hungary

Although the dielectric properties of ice lh have been investigated extensively in the
past decades both theoretically and experimentally, still there is no consensus wheth-
er the dielectric constants (€) are the same in different directions in the ice crystal [1-5].
Additionally, certain data suggest variations in the static dielectric constants between
ordinary and deuterated ice, with the latter demonstrating higher values.

In this study, we present a comprehensive investigation employing combined theoret-
ical methods to explore the dielectric properties of ice Ih. We utilized Neural Network
Potentials (NNP) alongside the Amobea14 force field for optimizations and molecular
dynamics (MD) simulations. Our findings indicate that the Amobea14 force field ac-
curately reproduces the energies predicted by NNP, which were trained using Density
Functional Theory (DFT) methods.

To calculate the dipole moments both non-polarizable and polarizable force fields
were tested. Additionally, we employed the Generalized Smoothed Trajectory Analysis
(GSTA) method to assess nuclear quantum effects (NQE) on the dielectric constant of
ice Ih.

Several thousand independent proton-disordered configurations were generated by
the Genlce program. With this large number of configurations, we were able to cal-
culate the difference in dipole moments in different directions with small uncertainty.
Moreover, the impact of the size of the simulation box on the € of ice |h was investi-
gated.

In summary, our study shows that it is crucial to use a large number of independent
configurations and polarizable force field to explore the dielectric properties of ice Ih.
Also, it is not enough to use only optimized structures, but molecular dynamics simu-
lations need to be performed, because the dipole moments change significantly with
simulation temperature.

[1] Kawada, S. Dielectric Properties of Heavy Ice Ih (D20 Ice). J. Phys. Soc. Jpn. 1979, 47, 1850-1856.
[2] MacDowell, L. G.; Vega, C. Dielectric Constant of Ice Ih and Ice V: A Computer Simulation Study.
J. Phys. Chem. B 2010, 114, 6089-6098.

[3] Johari, G. P; Whalley, E. Dielectric Properties of Ice Ih in the Range 272-133 K. J. Chem. Phys. 1981,
75, 1333-1340.

[4] Moreira, P. A. F. P; de Koning, M. Nuclear Quantum Fluctuations in Ice Ih. Phys. Chem. Chem. Phys.
2015, 17, 24716.

[5] Aragones, J. L.; MacDowell, L. G.; Vega, C. Dielectric Constant of Ices and Water: A Lesson about
Water Interactions. J. Phys. Chem. A 2011, 115, 5745-5758.
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Francois-Alexandre Miannay?, Yevheniia Smortsova', Jean-Paul Cornard?,
Julien Dubois?, Jérémy Gaillard?

1) Deutsches Elektronen-Synchrotron DESY

2) Université de Lille, LASIRE UMR 8516

Investigations on morin and metallic cations:morin time-resolved spectroscop-
ic characterization will be presented. We explore, here [2], for the first time metallic
cations:morin complexes with Ca(ll), Zn(ll) and Al(lll) in MeOH by steady-state and
picosecond time-resolved fluorescence techniques. We evidenced that the metallic
cations:morin complexes could exhibit typical pico- and nanosecond time-resolved
signatures. We observed that for the metallic cations, with the lowest complexation
efficiency, we still see traces of the emission of the morin:solvent complex that we
evidenced in our former article[1]. Therefore, supported by steady-state and time-re-
solved spectroscopies, we present an argued assignment of the time-components
extracted from the fluorescence decays to the main species present in solution. We
investigated with more accuracy and sensitivity (by time-resolved fluorescence) the
presence of cation in aqueous solutions than it was already performed in literature.

In this work, we tried to answer a problematic for which discrepancies and no pre-
cise answers has never been given: is it possible to identify the various cation:morin
complexes as well as the different free morin species in solution by time-resolved
fluorescence? What kind of new insights on complexes metallic cation:morin’s pho-
todeactivation can be extracted from time-correlated single photon counting with a
32-picosecond time-resolution? Do the time-resolved emission spectra (TRES) help
us to assign to metallic cation:morin complexes their own time-component?

We hope that this work will stimulate the development of new methods for the de-
tection of metallic cations in water including time-resolved fluorescence techniques.

[1] Smortsova, Yevheniia ; Gaillard, Jérémy ; Miannay, Frangois-Alexandre ; Cornard, Jean-Paul. A pico-
second time-resolved spectroscopic investigation of pH effect on morin fluorescence. Chemphyschem,
2020-09

[2] Smortsova, Yevheniia ; Gaillard, Jérémy ; Cornard, Jean-Paul ; Miannay, Francois-Alexandre. New
insights on the picosecond time-resolved fluorescence signatures of metal cation-Morin complexes.
Journal of molecular liquids, 2023-10, Vol.387, p.122637.
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Nicolas R de Souza, Alice Klapproth
Australian Centre for Neutron Scattering (ANSTO)

The Australian Centre for Neutron Scattering operates a suite of fifteen neutron instru-
ments distributed around the thermal- and cold-sources of the OPAL nuclear reactor,
ANSTO, Australia. Two of the cold instruments are optimized for quasielastic neutron
scattering (QENS) measurements.

This presentation will highlight the scientific capabilities of the Emu backscattering
spectrometer enabling access to microscopic, molecular dynamics up to about 2 ns
time scale, as manifest in the momentum transfer range of 0.27 to 1.8 An-1, Investiga-
tions of diffusive processes in organic materials make up the bulk of applications with
that technique, while spectroscopy of low-lying excitations such as quantum rotation-
al tunneling is also possible. The technique affords great sensitivity to hydrogenous
species including H relaxation processes. In favorable cases, sensitivity to weaker
scattering elements such as e.g. D, Na, O, ... is achieved [1].

The most-requested sample environment is a 1.5...750K cryofurnace in optional com-
bination with other sample conditioning schemes such as gas delivery, pressure, light
irradiation, electrical field, ... Other sample environment equipment may be requested
or jointly developed. Beamtime allocation is merit-based.

Applications to various areas will be presented to highlight the versatility of the spec-
trometer in investigations of liquid dynamics in bulk and heterogeneous phases, from
simple fluids to polymers and biophysics, from the fundamental to the applied do-
mains [2-5]. In addition to fully-fledged QENS studies, elastic- and inelastic- fixed
window scans add relevance to backscattering spectroscopy, as further illustrated by
a handful of recent high impact studies [4]. The typical combination of data from Emu
and other neutron spectrometers, and other techniques will be discussed.

[1] Cheung EA, et al (2021). “Structure and Dynamics in Mg2+-Stabilized y-Na3PO4”.

J Am Chem Soc 143 17079

[2] Skukauskas V, et al (2024). “Probing the dynamics of methanol in copper-loaded zeolites via
quasi-elastic and inelastic neutron scattering”. Front Chem Sci Eng in press

[3] Kikuchi, et al (2024). “Detailed dynamical features of the slow hydration water in the vicinity of
poly(ethylene oxide) chains”. J Chem Phys 160 064902

[4] Zhang S, et al (2021). “Investigations of structural and dynamical mechanisms of ice formation
regulated by graphene oxide nanosheets”. Struct Dyn 8 054901

[6] Kim S, et al (2023). “QENS study on local segmental dynamics of polyelectrolytes in complex coac-
ervates”. Polymer 264 125525

[6] Ye Y, et al (2024). “Direct Observation of the Mutual Coupling Effect in the Protein-Water-Glycerol
Mixture by Combining Neutron Scattering and Selective Deuteration”. J Phys Chem B 128 405

[7]1 Zhao W, et al (2022). “Proteome-wide 3D structure prediction provides insights into the ancestral
metabolism of ancient archaea and bacteria”. Nat Commun 13 7861
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Damien Laage, Axel Gomez, Ward Thompson
Ecole Normale Supérieure | PSL

The transport of excess protons in water is central to acid-base chemistry, energy pro-
duction, and biochemical processes. However, elucidating its molecular mechanism
remains challenging due to the ultrafast proton dynamics. While pioneering molecular
simulations had proposed a mechanism, the latter was recently questioned by non-
linear vibrational spectroscopy measurements. We have performed neural-network
potential-based ring-polymer molecular dynamics simulations and vibrational spectra
calculations to characterize the molecular mechanism of proton transport and identify
its rate-limiting step. We have determined that excess proton transfer in water in-
volves successive intermediates where the proton is localized and hydrated by distinct
and stable Eigen-like and Zundel-like hydrogen- bond configurations, whose spectral
properties are in agreement with the nonlinear vibrational spectroscopy observations.
The proposed mechanism, supported by simulations, thus provides a molecular pic-
ture consistent with the latest experimental characterizations of proton dynamics. Our
results show that proton transport in water is controlled by sequential exchanges be-
tween stable hydrogen bonds around the proton-donating and accepting water mol-
ecules.
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Pierre Garcabal
CNRS ISMO, France

Hydrogen bonding is at the centre of the interplay between biomolecules and their
environment, mostly composed of water and other biomolecules. Sugars belong to
one of the most important class of biomolecules and they are key actors of a variety
of biological processes, including vital molecular recognition mediated by non-cova-
lent interactions. These especially flexible molecules encode molecular information
through their chemical composition AND their conformational preferences, closely re-
lated to the direct and local environment in which they are embedded.

Using mass resolved, conformer selective double resonance vibrational spectroscopy
with systematic use of isotopic substitution, we can interrogate the conformational
choices of isolated sugars and the effect of a controlled number of surrounding mol-
ecules. So far, in the case of sugar-water interaction studies, we have mostly focused
on the effect of water on the sugar conformer.

We will present most recent results evidencing the symbiotic structuring behaviour of
solvent molecules on sugars, and in return of sugars on the solvent. This relies on the
identification of hydrated clusters of sugars structures where the OHs of the sugar and
water molecules create the same H bond networks than those that have been long
studied for water oligomers. These findings echoes to the concept that sugars can
be seen as “pre-organized water oligomers” with the ability of shaping and affecting
its own environment. This unique property of sugars could be the fundamental key to
understand the basis of their central role in molecular recognition.
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Katalin Bere, Balint Bakk, Istvan Szilagyi

University of Szeged, Eszterhdzy Karoly Catholic University, Hungary

Due to human and industrial activities nanoplastics (NPLs) and per- and polyfluori-
nated substances (PFASs) are recognized as one of the most hazardous emerging
contaminants of the nature. Owing to their colloidal size distribution these particles
can easily enter to living organisms, where they can exert their harmful effects. Their
migration properties are largely affected by the parameters of the solid-liquid interface
and strongly influenced by the chemical composition of the media. The presence of
PFASs may lead an interaction with NPLs which causes the formation of adducts with
unknown colloidal properties and health effects.

In this project, aggregation and adsorption processes of oppositely charged NPLs
with different fluoroalkyl chain length-PFASs were examined in the presence of mo-
no-and multivalent electrolytes. The interparticle forces and the colloidal stabilities
were followed by light scattering techniques.

The results of the zeta potential measurements were shed light, that in case of pos-
itively charged NPLs, the length of the carbon chain greatly affected the affinity of
PFASSs to the surface of the particles. During the adsorption, charge neutralization and
reversal were detected at appropriate concentrations and the affinity of PFASs to the
NPLs surface followed the C4 < C6 < C8 order. Paralell to this, at high positive and
high negative potentials stable systems were observed while at the isoelectric point
(IEP), destabilization processes were took place. In the IEP where the charge reversal
was detected, the particles underwent rapid aggregation processes, which indicated
by large hydrodynamic radii values, respectively.

In contrast, in case of negatively charged particles significant changes were not expe-
rienced by varying the chain length.

In addition, the effects of the ionic valence of salt components were played a signifi-
cant role for both particle types. Owing to the salt components, the electrical double
layer of the particles was shrank and the extent of the shrinking followed the Na+<
Ca2+ < La3+ order. The destabilization impact was the most significant in case of
trivalent ions which led the formation of unstable particle dispersions at relatively low
salt levels.

Based on these results, one can conclude that the interaction between NPLs and
PFASs are highly possible in nature and greatly affected by the presence of the dif-
ferent dissolved electrolytes. These findings can serve as a good basis for predicting
transport of PFASs by NPLs in agueous compartments in environmental samples.
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Masahiro Higashi
Nagoya University

The photophysical properties of molecules in solutions are affected by the solvents.
However, it is often difficult to explain the molecular mechanism. We have been stud-
ying such solvent dependency of photophysical properties by combining quantum
chemical calculations and appropriate solvent models. In this presentation, we will
talk about our recent progress. For example, we investigated solvent dependency of
excited-state intramolecular proton transfer (ESIPT) in 2-(2’-hydroxyphenyl)-benzothi-
azole [1]. It was found that the hydrogen-bond acceptability of solvent plays important
roles in ESIPT. We also investigated solvent and anion dependency of fluorescence
quenching of a phospholium cation [2]. The charge-transfer state of the cation-ani-
on complex was found to be responsible for the dependency. Furthermore, we will
talk about solvent dependency of fluorescence spectrum of pyrene-MoS2 nanosheet
system [3]. It was demonstrated that the interaction of MoS2 vacant orbitals with the
locally excited state of pyrene forms charge-transfer excited states, exhibiting the sol-
vent dependency of fluorescence energy.

[1] Naka, K.; Sato, H.; Higashi, M. *Phys. Chem. Chem. Phys.* **2021**, *23*, 20080.
[2] Suzuki, S. et al. *J. Mol. Lig.* **2023**, *382*, 121934.
[38] Umeyama, T. et al. *Chem. Sci.* **2023**, *14*, 11914.
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3) Department of Chemistry, Eszterhdazy Karoly Catholic University, Hungary

Recent investigations into the mechanisms of transformation between polymorph form
of an active pharmaceutical ingredient (API) revealed the importance of the structural
and dynamical properties at the interface.[1] For instance it was shown, that during
the melt-recrystallization process, the distribution of conformations occurring at the
interface, controls the changes between its polymorphic forms.[2]

In this work, molecular dynamic simulations are used to analyze the correlation be-
tween the conformation changes at Curcumin-Vacuum and Curcumin-supercritical
CO:; interfaces, driven by increasing the temperature beyond the melting one. Indeed,
Curcumin has attracted considerable amount of attention in biomedical literature due
to potential benefits that include anti-inflamatory, anti-carcinogenic and anti-oxidant
activities. Several polymorphic forms[3] of curcumin have been described, but not yet
studied theoretically.

For this purpose we developed new force field parameters to reproduce the exper-
imental melting temperature and to capture the changes between the various con-
formations (the rotation barriers) of Curcumin, namely those present in its three pol-
ymorphic forms. During the increase of the temperature, Curcumin molecules at the
polymorph I-vacuum interface were identified using the ITIM algorithm.[4] This makes
it possible to analyze the structural changes at the interface, namely the distribution
of conformations, nearest neighbor distribution, Voronoi polyhedra parameters and
local densities.

[11SuY, Xu J, Shi Q, Yu L, Cai T. Chem Commun. 2018; 54: 358-361.

2. Yao X, Liu Q, Wang B, Yu J, Aristov MM, Shi C, Zhang GGZ, Yu L. J Am Chem Soc. 2022; 144:
11638-11645.

3. Sanphui P, Goud NR, Khandavilli UBR, Bhanoth S, Nangia A. Chem Commun. 2011; 47: 5013-5015.
4. Sega M, Kantorovich SS, Jedlovszky P, Jorge M. J Chem Phys. 2013; 138: 044110.
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Luis Miguel Varela Cabo, Alejandro Rivera-Pousa, Martin Otero-Lema,
Raul Lois-Cuns, Pablo Martinez-Crespo, Hadrian Montes-Campos,
Trinidad Méndez-Morales

Universidad de Santiago de Compostela

We report density functional theory and classical molecular dynamics simulations to
investigate the molecular mechanisms governing hydrogen solvation in different ionic
liquids. The structural analysis in bulk systems [1] reveal that under high temperature
and pressure conditions weak interactions between hydrogen and the ionic liquids
take place, with a slight preference of this gas to be placed at the apolar domains.
Moreover, gas uptake mechanism of hydrogen molecules nanoconfined inside carbon
nanotubes (from 6 A to 12.24 A) filled with an ionic liquid (ethylammonium nitrate and
1-ethyl-3-methylimidazolium tetrafluoroborate) are considered to study their effect on
the gas capture capacity and on the location of gas molecules within the nanotubes,
and compared to those of nitrogen. Our results [2] show that nitrogen absorption abil-
ity is, in general, greater than that of hydrogen, with the aprotic ionic liquid being
more efficient for gas confinement, since hydrogen storage is mainly governed by
the amount of accessible free volume but nitrogen solvation energetics must be also
considered.

The financial support of the Spanish Ministry of Science and Innovation (PID2021-126148NA-100 funded
by MCIN/AEI/10.13039/501100011033/FEDER, UE) is gratefully acknowledged. Moreover, this work was
funded by the Xunta de Galicia (GRC ED431C 2020/10). A. R. P. thanks the Spanish Ministry of Educa-
tion for his FPU18/01597 grant. M.O.L. and P.M.C. thank the Xunta de Galicia for his “Axuda de apoio
4 etapa predoutoral” grant (ED481A 2022/236). This work and the contract of T. M. M. are part of the
grant RYC2022-036679-I, funded by MCIN/AEI/10.13039/501100011033 and FSE+. This work is part of
the project CNS2023-144785, funded by MAETD and the European Union “NextGenerationEU”/PRTR.
H.M.C. thanks the USC for his “Convocatoria de Recualificaciéon do Sistema Universitario Espariol-Mar-
garita Salas” postdoctoral grant. R.L.C. acknowledges his Predoctoral Contract under the framework of
the project PID2021-126148NA-100 funded by MCIN/AEI/10.13039/501100011033/FEDER, UE.

[1] A.Rivera-Pousa, R. Lois-Cuns, M. Otero-Lema, H. Montes-Campos, T. Méndez-Morales*, and L. M.
Varela, J. Chem. Inf. Mod. 64.1 (2023): 164-177.

[2] M. Otero-Lema, R. Lois-Cuns, P. Martinez-Crespo, A. Rivera-Pousa, H. Montes-Campos, T. Mén-
dez-Morales, L. M. Varela J Mol. Lig. (2024): 124909.
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Brenda Bracco', Barbara Rossi?, Paola Sassi’, Andrea Mele®, Marco Paolantoni’
1) Universita degli studi di Perugia

2) Elettra Sincrotrone Trieste

3) Politecnico di Milano

Room temperature ionic liquids (RTILs) have garnered significant attention in various
fields due to their unique properties, such as thermal stability, low toxicity, solvation
capacity, low vapor pressure, and remarkable electrical conductivity. RTILs can form
well-defined nanostructures owing to the polar and non-polar domains created by
their constituent ions [1]. It is well-established that these nanostructures can be influ-
enced by the presence of water [2]. Numerous studies have investigated local nanos-
tructure and water cluster formation as a function of water concentration considering
aqueous RTILs solutions [2-6]. Despite this, the specific structuring of hydrogen bonds
interactions in these systems has not yet been clarified at the molecular level. Imida-
zole-based ionic liquids have been utilized as models for this type of investigation, in
particular with 1-butyl-3 methylimidazolium tetrafluoroborate (BMIMBF4). Raman and
IR spectroscopies are highly sensitive to hydrogen bond interactions, making them
valuable tools for studying the hydration properties of BMIMBF4, as suggested by nu-
merous studies in literature [7-10]. However, a clear experimental understanding of the
hydration mechanism across a wide concentration range is still lacking. In our study,
we aim to conduct a qualitative and quantitative analysis of the hydration properties
of BMIMBF4/water mixtures over a wide concentration range, which has never been
considered from a spectroscopic perspective. To achieve this, we employ a meth-
odology inspired by the Raman-MCR technique based on spectral subtraction that
have already proved very effective to trace hydration shell spectra from UV-Raman
spectra of BMIMBF4/water mixtures in a diluted regime (Xsmmer2<0.5) [3]. In this case,
we considered a comparative analysis extracting UV-Raman and ATR-IR SC spectra
from BMIMBF4/water mixtures from a diluted to concentrated regime (Xgmimera>0.9)
.We propose this method also as a useful way to obtain reliable quantitative infor-
mation about the hydration features of the systems considered, including, hydration
numbers and aggregation properties. This research elucidates molecular properties of
RTILs, aiding their applications.

[
[2
[3
[4
[5
[6]

Zhuo, Y., Cheng, H.-L., Zhao, Y.-G. & Cui, H.-R., Pharmaceutics 16,151(2024).

Triolo, A., Russina, O., Bleif, H.-J. & Di Cola, E., J.Phys. Chem. B 111,4641-4644(2007).

Bottari, C. et al., J. Phys. Chem. B 126, 23, 4299-4308(2022)

Fazio, B., Triolo, A. & Di Marco, G., J.Raman Spectrosc. 39,233-237(2008).

Chang, T.-M. & Billeck, S. E., J. Phys.Chem.B 125,1227-1240 (2021).

Gao, J. & Wagner, N. J., Langmuir 32,5078-5084 (2016).

[7] Yoshimura, Y., Journal of Molecular Liquids 286, 110874(2019).

[8] Fazio, B., Triolo, A. & Di Marco, G., J. Raman Spectrosc. 39,233-237 (2008).

[9] Cammarata, L., Kazarian, S. G., Salter, P. A. & Welton, T., Phys.Chem.Chem.Phys.3,5192-5200(2001).
[10] Jeon, Y. et al., J. Phys.Chem.B 112,4735-4740(2008)
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1) Physical Chemistry Laboratory, Department of Chemistry,

University of loannina, Greece

2) Theoretical and Physical Chemistry Institute, National Hellenic Research
Foundation, Athens, Greece

3) Laboratory of Quantum and Computational Chemistry, Department of Chemistry,
Aristotle University of Thessaloniki, Greece

Potential applications of previously synthesized pillared graphene oxide frameworks
with phenyldiboronic acid linkers in the field of adsorption and separation of polar pro-
tic and aprotic liquid solvents have been systematically explored using Grand Canoni-
cal Monte Carlo simulations. Particular attention was initially paid to the adsorption of
pure liquid water, methanol and dimethylsulfoxide. The results obtained a significant
increase of the isosteric heat of adsorption at low uptake in the case of dimethylsul-
foxide, indicating that pillared graphene oxide frameworks could be used in the sepa-
ration of dimethylsulfoxide-water liquid mixtures. Systematic Grand Canonical Monte
Carlo simulations were then subsequently performed for representative dimethylsul-
foxide-water mixtures, revealing that these materials could indeed have potential ap-
plications in the separation of these mixed liquid solvents. Molecular dynamics sim-
ulations of representative bulk and confined dimethylsulfoxide-water mixtures further
revealed a substantial slowing down of the dynamics under confinement, particularly
in the case of hydrogen bonds formed between water and dimethylsulfoxide.
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Giancarlo Franzese
Universitat de Barcelona, Spain

We will present our recent results about how different interfaces affect the structure
and dynamics of water hydrogen bonds and how, in turns, these affect the properties
of the interfaces. We will explore concepts such as bound and unbound hydration
water and their relation with phenomena that relevant in biology and nanotechnology.

[1] F. Spinozzi, P. Moretti, D. Romano Perinelli, G. Corucci, P. Piergio- vanni, H. Amenitsch, G. A. Sancini,
G. Franzese, P. Blasi, Small-Angle X-ray Scattering Unveils the Internal Structure of Lipid Nanoparticles,
Journal of Colloid & Interface Science 662 446 (2024)

[2] R. Bellido-Peralta, F. Leoni, C. Calero, and G. Franzese, Exploring optimal graphene slit-pore width
for the physical separation of water-methanol mixture, Journal of Molecular Liquids 391 123356 (2023)
[3] B. Dura Fauli, V. Bianco, and G. Franzese, Hydrophobic Homopolymer’s Coil-Globule Transition and
Adsorption onto a Hydrophobic Surface under Different Conditions, The Journal of Physical Chemistry
B 127 5541-5552 (2023)

[4] R. Bellido-Peralta, F. Leoni, C. Calero, and G. Franzese, Size-Pore-Dependent Methanol Sequestra-
tion from Water-Methanol Mixtures by an Embedded Graphene Slit, Molecules 28, 3697 (2023).
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Dmitry Kurouski

Department of Biochemistry and Biophysics, Department of Biomedical Engineering,
Texas A&M University

Transthyretin (TTR) amyloidosis is a progressive disease characterized by an abrupt
aggregation of misfolded protein in multiple organs and tissues TTR is a tetrameric
protein expressed in the liver and choroid plexus. Protein misfolding triggers mono-
merization of TTR tetramers. Next, monomers assemble forming oligomers and fibrils.
Although the secondary structure of TTR fibrils is well understood, there is very little
if anything is known about the structural organization of TTR oligomers. To end this,
we used nano-infrared spectroscopy, also known as atomic force microscopy infra-
red (AFM-IR) spectroscopy. This emerging technique can be used to determine the
secondary structure of individual amyloid oligomers and fibrils. Using AFM-IR, we ex-
amined the secondary structure of TTR oligomers formed at the early (3-6 h), middle
(9-12 h), and late (28 h) of protein aggregation. We found that aggregating, TTR formed
oligomers (Type 1) that were dominated by a-helix (40%) and B-sheet ( 30%) together
with unordered protein (30%). Our results showed that fibril formation was triggered
by another type of TTR oligomers (Type 2) that appeared at 9 h. These new oligomers
were primarily composed of parallel B-sheet (55%), with a small amount of antiparallel
B-sheet, a-helix, and unordered protein. We also found that Type 1 oligomers were
not toxic to cells, whereas TTR fibrils formed at the late stages of protein aggregation
were highly cytotoxic. These results show the complexity of protein aggregation and
highlight the drastic difference in the protein oligomers that can be formed during such
processes.
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Soft materials, formed through various thermal treatments [1] and utilizing different
protein mixtures, can exhibit diverse physical and viscoelastic characteristics. Whey
proteins, known for their nutritional value and functional properties such as gelation,
emulsion, or foam formation [2], are commonly used in food formulations. The pre-
dominant globular proteins in whey are B-lactoglobulin (BLG) and albumin (BSA), of-
ten employed as models due to their cost-effectiveness and propensity to aggregate
under various environmental conditions. This study aims to provide molecular and
structural insights into the aggregation processes of BLG [3] and BSA whey proteins in
both diluted and crowded solutions. Aqueous protein solutions with low pH are exam-
ined at different BLG-BSA molar ratios, in a diluted regime to induce fibril formation,
and in a crowded regime to facilitate the development of hydrogel networks. A mul-
ti-technique spectroscopic approach is used to probe the co-aggregation process at
different length scales, as shown in Figure 1. Molecular-scale information is obtained
through FTIR, CD, and UVRR spectroscopies, while structural details at the nanoscale
are derived from the SAXS technique. The structure of nanoaggregates is influenced
by molecular interactions, with branching determining the viscoelastic properties of
the system [4]. These properties are further characterized using HD-TG non-linear
spectroscopy.

[1] Catalini, S., et al. (2021). Biomacromolecules 22.3, 1147-1158.

[2] Mahmoudi, N., et al. (2007). Journal of Agricultural and Food Chemistry 55.8, 3104-3111.
[3] Venturi, S., et al. (2023). International Journal of Biological Macromolecules 242, 124621.
[4] Catalini, S., et al. (2022). Iscience 25.7.
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MS2 and PCV2 viruses were investigated in aqueous solutions. MS2 is an icosahedral bac-
teriophage infecting Gram-negative bacteria and consisting of a protein outer layer (capsid)
and encapsulated 3569 nucleotides long single-stranded RNA genome. PCV are non-en-
veloped single-stranded DNA viruses infecting pigs, PSV2 being structurally the smallest
known non-satellite virus.

Our aim was to (i) investigate the capsid surface of the viruses measuring their hydrody-
namic diameter and zeta-potential, the charge distribution on the surface, and local elec-
trostatic potential, (ii) analyze the colloidal stability of MS2 in the presence of surfactants
and inorganic salts, and (jii) study surface properties of MS2 and PCV2 suggesting ways of
their disintegration.

We measured the hydrodynamic diameter and the zeta-potential of MS2 phage particles
and PCV2 empty capsids to be 30 nm and -34 mV, and 22 nm and -41 mV respectively,
using dynamic light scattering method and electrophoresis. The MS2 and PCV2 capsid
surfaces were also examined using a series of acid-base indicator dyes of various charge
type, size, and structure. Their spectral and acid-base properties (pKa) are very sensitive
to microenvironment in aqueous solution including containing nanoparticles. The values
were found to be -50 mV or +10 mV, and -91 or +14 mV (+-2 mV), depending on the mo-
lecular probes and implying the ‘mosaic’ pattern of the charge distribution on the surfaces.
The value is concluded to be a reliable indicator of the dispersion stability and the key to
effective virus aggregation or/and disassembly through the reduction of their values with
coagulants.

We investigated MS2 aqueous solution stability influenced by inorganic electrolytes and
colloidal surfactants at physiological condition. It was found that the zet-potential is re-
duced from =35 mV to —10 mV in the presence of 0.01 M CaCl2, 0.1 M NaCl, and higher
electrolytes concentrations, producing MS2 aggregates of ~600-900 nm size, but individual
~30 nm particles were also recorded.

Adding cationic, anionic, and non-ionic colloidal surfactants below and above critical mi-
celle concentration (cmc) to MS2 solutions showed the following. The zeta-potential was
reduced upon the addition of cationic surfactant and even the surface recharge took place
from -25 mV to +35 mV below and above cmc respectively, while MS2 virus aggregation
was very clear above cmc of CTAB. The addition of anionic surfactants as monomers or in
the form of micelles did not show MS2 aggregation, dispersion, or disassembly. The pres-
ence of non-ionic micelles increased phage aggregation and reduced the zeta-potential
value. Thus, the 2 : 1 electrolyte at low concentrations or cationic and non-ionic micelles
destabilize MS2 particles in aqueous solution.

Our data can be used for developing disinfection strategies by destabilizing the solution or
disintegrating the virus particles.
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Deep Ultraviolet Resonance Raman Spectroscopy (DUVRR) is an emerging and pow-
erful analytical tool that can be used for detection and characterization of biological
samples in a label-free and real time approach. The excitation in the Deep UV provides
specific resonance enhancement of biological moieties, especially protein, DNA and
RNA structures (1, 2), allowing to efficiently isolate and detect biological Raman mark-
ers in the spectra. It is well known that DUV radiation is a genotoxic agent. Prolonged
UV light exposition induces damage to the genomes of viruses, breaking bonds and
forming photodimeric lesions in RNA (1-3). These damages prevent both transcription
and replication which leads to viral inactivation. Even though the effects of UV radia-
tion on DNA of microorganisms have been well-recorded, its impact on RNA and RNA
modifications is less known. A sample that is prone to such a damage are viruses, and
with the SARS-COV-2 (RNA virus) outbreak, the need of fast tools for viral characteri-
zation and classification became even more necessary.

In this work, we will show how to obtain stable, high quality and information-rich DU-
VRR spectra of active Vesicular Stomatitis Virus (VSV) without affecting its viability,
RNA and protein integrity. By opportunely tuning the excitation wavelength, we can
detect and assign in the vibrational spectra specific markers of lipid, protein and RNA
components useful to elucidate biochemical characteristics of active VSV virus. In
addition, we can study the effect of antivirals and DUV irradiation in the mechanism of
inactivation of VSV viruses in order to find the most promising antivirals and damaging
wavelength for the active VSV virus, respectively. These information can further be
exploited to build effective countermeasure tools for pathogenic viruses.
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Universidad de Santiago de Compostela

Hydrogen bonding is one of the prevalent factors in the properties of lonic liquids
(ILs), and specially protic ionic liquids. This review explores how molecular dynamics
(MD) simulations, coupled with machine learning (ML) potentials, can illuminate these
hidden interactions.

In this presentation we will show first some results using traditional force fields will be
shown as well as their predictive power for hydrogen bonds of different strength and
their caveats. Afterwards the focus will shift to ML potentials, where we will show how
it can be a powerful tool for overcoming these limitations. By learning from high-fi-
delity data, such as quantum mechanical calculations, ML potentials can capture the
nuances of H-bonding in ILs with improved accuracy and efficiency. We will show also
how these potentials are even capable of prediction proton transfer between different
species in the liquid phase.

In summary, this review will examine the specific advantages of using ML potentials in
MD simulations of ILs. It will explore how these simulations can provide insights into
H-bond lifetimes, dynamics, and their influence on material properties.
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Ralf Ludwig
University of Rostock

Intermolecular interactions determine whether matter sticks together, gases condense
into liquids, or liquids freeze into solids. The most prominent example is hydrogen
bonding in water, responsible for the anomalous properties in the liquid phase and
the polymorphism in ice. The physical properties are also exceptional for ionic lig-
uids (ILs), wherein a delicate balance of Coulomb interactions, hydrogen bonds and
dispersion interactions results in a broad liquid range or the vaporisation of ILs as ion
pairs. In this study we show that strong, local and directional hydrogen bonds govern
the structures and arrangements in the solid, liquid and the gaseous phase of car-
boxyl-functionalized ILs. For that purpose we explored the H-bonded motifs by X-ray
diffraction and attenuated total reflection (ATR) infrared (IR) spectroscopy in the solid
state, by ATR and transmission IR spectroscopy in the liquid phase and by cryogen-
ic ion vibrational predissociation spectroscopy (CIVPS) in the gaseous phase at low
temperature. The analysis of the CO stretching bands reveal doubly hydrogen bonded
cationic dimers (c=c), resembling the archetype H-bond motif known for carboxylic
acids. The like-charge doubly hydrogen bonded ion pairs are present in the crystal
structure of the IL, survive phase transition into the liquid state and are still present in
the gaseous phase even in (2,1) complexes wherein one counterion is removed and
repulsive Coulomb interaction increased. The interpretation of the vibrational spectra
is supported by quantum chemical methods. These observations have implications on
the fundamental nature of the hydrogen bond between ions of like charge.
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Protic ionic liquids (PILs) have gathered growing interest for energy-related applica-
tions in the field of electrochemistry, thanks to their high ionic conductivities and their
viable preparation.[1] Notably, in some cases superionicity has been achieved through
partial decoupling of the charge transport from a purely vehicular mechanism, since
the proton, as a charge carrier, can have access to unique diffusion patterns. Here,
we propose N,N-diethyl-3-sulfopropan-1-ammonium hydrogen methanedisulfonate
[DESPA][HMDS] as a novel PIL whose rational design aims at achieving fast proton
transfer through an intrinsic mechanism, thanks to the presence of sulfonic acid func-
tionalities, of almost equivalent proton affinity, both in the anion and cation structure.
The synthesis and characterization of the PIL was carried out, revealing superionic
features at high temperatures, as indicated by the positive deviation from the ideal
behaviour in the Walden plot, and by a inverse Haven ratio up to 1.55. To elucidate
the nature of such superionicity, the PIL was studied by diffusional NMR, display-
ing an unprecedented two- to three-fold increase in the mobility of the exchangeable
proton, compared to that of the anion and the cation. Again, this feature is observed
at high temperatures (> 373 K), and points towards the presence of a non-vehicular
Grotthuss(-like) proton transport mechanism in our PIL. Moreover, the molecular struc-
ture of [DESPA][HMDS] was designed to be fluorine-free, as perfluoroalkyl substances
(PFASSs), often employed in the formation of superionic PILs,[2,3] constitute a growing
concern in terms of health and environment, and might be subjected to a phase-out
by the European Union in the coming years.[4]

[1] T. Stettner, A. Balducci, Energy Storage Mater. 2021, 40, 402-414

[2] J: Lin, L. Wang, T. Zinkevich, S. Indris, Y. Suo, C. Korte, Phys. Chem. Chem. Phys. 2020, 22,
1145-1153

[3] Y. Ansari, K. Ueno, C. A. Angell, J. Chem. Phys. B 2021, 125, 7855-7862

[4] N. D. Tyrell, Org. Process Res. Dev. 2023, 27, 1422-1426
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1) Universidade de Santiago de Compostela
2) Universidade de A Corufia

Protic ionic liquids (PILs) exhibit unique transport properties governed by their exten-
sive hydrogen-bonding networks. In this study, we employ computational techniques,
specifically polarizable molecular dynamics simulations, to investigate the charge con-
duction mechanisms in mixtures of PILs with different solvents. Our simulations reveal
that the coordination between ions and solvent molecules — mediated through hydro-
gen bonding - critically influence ionic conductivity, with certain solvents exhibiting
anomalous conductivity behavior that does not fit current theories such as the random
alloy model [1]. This computational approach provides new insights into the molecular
interactions within these mixtures, paving the way for the rational design of new PIL-
based systems with enhanced transport properties for applications in electrochemical
devices.

The financial support of the Spanish Ministry of Science and Innovation (PID2021-126148NA-100 fund-
ed by MCIN/AEI/10.13039/501100011033/FEDER, UE) is gratefully acknowledged. Moreover, this work
was funded by the Xunta de Galicia (GRC ED431C 2020/10). M.O.L. thanks the Xunta de Galicia for his
“Axuda de apoio & etapa predoutoral” grant (ED481A 2022/236). This work and the contract of T. M. M.
are part of the grant RYC2022-036679-1, funded by MCIN/AEI/10.13039/501100011033 and FSE+. This
work is part of the project CNS2023-144785, funded by MAETD and the European Union “NextGenera-
tionEU”/PRTR. H.M.C. thanks the USC for his “Convocatoria de Recualificaciéon do Sistema Universitario
Espafiol-Margarita Salas” postdoctoral grant. R.L.C. acknowledges his Predoctoral Contract under the
framework of the project PID2021-126148NA-100 funded by MCIN/AEI/10.13039/501100011033/FED-

ER, UE.

1. H. Montes-Campos, S. Kondrat, E. Rilo, O. Cabeza and L. M. Varela, J. Phys. Chem. C., 2020, 124
(22), 11754-11759.
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Jule Kristin Philipp, Ralf Ludwig, Dietmar Paschek
University of Rostock

In the engineering of energy storage devices, lithium batteries offer the biggest op-
portunities regarding energy densities but their electrolytes often have undesirable
properties like, for example, a high combustibility [1]. Therefore, possible alternatives
to conventional electrolytes are searched for.

Recent studies have shown that by mixing salts consisting of lithium cations and
weakly coordinating anions such as NTf,” with triglyme, so called pseudo-ionic liquids
can be formed for certain mixing ratios [2].

Molecular dynamics simulations revealed that by adding triglyme to [Li]J[NTf,], the lith-
ium salt changes from contact ion pairs to solvent-separated ion pairs. The lithium
cations are coordinated by the oxygen atoms of the triglyme molecules and in conse-
quence, the interaction between anions and cations is weakened leading to improved
transport properties of the system.

Hereby, the structural motifs of the cation-triglyme clusters depend almost entirely on
the mixing ratio of the two components. For the equimolar mixture, every cation is, on
average, enclosed by one triglyme molecule forming a complex with its four oxygen
atoms. If the mole fraction of triglyme is further increased, the one-fold triglyme-co-
ordinated state of the cations changes to a two-fold coordination state where two
triglyme molecules surround lithium in a double-helical-like manner.

If small amounts of water are additionally added to the different mixtures of [Li][NTf]
and triglyme, the transport properties such as self-diffusion and viscosity can be fur-
ther increased. The water molecules intercalate between the cation and the outer ox-
ygen atoms of the coordinating triglyme molecule. The water molecules form coordi-
native bonds with the cation as well as hydrogen bonds with the detached triglyme
oxygen atoms and anions. By this, the water molecules are shielded from each other
and should therefore behave chemically different than bulk-phase water. Here, a com-
parison can be made to water-in-salt electrolytes [3]. At a certain threshold of water
content in the ternary mixtures, water starts forming clusters again. At this point, the
advantage of adding water diminishes due to the smaller electrochemical window of
bulk water [3].

[1] K. Xu, Chem. Rev. 2014, 114, 11503-11618.

[2] K. Ueno, K. Yoshida, M. Tsuchiya, N. Tachikawa, K. Dokko, M. Watanabe, J. Phys. Chem. B 2012,
116, 11323-11331.

[3] A. Triolo, V. Di Lisio, F. Lo Celso, G. B. Appetecchi, B. Fazio, P. Chater, A. Martinelli, F. Sciubba, O.
Russina, J. Phys. Chem. B 2021, 125, 12500-12517.
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Anna Martinelli
Chalmers University of Technology, Sweden

Protic ionic liquids are a peculiar class of materials that, similarly to the more conven-
tional family of aprotic ionic liquids, have a low melting point, a high ionic density and
a relatively high ionic conductivity. In addition, however, they form extended hydrogen
bonded networks by virtue of having exchangeable protons in their chemical structure,
typically on the cation.

Protic ionic liquids are obtained by a ‘simple’ neutralization reaction by which a proton
is transferred from an acid (AH) to a base (B), resulting in a protonated cation (BH+)
and an anion (A-). The degree of completaion of this reaction depends on the pKa of
the reagents, which also has an impact on the strength of hydrogen bonding between
BH+ and A-. Hydrogen bonds add as an attractive force to the already complex set
of coulombic and van der Waals interactions. Understanding the correlation between
strength/nature of hydrogen bonds and other physicochemical properties such as
glass transition temperature, diffusivity and conductivity is of fundamental interest, but
is also crucial to orient the design of energy relevant devices like fuel cells, batteries
and capacitors.

In this contribution, | will present some work performed in my research group in the
context of protic ionic liquids, which is mainly experimental and which, along with
the case of pure ionic liquids, also encompasses ionic liquid mixtures (mixed anion
effects, addition of a base) and ionic liquids confined in mesoporous domains. The
experimental methods primarily used include vibrational spectroscopy (Raman and
infrared), NMR spectroscopy (diffusion NMR, relaxation NMR, solid-state, etc), calo-
rimetric methods (DSC and TGA) and impedance spectroscopy, with the support in
specific studies from MD simulations and DFT calculations.
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Sylvie Roke

Laboratory for fundamental BioPhotonics (LBP), Institute of Bioengineering (IBl),
and Institute of Materials Science (IMX), School of Engineering (STI), and Lausanne
Centre for Ultrafast Science (LACUS), Ecole Polytechnique Fédérale de Lausanne
(EPFL), CH 1015 Lausanne, Switzerland

Water is the most important liquid for life. It is intimately linked to our well-being.
Without water, cell membranes cannot function. Charges and charged groups cannot
be dissolved, self-assembly cannot occur, and proteins cannot fold. Apart from the
intimate link with life, water also shapes the earth and our climate. Our landscape is
formed by slow eroding/dissolving processes of rocks in river and sea water; aerosols
and rain drops provide a means of transport of water. Because of the complexity of
liquid water and aqueous interfaces, the relationship between the unique properties of
water and its molecular structure has not been solved.

Techniques that can provide femtosecond structural information over multiple length
scales can help. For this purpose, we developed nonlinear light scattering [1] and
imaging tools [2] to access molecular structural information of aqueous solutions and
interfaces. With our new approaches we have found nanoscale ordering in dilute salt
solutions [3], and probed the structure of aqueous nanoscale interfaces relevant for
chemistry and biology: emulsions [4], lipid droplets [5], liposomes [6], water droplets
[7] and oxides [8]. We solved the mysteries behind the Jones-Ray effect [3] and the
origin of charge on neutral oil droplets in water, which underlies hydrophobicity [9]. The
optical properties of water can also be used to determine the electrical potential (volt-
age) of interfaces. This unique spatiotemporally resolved hydration readout is useful
for obtaining new insights relevant for chemistry [2], biophysics [10], neurology [11]
and catalysis [12]. This presentation will highlight some of our recent findings.

[1] S. Roke, G. Gonella, Annu. Rev. Phys. Chem, (2012), 63, 353.

[2] C. Macias-Romero, |. Nahalka, H. |. Okur, S. Roke, Science (2017) 357, 784-788

[3] Y. Chen, N. Gomopoulos, [...], S. Roke, Sci. Adv. (2016), 2, 4, e1501891, 1-8;

[4] E. Zdrali, H.l. Okur, Y. Chen, S. Roke, ACS Nano, 111, 12111-12120

[5] Y. Chen, [...], S. Roke, Nano Lett. (2015), 15, 5558.

[6] N. Smolentsev, C. Litgebaucks, H. I. Okur, S. Roke, J. Am. Chem. Soc. (2016), 138, 4053.
[7]1 N. Smolentsev, W. J. Smit, H. J. Bakker, S. Roke, Nat. Commun., (2017), 8, 15548-1.

[8] A. Marchioro, [...], S. Roke, J. Phys. Chem. C, (2019),123 (33), 20393-20404; M. Bischoff,
[...], S. Roke, A. Marchioro, J. Phys. Chem. C (2020) 124 (20), 10961-10974

[9] S. Pullanchery, [...], S. Roke, Science (2021) 374 (6573), 1366-1370.

[10] O. Tarun, C. Hannesschléger, P. Pohl, and S. Roke, Proc. Nat. Acad. Sci. USA (2018) 115, 4081;
H.I. Okur, O.B. Tarun, S. Roke, J. Am. Chem. Soc., (2019), 141, 31.

[11] M. Didier, [...], S. Roke, Nat. Commun. (2018), 9, 5287.

[12] G. Zwaschka, [...], S. Roke, R. K. Campen, ACS Catal. (2020) 10 (11), 6084-6093; I. Nahalka,
[...], S. Roke, J. Phys. Chem. C, 124 (37), 20021-20034
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Dezs6 Boda', Salman Shabbir', Zoltan Hatd', Moénika Valisk?

1) Center for Natural Sciences, University of Pannonia, Hungary
2) University of Pannonia, Hungary

When it comes to modeling divalent ions, | am full of questions, but have few answers.
There are a couple of physical facts that make ions like Ca$”{2+}$ complicated, such
as strong electrostatic interactions with other ions and water molecules, polarization,
and charge transfer. By giving an account of these, we are well into the realm of quan-
tum mechanics. So, if we rephrase the question of the title as “How do we model di-
valent ions with classical mechanics?”, the answer becomes even more complicated.
Polarization can be taken into account with polarizable force fields (FF), but these are
expensive. So if we rephrase our question again as “How do we model divalent ions
with classical non-polarizable force fields?”, the answer becomes really challenging.
Here, we try to pose further questions to get closer to an answer.

A few problems that we need to avoid if want to find the appropriate model are the
following (using CaCl, as a case study).

1. We want to avoid too strong association of Ca* and Cl,, namely, we want to avoid
ion complexation. This means that we want to avoid too high peaks in the Ca?* - CI-
radial distribution functions (RDF).

2. We want to avoid too strong association of Ca** with surrounding water, namely, we
want to avoid too rigid hydration shells that prevent ions from appropriate association.
3. We want to avoid non-ergodicity, namely, we want to avoid too deep depletion
zones between the first and second peaks in RDFs. The presence of those depletion
zones would prevent traffic of particles between the shells, namely, transitions be-
tween states.

We discuss FFs with explicit water and show that scaling of the ionic charges to take
into account polarization is needed to avoid the problems listed above. Full charges
make the electrostatic interactions too strong, so the system falls on either side of the
free energy Himalaya. By reducing the charge, those problems can still be present,
but they can be minimized by using the ionic diameter (the distance parameter of the
Lennard-Jones potential) to optimize the system to get sensible RDFs and agreement
with experimental data for neutron scattering, viscosity, diffusion constants, and con-
ductance.

The other possibility for modeling divalent ions is to smear water into a continuum and
make it implicit. That may seem like a harsh, outdated approximation, but here we also
have the parameter with which we can tune the strength of electrostatic forces: the
dielectric constant. While the ionic charge needs to be reduced in explicit-water FFs,
the dielectric constant needs to be reduced in implicit-water models to suppress the
screening of the ion-ion interactions. lonic diameters can be used for fine tuning here
as well. Experimental phenomena such as charge inversion and the non-monotonic
behavior of the activity coefficient can be reproduced with simple, but appropriately
scaled reduced models.
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Filip Moucka, Jan Dockal, Pavlina Mimrova
J. E. Purkyné University in Usti nad Labem, Czech Republic

Alkali halides are most commonly found in aqueous solutions whose behavior is large-
ly determined by hydrogen (generally noncovalent) water-water, water-ion, and ion-
ion bonds. Computer simulations of these substances require accurate interaction
models that can correctly capture not only the interactions themselves, but also the
balance between them. This is particularly important for correctly predicting phase
equilibria between aqueous solutions, crystalline hydrates, anhydrous crystals, and
molten salts.

In our recent work, we have refined the AH-BKS3 polarizable models [1], resulting in a
set of force fields [2, 3] that provide good predictions for almost all properties of aque-
ous solutions, anhydrous crystals, their solubility, and the structures of 16 different
crystalline hydrates [4].

Here, using these force fields:

1. We study [5] the structure of solutions of 14 salts at normal temperatures and all
possible concentrations, including supersaturated states. We identify noncovalent
bonds in the systems using a general method based on spatial distribution functions.
We show that larger ions readily lose water molecules from their hydration shells with
increasing concentration, while small ions maintain their hydration shells almost com-
pletely unchanged. The loss of water from the hydration shells is compensated by the
formation of contact ion pairs. However, this compensation is not always perfect, as
small ions do not allow sufficient ion pair formation, and the loss of hydration of large
counterions leads to an overall decrease in the number of bonds.

2. We study the concentration dependence of aqueous salt solutions at low temper-
atures around the maximum density. The predictions of the polarizable models are
comparable to those of the Madrid/2019 models [6], and their deviations from experi-
ments are rather due to inaccuracies of the water molecule in the case of both models,
TIP4P/2005 and BKS3.

3. We study the volumetric and thermochemical properties of anhydrous crystals and
molten salts at high temperatures, including the formation enthalpies and Gibbs ener-
gies used to determine melting temperatures.

4. We study different cesium halide crystal structures and show that our force fields
predict their stability and polymorphism well.

[1]1 P. T. Kiss, A. Baranyai, J. Chem. Phys. 138 (20) (2013) 204507.

[2] J. Dockal, M. Lisal, F. Moucka, J. Mol. Lig. 362 (2022) 119659.

[3] J. Dockal, M. Lisal, F. Moucka, J. Mol. Lig. (2024), submitted.

[4] P. Matysova, M. Lisal, F. Moucka, J. Mol. Lig. 384 (2023) 122197.

[5] J. Dockal, P. Mimrova, M. Lisal, F. Moucka, J. Mol. Lig. 394 (2024) 123797.

[6] F. Gdmez, L. F. Sedano, S. Blazquez, J. Troncoso, C. Vega, J. Mol. Lig. 377 (2023) 121433.
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Li Zhang', Saranya Pullanchery', Sylvie Roke'-2
1) Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

2) Laboratory for Fundamental BioPhotonics, Institute of Bioengineering (IBl), School
of Engineering (STl), Switzerland

Molecular interfacial structure greatly determines the properties of nano- and micros-
cale systems. Vibrational sum frequency scattering (SFS) spectroscopy is a unique
interface-selective tool to measure the interfacial vibrational spectrum of sub-micron
to micron scale objects dispersed in liquid and solid media. The interfacial structure
is extracted from the interfacial susceptibility, a physical property derived from the
intensity. Here, we describe the effect of infrared absorption that occurs in a bulk me-
dium that is spectroscopically complex and use the results to investigate the effect of
interfacial inversion, interfacial interference, and interfacial interference combined with
absorption. We use the same three chemicals to do so, hexadecane oil, water, and a
neutral Span80 surfactant. For all cases, the effective surface susceptibility can be
retrieved from the intensity. We further find that inverting the phases results in different
interfacial structures (even though they are composed of the same three chemicals)
and explain this in terms of the different interactions that are necessary to stabilize the
drops (steric stabilization for water drops in oil vs. charge stabilization for oil drops
in water). Interfacial interference can be used to estimate the surface density of the
different compounds.
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Hideaki Shirota
Chiba University

Eutectic effect is observed in metallic alloy systems. This also occurs in molecular and
ionic systems. If a mixture system becomes the liquid state at ambient temperatures
by a large eutectic effect, it is referred to as deep eutectic solvent (DES). The great
advantages of DES are its easy preparation, often just mixing (or with mild heat), and
environmentally friendly nature, when the components are appropriately chosen. Ac-
cordingly, DES is getting more attention recently [1].

Typical DESs are composed of hydrogen-bonding donor and acceptor (often salt).
Since the intermolecular interaction in DESs is essentially strong, the viscosity is high.
As a result, the electrical conductivity of typical DESs is not much high. Recently,
we have demonstrated that some imidazolium iodides and ammonium iodides eas-
ily become DESs by mixing with iodine, and they possess very high electrical con-
ductivities [2,3]. For example, 1:2.5 mixture of methylammonium iodide and iodine
showed approximately 100 mS cm-1 at 298 K [3]. The electrical conductivity of the
DES composed of 1-ethyl-3-methylimidazolium iodide and iodine with the molar ra-
tio of 1:4 was also very high (~70 mS cm-1 at 298 K). Notably, they are much higher
than common DESs and ionic liquids. Also note that the conductivity of the DES of
1-ethyl-3-methylimidazolium iodide and iodine is even higher than that of a similar ion-
ic liquid (1-butyl-3-methylimidazolium iodide) and iodine mixture with the same molar
ratio. The viscosities of DESs were not high (typical cases are 10-20 cP) compared
to ionic liquids. The results of the Walden plot showed that most DESs studied here
were a good conductor compared to the ideal diffusion system. The Raman spectra of
some DESs showed clear intramolecular vibrational bands of polyiodides, such as 13-,
142-, and 15-. Considering the presence of polyiodides in the DESs, the high electrical
conductivity can be attributed to the Grotthuss mechanism. We are now carrying out
studying the other halides (chlorides and bromides) and the water effect, as well as
measuring the thermal behavior [4]. We will discuss the new results, too.

[1] E.L. Smith, A.P. Abbott, K.S. Ryder, Chem. Rev. 114 (2014) 11060.

[2] H. Shirota, M. Koyakkat, M. Cao, M. Shimizu, S. Asakura, H. Kawamoto, K. Moriyama, J. Mol. Liqg.
372 (2023) 121176.

[3] M. Koyakkat, K. Moriyama, S. Asakura, H. Kawamoto, H. Shirota, J. Mol. Lig. 384 (2024) 122250.
[4] H. Shirota, M. Koyakkat, S. Yajima, J. Sato, K. Moriyama, Netsu Sokutei 51 (2024) 3.

41

Invited talk

Wednesday 11t




Oral contribution

=

=
—
>
1}
e}
n
()
=
©
2

EMLG-JMLG Annual Meeting 2024 | Trieste, 8-13 September 2024

Lennart Kruse', Anne Strate’, Viviane Overbeck', Daniel Rauber?, Ralf Ludwig'

1) University of Rostock
2) Saarland University

Due to its central role in influencing the thermodynamical, structural and dynamical
properties in ionic liquids, there is a strong scientific interest in a detailed description
of hydrogen bonding in this substance class.[1] We studied two different ionic lig-
uids: Firstly, triethylammonum bis(trifluoromethylsulfonyl)imide ([N22.H][NTf,]), which is
known for the formation of strong hydrogen bonds between cations and anions and
secondly the phosphonium analogue triethylphosphonium bis(trifluoromethylsulfon-
ylimide ([P,,,H][NTf,]), forming comparatively weaker hydrogen bonds. Structurally
these two ionic liquids differ only slightly in the central atom of the cation. However, the
dynamical properties are strongly affected by the different hydrogen bond strength. In
this work we measured frequency- and temperature-dependent 1H and 19F relaxation
rates by using fast-field-cycling NMR relaxometry (FFC NMR), which provides access
to translational and rotational correlation times as well as self-diffusion coefficients.
Since the protons are only located on the cations and the fluorine nuclei only on the
anion we obtain these properties ion-specific. Molecular dynamics (MD) simulations
are used to validate our results. Both approaches, FFC NMR and MD simulations,
show higher rotational correlation times and lower self-diffusion coefficients for [N, H]
[NTf,] indicating a stronger hydrogen bond.

222

P. Wasserscheid et al., lonic Liquids in Synthesis, Wiley-VCH, 2007
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Toshiyuki Takamuku, Kaito Sasaki
Saga University

Room-temperature ionic liquids attract attention from various fields, such as second-
ary batteries, organic syntheses, and drug delivery systems, because of their unique
properties of electroconductivity, negligible volatility, nonflammability, and low toxicity.
Especially, ionic liquids have several advantages in solvent extraction. One of them is
their low volatility. Human being and nature are exposed to vapor of organic solvents
like chloroform and carbon tetrachloride in conventional solvent extraction. The other
is the high polarity of ionic liquids consisting of cations and anions. Therefore, ionic
liquids may accept highly charged species, such as metal ion complexes. This is the
most striking benefit of ionic liquids as extraction solvents. In conventional solvent ex-
traction, which uses low polar solvents, the metal ion complexes have to be reformed
to an uncharged species by association with appropriate anions. However, normal ion-
ic liquids, such as imidazolium and bis(trifluoromethylsulfonyl)amide systems, cannot
strongly capture metal ions due to the low basicity of the cations and anions. Thus,
ionic liquids need to be modified to have a high coordination ability.

We synthesized four functionalized ionic liquids (FILs) by modifying the hydroxy, car-
boxy, ester, and hydrazide groups on the cation’s alkyl chain of 1-octyl-3-methylimi-
dazolium bis(trifluoromethylsulfonyl)amide, C8mimTFSA. First, the coordination ability
of the FILs for Ni(ll) ion was explored in non-functionalized C8mimTFSA by the Job’s
method with ultraviolet-visible spectroscopy. Ni(ll) ion was chosen as a representative
metal ion due to its structural and valence stability. Second, the immiscibility of the
FILs with water was assessed to extract metal ions from aqueous phase to FIL phase.
Finally, extraction of Ni(ll) ion was tried at an ambient temperature. Additionally, in-
frared spectroscopy was applied to the Ni(ll)-FIL solutions to clarify the coordination
structure of Ni(ll)-FIL complexes. As expected, charged complexes could be extracted
from the aqueous phase into the FIL phase. In the presentation, the coordination and
extraction abilities of the four FILs will be discussed on the molecular scale according
to the above experimental results.
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Angel Mary Chiramel Tony, Lennart Kruse, Ralf Ludwig, Dietmar Paschek, Anne Strate
University of Rostock

By using Fast Field Cycling (FFC) NMR spectroscopy, dynamical processes can be
studied over many orders of magnitude. However, interpreting FFC-NMR data often
requires motional models that often use simplified analytical forms of the relevant time
correlation functions. Here we propose a novel approach for computing the inter- and
intramolecular contributions to the magnetic dipolar relaxation from molecular dynam-
ics (MD) simulations, enabling us to predict NMR relaxation rates addressing the full
FFC frequency range, covering many orders of magnitude, while also avoiding influ-
ences due to limitations in system size and the accessible time interval. Our approach
is based on combining the analytical theory of Hwang and Freed (HF) [1] for the long-
range intermolecular contribution of the magnetic dipole-dipole correlation function
with MD simulations [2].

We show that the correlation functions due to the HF-theory do asymptotically con-
verge with our MD simulation results at long times. Here we apply this approach to
compute the inter and intramolecular NMR relaxation of 19F nuclei in the ionic liquid
n-pentyl- pyridinium bis-(trifluoromethyl-sulfonyl)imide (C5Py-NTf2 ) to study the dy-
namic of the NTf2 anion. Thus, we are able to study both the influence of the trans-
lational dynamics and the rotational dynamics of the anions. Moreover, by using our
MD simulation based approach, we are able to disentangle the different contributions
to the intramolecular 19F NMR relaxation rate due to the complex intramolecular dy-
namics of the anion.

[1] L.-P. Hwang and J. H. Freed, “Dynamic effects of pair correlation functions on spin relaxation by
translational diffusion in liquids” J. Chem. Phys. 63, 4017 (1975).

[2] D. Paschek et al. “Computing the frequency-dependent NMR relaxation of 1 H nuclei in liquid water”
J. Chem. Phys. 160, 7 (2024).
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Olga Russina’, Emanuela Mangiacapre', Angelica Czerska', Fabrizio Lo Celso?,
Alessandro Triolo®

1) Dip. Chimica Sapienza Universita di Roma
2) Universita di Palermo
3) ISM-CNR, Roma

PET (polyethylene terephthalate) is a widely distributed polymer, comprising 8% of
the total global plastic production. PET-based products are ubiquitous in modern life,
ranging from packaging to, electronica and medical devices. However, it strongly con-
tributes to environmental pollution if not properly disposed of or recycled. In fact,
improperly discarded PET items can end up in landfills, waterways, and oceans, where
they can harm wildlife and ecosystems. On the other hand, proper recycling of PET
reduces the demand for new plastic production and helps mitigate environmental im-
pacts.

Here we show experimental and computational results on our investigation on PET
solvation in two different natural mono-terpenoids and their mixture. Such solvents
represent a valid and sustainable option for efficient recycling of commercial PET. [1]
We probed the performance of carvacrol (CARV) [2] and thymol (THYM), two structural
isomers, and their 1:1 mixture in a commercial PET solubilization, achieving a remark-
able >10 wt% solubilization at 150°C without inducing the plastic degradation.

We explored the conformation of polymer coil in the three solvents using Dynamic
Light Scattering (DLS) and Small Angle X-ray Scattering (SAXS) experiments, high-
lighting different degrees of solvation capability of the terpenoids and their mixture.
Furthermore, Molecular Dynamics (MD) simulations of the same systems allowed ob-
taining an atomistic description of the solvation mechanism of thymol and carvacrol
towards PET. This approach shows that the PET’s high solubility in these media is
driven by thymol’s hydrogen bonding interactions with PET oxygens and carvacrol’s
-1t interactions with the PET aromatic rings. This work represents a significant ad-
vancement in the comprehension of PET dissolution utilizing a natural ES based on
monoterpenoids, paving the way for sustainable PET recycling.

[1] S. C. Pestana, J. N. Machado, R. D. Pinto, B. D. Ribeiro, |I. M. Marrucho, Green Chemistry 2021, 23,
9460-9464.
[2] E. Mangiacapre, A. Triolo, F. Ramondo, F. Lo Celso, O. Russina, Journal of Molecular Liquids 2024,
394, 123778
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Paola D’Angelo
Universita Sapienza di Roma

Deep eutectic solvents (DESs) are currently ruling the research topic about advanced
processing media as a more sustainable alternative to traditional solvents owing to
their simple preparation, versatility, and environmentally benign pedigree. DESs also
belong to the “designer” solvents category, meaning that their chemical-physical
properties can be tuned to meet specific requirements through a judicious choice of
the precursors and their relative composition. Aside from practical significance, the
scientific debate about the fundamental definition of these systems is still going on. At
present, DESs are defined as mixtures of two or more compounds showing a melting
point depression that is deeper than the ideally predicted one for a defined compo-
sition. This unusual thermal behavior seems to rely on the hydrogen-bond (H-bond)
network established between the parent compounds. However, alternative interac-
tions concurring as a driving force for the melting point depression have been also
demonstrated, and thus this definition seems to start crackling. On the other hand, the
achievement of a clearer predictive understanding of the structure—property relation-
ship necessary to design new task-specific DESs is a legitimate goal.

In this contribution, | will show you the results from our work where we tackled some
of these unanswered questions through an in-depth structural investigation of different
types of DESs. This includes both salt-based DESs belonging to the so-called type
“I - IV” categories, and the more recently developed “type V” ones, which are formed
by neutral molecular species like terpenes and phenolic compounds. [1,2] Attention
will be given also to the structural modification induced by the addition of a co-solvent
(e.g., water, methanol, ethanol) to the DES phase. [3] To this purpose, we resorted to a
combined approach among different techniques, including synchrotron radiation X-ray
absorption and scattering, Raman/IR spectroscopies, differential scanning calorime-
try, and molecular dynamics simulations. The combined experimental and theoretical
outcome was able to elucidate the complex nature of interactions able to shape the
structural arrangement of these H-bonded systems.

[1] M. Busato, G. Mannucci, L. A. Rocchi, M. E. Di Pietro, A. Capocefalo, E. Zorzi, P. Casu, D. Veclani,
F. Castiglione, A. Mele, A. Martinelli, P. Postorino, P. D’Angelo, ACS Sustain. Chem. Eng. **2023**, 11,
8988-8999.

[2] M. Busato, G. Mannucci, V. Di Lisio, A. Martinelli, A. Del Giudice, A. Tofoni, C. Dal Bosco,

V. Migliorati, A. Gentili, P. D’Angelo, ACS Sustain. Chem. Eng. **2022**, 10, 6337-6345.

[3] M. Busato, V. Di Lisio, A. Del Giudice, P. Tomai, V. Migliorati, L. Galantini, A. Gentili, A. Martinelli,

P. D’Angelo, J. Mol. Lig. *2021**, 331, 115747.
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Yusuke Morisawa
Kindai University

The lone pair electrons of a hydrogen bond acceptor are the electrons that are “cova-
lent” in the hydrogen bond. Therefore, electronic transitions caused by lone pair elec-
trons can serve as probes directly affected by changes in hydrogen bonding. Spectro-
scopic studies using X-ray Photoelectron Spectroscopy (XPS) and other techniques
have been conducted to investigate these transitions. On the other hand, electronic
transitions due to lone pair electrons are also observed in the far-ultraviolet (FUV)
region, where transitions near the Highest Occupied Molecular Orbital (HOMO) and
Lowest Unoccupied Molecular Orbital (LUMO) are observed.

We have developed an attenuated total reflectance spectrometer in the FUV region
(ATR-FUV) and pioneered a technology to easily observe FUV spectra in solutions. For
example, the far-UV spectrum of liquid water has recently been observed as a trans-
mission spectrum, but even prior to that, we observed the FUV spectra of liquid H20
and D20 using ATR-FUV. Furthermore, due to its simplicity, this measurement method
has allowed us to observe and report on a wide variety of aqueous solutions.

As aresult, it was revealed that the A-X transition of water in the FUV spectrum chang-
es very sensitively depending on the coordination experienced by the lone pair elec-
tron of water. For instance, ATR-FUV spectra of super concentrated aqueous solu-
tions, such as Water-in-Salt (WIS) and Hydrated Melt (HM) using a lithium salt, were
measured. The effects of anions and cations on the ATR-FUV spectra were examined.
The findings indicate that the transition energy of the A-X transition of water in HM and
WIS increased by nearly 10 nm (equivalent to an energy shift of over 0.3 eV) compared
to a typical aqueous electrolyte. It was also discovered that the transition energy of
water varies depending on the environment of the non-bonding electron, which is
either directly linked with or influenced by hydrogen bonding with other water mole-
cules, or directly associated with Li*.
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Mischa Flér, Arthur Bouchez, Viktor Vorobev, Sylvie Roke
Ecole Polytechnique Fédérale de Lausanne (EPFL)

Solutions of charged atoms/molecules in water are an essential ingredient of many
diverse aspects of life and relevant to technology: The bodily fluids (blood and cellular
fluid are prime examples), but also are the key contents of batteries. lonic solutions
are commonly described as homogeneous mixtures in which ions are statistically dis-
tributed. However, Kirkwood showed nearly a century ago that this simple description
is incomplete for the relevant concentration range and that the structure of electrolyte
solutions is far more complex. Disentangling the structural complexity of water, ions
and (macro)molecules and their respective interactions requires structural information
on multiple length scales, from the single water molecule to the nano- and microscale.
Here, we present a combination of linear and nonlinear light scattering approaches
combined with vibrational spectroscopy that can be used to map both short — and
long-range interactions as well as collective effects pertaining to all molecular actors.
Our findings can shed new light on a variety of biological and technological processes.
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Fabio Novelli
Ruhr University Bochum

The photo-induced radiolysis of water is an elementary reaction in biology and chem-
istry, forming solvated electrons, OH radicals, and hydronium cations on fast time
scales. Here, we use a novel Optical-Pump Terahertz-Probe (OPTP) spectroscopy set-
up to trigger the photo-ionization of water molecules with optical laser pulses at ~400
nm and then time-resolve the transient solvent response with broadband terahertz
fields with a ~90 fs time resolution.

When pure water is photoionized, we observe three distinct spectral responses in the
OPTP experiments[1]. The first is a positive broadband mode that can be attributed to
an initial diffuse, delocalized electron with a radius of (22 + 1) A, which is short lived (<
200 fs) because the absorption is blue-shifting outside of the THz range. The second
emerging spectroscopic signature with a lifetime of ca. 150 ps is attributed to an inter-
molecular mode associated with a mass

rearrangement of solvent molecules due to charge separation of radicals and hydro-
nium cations. After ~0.2 ps we observe a long-lasting THz signature with depleted
intensity at 110 cm-1 that is well reproduced by ab initio molecular dynamics. We
interpret this negative band at 110 cm-1 as the solvent cage

characterized by a weakening of the hydrogen bond network in the first and second
hydration shell of the cavity occupied by the localized electron.

The dissolution in water of iodide anions (I-) increases the number of photo-gener-
ated electrons. In particular, we showed in a separate publication[2] that a 9M water
solution of sodium iodide displays a large (-20%) and fast (~70 fs) OPTP signal. As
the optical properties of the liquid are modulated on a timescale that is shorter than
the duration of the THz optical cycle, the THz fields transmitted by such concentrated,
salty liquid solutions are upshifted in frequency from ~1 to ~3 THz, with an efficiency
of about 4%. This technique could be used to tailor THz fields at low frequency and,
in the long term, it could open the door to “water electronics.” An advantage is fast
decay time of the THz photo-switch, ~70 fs, which could be used at a fast rate or,
equivalently, have a large bandwidth than typical semiconducting devices.

[1] E. Novelli*, K. Chen, A. Buchmann, T. Ockelmann, C. Hoberg, T. Head-Gordon*, M. Havenith* **The
birth and evolution of solvated electrons in the water** *Proceedings of the National Academy of Scienc-
es* 120, 8, e2216480120, 2023

[2] A. Buchmann, C. Hoberg, F. Novelli* **An ultra-fast liquid switch for terahertz radiation** *APL Pho-
tonics* 7, 121302, 2022
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3) Center for Molecular Engineering and Materials Science Division,
Argonne National Laboratory

4) Department of Chemistry, University of Chicago

Water is a unique solvent which plays a fundamental role in biochemical and industrial
processes, and more in general in life as we know it. Many of the peculiar properties
of water arise from its ability to form hydrogen-bonded networks. [1] However, despite
the significant efforts, both the electronic structure and optical properties of water
have still not been fully elucidated. In recent years, several theoretical works have
focused on investigating the ground state and optical absorption of liquid water and
ice, whereas less effort has been dedicated to emission properties. [2-4] While the
luminescence of UV-excited ice has been studied over the last few decades, [5, 6]
more recent experiments have shown an anomalous intrinsic fluorescence of HCI and
NaOH aqueous solutions. [7] In this context, our goal is to study UV absorption and
emission of crystalline ice and HCI and NaOH concentrated aqueous solutions at a
quantum-chemical level. All our UV-optical spectra have been computed using the
WEST code [8] which allows us to work within periodic boundary conditions, hence,
to model the bulk properties of the system of interest. This leads to a more accurate
description of the water-based systems, whose properties are often computed using
cluster models due to the limiting computational cost. The method here employed
then allows us to calculate absorption and emission spectra, studying the nature of
the transitions and their relation with specific structural and electronic properties of
the system.

[1] Agmon, N.; Bakker, H. J.; Campen, R. K.; Henchman, R. H.; Pohl, P;; Roke, S.; Thamer, M.; Hassanali,
A. Chem. Rev. 2016, 116, 7642.

[2] Garbuio, V.; Cascella, M.; Reining, L.; Del Sole, R.; Pulci, O. Phys. Rev. Lett. 2006, 97, 137402.

[3] Garbuio, V.; Cascella, M.; Kupchak, I.; Pulci, O.; Seitsonen, A. P. J. Chem. Phys. 2015, 143, 084507.
[4] Nguyen, N. L.; Ma, H.; Govoni, M.; Gygi, F; Galli, G. Phys. Rev. Lett. 2019, 122, 237402.

[5] Quickenden, T. I; Litjens, R. A. J.; Freeman, C. G.; Trotman, S. M. Chem. Phys. Lett. 1985, 114, 164.
[6] Langford, V. S.; Mckinley, A. J.; Quickenden, T. I. Acc. Chem. Res. 2000, 33, 665-671.

[7] Villa, A. M.; Doglia, S. M.; De Gioia, L.; Bertini, L.; Natalello, A. J. Phys. Chem. Lett. 2019, 10, 7230.
[8] Govoni, M.; Galli, G. J. Chem. Theory Comput. 2015, 11, 2680.
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Ana Vila Verde, Hosein Geraili Daronkola
University of Duisburg-Essen, Germany

Proteins of obligatory halophilic organisms - which accumulate KClI in their cytoplasm
up to multimolar concentrations - remain folded and functional despite these hard
conditions. This ability is thought to emerge from their unusual amino acid composi-
tion: among other differences, halophilic proteins are much richer in acidic amino ac-
ids than their non-halophilic (also called mesophilic) counterparts: they have a typical
net charge of -8*e* or -10%e*, rather than the -3*e* or -4*e* found in mesophilic pro-
teins. We have used molecular dynamics simulations with classical, atomistic force
fields to investigate how the excess acidic amino acids enable halophilic proteins to
remain folded and functional at high KCI concentrations. Simulations of 5 pairs of
halophilic and mesophilic proteins, with different sizes, net charges and degrees of
halophilicity have revealed that the solvation shell composition of proteins varies sys-
tematically with the surface density of acidic amino acids making up proteins. Con-
trary to expectations, however, that composition is robust to changes in electrolyte
concentration for *all* proteins investigated, suggesting that an excess of acidic amino
acids is not necessary to keep proteins hydrated in solvents with low water activity
as previously thought. Free energy calculations further revealed that spatially close
acidic amino acids on proteins can, at high salt concentration, interact with cations in
solution to form cooperative, stabilizing interactions. These interactions do not rely
on rigid relative orientations of their side chains, and may occur also in unfolded but
collapsed protein configurations. Because the ensemble of collapsed but unfolded
protein configurations is much smaller than the total unfolded configuration ensem-
ble, the net effect of the cooperative interactions should stabilize the folded protein
configuration, however. Simulations also revealed that, contrary to expectations, the
more intense hydrophobic effect at high salt concentration has little impact on protein
dynamics. Rather, salt concentration impacts protein dynamics non-linearly, through
electrostatic interactions: flexible regions rich in like-charges might experience low-
er amplitude motions at higher salt concentration, whereas the opposite may occur
for flexible protein regions rich in unlike-charges , because of enhanced electrostatic
screening at high salt concentrations. These results have implications for the rational
design of enzymes to produce molecules, to reduce CO2, or to produce H2 in saline
solutions, thus reducing usage of scarce fresh water resources.
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G-quadruplexes (G4s) are non-canonical four-stranded DNA helical structures formed
through the stacking of four in-plane Hoogsteen-paired guanine bases [1,2]. Their lo-
cation in the human genome is often related to cancer biology and genome activities
like transcription, replication, genome stability, and epigenetic regulation [3, 4].

In general, not much is known about the hydration layer around G4. Most of the work
has been performed in crowded conditions, where it seems that their pronounced
polymorphism is strictly regulated by their hydration [5-7]. Water molecules can go in
both the medium and the narrow grooves; however, recent research suggested that the
latter can accommodate extended filiform networks of water molecules, called spines
[8]. Antiparallel and hybrid topologies are indeed more prone to host stable water
spine structures. In diluted conditions, many factors affect the G4 structure because
each state is separated by small energy barriers, therefore it is intriguing to investigate
the relation between solvation and G4 conformations. We exploited UV Resonance
Raman scattering to simultaneously explore the vibrational behaviour of a human tel-
omeric G4 and its aqueous solvent as the biomolecule undergoes thermal unfolding
[9]. We found that the OH stretching band, related to the local hydrogen-bonded net-
work of a water molecule, was in strict relation with the vibrational features of the G4
structure as a function of temperature. In particular, the modifications to the tetrahe-
dral ordering of the water network were strongly coupled to the G4 rearrangements,
showing changes in temperature that mirrored the DNA multi-step melting process.
The comparison between circular dichroism and Raman results supported this view.
The present findings provide novel insights into the impact of the molecular envi-
ronment on G4 conformation. Improving current knowledge on the solvent structural
properties will also contribute to a better understanding of the role played by water
arrangement in the complexation of G4s with ligands.

[1] S. Neidle, Royal Society of Chemistry Cambridge 2006, 7

[2] A. Ambrus et al., Nucleic Acids Res. 2006, 34.9, 2723-2735

[3] Y. Ding et al., Sci. Rep. 2018, 8.1, 1-11

[4] J. Hackett et al., Cell 2001, 106.3, 275-286

[5] L. Petraccone, Methods 2012, 57.1, 76-883.

[6] D. Miyoshi et al., J. Am. Chem. Soc. 2006, 128.24, 7957-7963
[7] M.C. Miller et al., J. Am. Chem. Soc. 2010, 132.48, 17105-17107
[8] K. Li et al., Nucleic Acids Res. 2021, 49.1, 519-528

[9] V. Libera et al., Int. J. Mol. Sci. 2022, 23.9, 5123.
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Ultraviolet absorption in protein have typically been associated to the presence of
aromatic groups. However, recent studies have demonstrated that proteins lacking ar-
omatic groups can also exhibit absorption in this region of electromagnetic spectrum.
One of the recently studied synthetic non-aromatic protein, a3C, has been experimen-
tally observed to exhibit absorption in the ultraviolet and visible range, with an absorp-
tion tail ranging from 250 - 800 nm. Motivated by these results and previous theoreti-
cal studies on amino acid dimers in vacuum, we decided to explore these absorption
properties using a novel approach. In this work, following the classical molecular dy-
namics simulation of a3C in an aqueous solution, we applied unsupervised machine
learning techniques to identify and cluster emergent atomic environments from the
simulation configurations. We identified three distinct major clusters and investigated
their absorption properties separately using density functional tight binding (DFTB)
combined with the quantum mechanics/molecular mechanics (QM/MM) method.
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Imre Baké
HUN-REN Research Centre for Natural Sciences, Hungary

It is well known that many properties of protein molecules (catalytic activity, binding
to other molecules, dynamical properties, folding etc...) are fundamentally influenced
by their solvent layer: by the properties of water molecules and the H-bonded network
they form around the macromolecule. It is commonly assumed that at least one hydra-
tion layer of is necessary for the protein to be functional and for enzymes to be catalit-
ically active. However, the effect of the properties and extent of the H-bonded network
further from the surface of the biopolymer is still a controversial issue. In the present
paper we investigate this question in part using the structural descriptors known from
water structure analysis (local structural index, tetrahedrality, Tanaka order paremeter,
ring formation.) In our study we analyse in detail the first hydration layer, which is
known to have a non-homogeneous structure. Here we also pay particular attention to
the amino acid composition and the existence of different secondary structural forms
such as helices, sheets and turns. Our investigations are carried out for both a classi-
cal, ordered (lysosime) and for an intrinsically disordered protein (HMG-I, hgh mobility
group). We characterize the lifetime of water molecules in the hydration layer using a
lifetime distribution function, taking into account that molecules can move in and out
of the layer. The dynamical properties of water molecules, which are known to undergo
significant changes (slowing down), are analysed using orientation correlation func-
tions and displacement/time distribution functions. The well-defined clusters present
in the H-bonding network for both protein and surface water molecules are analysed
using the well known louvain method from network theory.
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1) Kobe University
2) Waseda University

We have been studying temperature dependence of dielectric response of aqueous
solutions and hydrated soft matters such as proteins and lipid bilayers from the sub-
GHz to THz frequency range. The broad frequency range is covered by several spec-
trometers. A vector network analyzer is used for the sub-GHz to 20 GHz region, and
two time-domain spectrometers covers sub-THz region (30 GHz to 300 GHz) and THz
region (0.2 THz to 2.0 THz). When it is necessary, we use a FTIR spectrometer for
the far-IR region (50 cm-1 to 700 cm-1). Temperatures for the measurement can be
controlled for all the spectrometers from -40°C to room temperature. This allows us
to observe temperature dependence of the complex dielectric spectra for the almost
entire spectral region. By using this system we measured temperature dependent di-
electric response of the dehydrated and hydrated states of various soft matters such
as globule protein, membrane protein, and lipid bilayer. Generally, there is a low-fre-
quency vibrational modes due to the global motions of the soft matters in the THz
frequency region, which does not show large temperature dependence. In the GHz
region a spectral component due to the relaxation dynamics of the hydration water
molecules is observed, and this spectrum shifts to the higher frequency side when
temperature increases. At around -40°C the low-frequency relaxation component and
the high-frequency vibrational component overlaps, which causes sudden increase in
the intensity of the absorption spectrum in the THz region.

Furthermore, we performed molecular dynamics simulations for hydrated globule pro-
teins to interpret these experimental observations. The decomposed total dipole mo-
ments into protein, hydration water, and their cross correlation contributions enables
us to describe the dielectric relaxation processes independently. Furthermore, these
contributions are divided into the local contributions in terms of the residue and the
backbone components in lysozymes. The whole line shapes of the spectra were well
reproduced in the range from 0.1 GHz to 2.0 THz.

55

Oral contribution

Thursday 12




Oral contribution

s
N
-
>
1]
o
wn
—
3
=

EMLG-JMLG Annual Meeting 2024 | Trieste, 8-13 September 2024

Kamil Polok, Barttomiej Bazaniak, Joanna Bukojemska, Wojciech Gadomski,
Piotr Garbacz, Karolina Skata

Faculty of Chemistry, University of Warsaw

2-Propanol (IP) is a commonly used organic solvent for cleaning optics and electron-
ic contacts, in DNA extraction, and as a sanitizer (70% solution in water) due to its
antiseptic properties. Fluorinated alcohols, such as 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP), are frequently employed as co-solvents having a significant impact on the
structural and dynamic properties of proteins and peptides in aqueous solutions. In
contrary to IP and HFIP, the less studied 1,1,1-trifluoro-2-propanol (TFIP) is a chiral
molecule and exhibits some peculiar behavior when mixed with water. While IP and
HFIP mix with water at any ratio, TFIP shows phase separation for some concentra-
tions, which was previously attributed to low affinity between CH3 and CF3 groups,
hindering micelle-like assembly formation [1]. Here, we employ femtosecond optical
Kerr effect spectroscopy combined with molecular dynamics simulations and quan-
tum-mechanical calculations to investigate the vibrational, translational, and rotational
dynamics as well as the local structure of IP, TFIP, and HFIP molecules. For TFIP we
present results for pure enantiomer and a racemic mixture.
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The molecular dynamics simulation of ambient condition glycerol are used to calcu-
late the time dependent atom-atom van Hove correlation functions G_{ab}(r,t), as well
as the corresponding intermediate scattering functions F_{ab}(k,t) and the dynamical
structure factors S_{ab}(k,w), both for the self and distinct contributions. Their study
reveals the microscopic origin of the high viscosity of this liquid [1]. In particular it is
found that room temperature glycerol behaves as a supercooled liquid [2], with the
typical power law decay of the relaxation times. Interestingly, it is also found that the
charge order decay at short range is significantly faster than that found in water and
other associated liquids. The puzzling contrast between very fast short time dynamics
and slow long time dynamics is traced back to the nature of the charge order with
multiple H-bonding possibilities on the same molecule. This order leads to a stretched
exponential decay over the entire time range, characterized by a rapid reorganiza-
tion of the short range molecular order and slow long time dynamics. This behavior
persists across different force fields, suggesting that the mechanisms described are
genuine to the real glycerol.

[11 A. G. M. Ferreira, A. P. V. Egas, |. M. A. Fonseca, A. C. Costa, D. C. Abreu, L. Q. Lobo, The viscosity of
glycerol, The Journal of Chemical Thermodynamics 113, 162-182 (2017)

[2] P. Lunkenheimer, A. Pimenov, M. Dressel, Yu. G. Goncharov, R. Béhmer, A. Loidl, Fast Dynamics of
Glass-Forming Glycerol Studied by Dielectric Spectroscopy, Phys. Rev. Lett. 77, 318-321 (1996)
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Institut des Sciences Moléculaires, UMR 5255 CNRS Université de Bordeaux

Understanding the mutual solubility of water with multi-component gas mixture (CO.,
No, Ho) at high pressures and temperatures is of great interest in various fields such
as gas storage in deep aquifers [1], hydrogenation processes for biomass valorization
[2] and for the understanding of the chemistry in hydrothermal vents.[3] Until now,
phase behavior,[4] spectroscopic studies [5] and atomic scale insights [6] of water-CO,
binary mixtures have been performed for a deeper molecular level understanding of
their thermophysical properties. It was found that the increase with temperature of the
CO,-water mutual solubility with a complete miscibility reached at temperature close
to the critical temperature of water was related to a progressive breakdown in the
hydrogen bond network of water leading to a predominant number of H,O molecules
existing as monomers at the highest temperatures. However, little to none is known
about the phase behaviour of more complex systems such as ternary and quaternary
mixtures.[1] In this context, we propose a novel co-localized Infrared/Raman spec-
troscopic approach to investigate the mutual solubility of water with CO,, N, and H,.
The simultaneous recording of IR and Raman spectra using a single high-pressure cell
allows several benefits by saving time and resources, and allowing a direct correlation
between IR and Raman data, and thus allowing quantitative analysis from Raman
data. Thus, we have investigated the gas and the liquid phase of the binary, ternary
and quaternary mixtures of water-CO,-N,-H. in order to characterise the evolution of
the local order in both phases as a function of temperature in the range 40-320°C at a
constant pressure P=20 MPa. In particular, the effect of H, and N on the thermophys-
ical properties of the CO,/water mixtures will be presented.

[1] M. Hajiw, J. Corvisier, E.E. Ahmar, C. Coquelet, International Journal of Greenhouse Gas Control, 68
(2018) 247-255.

[2] I. Bonnin, R. Méreau, T. Tassaing, K. De Oliveira Vigier, ACS Sustainable Chem. Eng., 12 (2024) 7276~
7288.

[3] E. Branscomb, M.J. Russell, BioEssays, 40 (2018) 1700182.

[4] K. Tédheide, E.U. Franck, Z. Phys. Chem., 37 (1963) 387-401.

[5] R. Oparin, T. Tassaing, Y. Danten, M. Besnard, J. Chem. Phys., 120 (2004) 10691 - 10698.

[6] M. Shiga, T. Morishita, N. Nishiyama, M. Sorai, M. Aichi, A. Abe, ACS Omega, DOI 10.1021/acsome-
ga.4c00133(2024).
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Molecular diffusion in heterogeneous media is a ubiquitous phenomenon observed
in a wide variety of physical, chemical, and biological systems. Understanding these
phenomena requires detailed insight into the diffusion mechanism in heterogeneous
systems. The timescale of mass transport in the heterogeneous systems is typically
longer than that of all-atom molecular dynamics (MD) calculations. Thus, the ability
of MD simulations to directly address these phenomena is limited. One approach to
overcome this difficulty is to construct and evaluate coarse-grained dynamics of the
transported molecules using dynamic Monte Carlo (MC) method [1]. Using this meth-
odology, we have successfully investigated the transport of the hydrogen gas mole-
cules in the polymer electrolyte membranes [2,3]. The input for this dynamic Monte
Carlo method is the free energy landscape and position-dependent diffusion constant
of the transported molecules. The free energy landscape can be evaluated rigorously
via many conventional methods of MD calculations. To evaluate the position-depend-
ent diffusion constant of the light molecule like hydrogen molecules, we developed
new method using flat-bottom potential [4].

Although the free energy landscape and position-dependent diffusion constant can
be rigorously evaluated via MD calculations, such calculations are computationally
expensive. This cost is the barrier to broader application of the dynamic MC method
to the variety of the large-scale systems. Hence, we are motivated to reduce the cost
by using a surrogate model to predict these two quantities via a machine learning (ML)
model. The ML model is expected to replace some of the computationally demand-
ing MD calculations of the free-energy landscape and position-dependent diffusion
constant. For this end, we used a support vector regression with the smooth overlap
of atomic position (SOAP) kernel. In an application to the hydrogen molecules in the
polymer electrolyte membranes, the trained model with appropriate hyperparameters
predicted these quantities with an *R*<sup>2</sup> value higher than 0.8. Using
these two quantities, we evaluated the global diffusion constants and found a good
agreement with the reference value. Therefore, we concluded that the combination of
the dynamic MC method and ML model is a promising approach to understand the
mass transport in heterogeneous systems.

[1] T. Nagai et al., J. Chem. Phys. **156**, 044507 (2022).

[2] T. Nagai et al., J. Chem. Phys. **156**, 154506 (2022).

[3] T. Nagai and S. Okazaki, J. Chem. Phys. **157**, 054502 (2022).
[4] T. Nagai et al., J. Chem. Theory and Comput. **16**, 7239 (2020).
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Mikel Loizate, Elena Formoso, Elixabete Rezabal, Luca Salassa, Jon Zubeltzu
University of the Basque Country EHU/UPV, DIPC

Choline and geranate-based (CAGE) solvents have recently emerged as promising
candidates for oral and transdermal drug delivery systems owing to their biocompati-
ble and antibacterial attributes.

Previous investigations have provided insights into CAGE, including the effect of dif-
ferent choline and geranate ratios on physicochemical properties [1], the influence of
water [2], and structural evaluations using experimental techniques [3]. However, there
remain gaps in the structural details and a lack of systematic theoretical research to
address , among others, the reliability of the force-fields available or the nature of the
interaction between -COOH and -COO of geranic acid and geranate [4].

In this study, CAGE in 1:1 and 1:2 choline/geranate ratios with an 8% water content
was analyzed by employing classical molecular dynamics (MD) simulations alongside
Density Functional Theory (DFT)-based molecular dynamics. Three distinct transfer-
able force-fields were employed for CAGE, including non-polarizable CL&P, AMBER,
and polarizable CL&Pol force fields, while non-polarizable TIP4P and polarizable
SWM4-NDP models were utilized for water.

Segregation between polar and non-polar domains is observed in both CAGE1:1 and
CAGE1:2, and the polar components (water, the -OH of choline, the -COOH of geranic
acid, and the -COO of geranate) establish an intricate hydrogen-bond network. Spe-
cifically, in CAGE1:1, hydrogen-bond interactions are found between each oxygen of
the -COO of geranate and one choline and one water molecule on average, each of
which simultaneously interacts with another geranate. In CAGE1:2, additionally, ge-
ranic acid’s -COOH group forms hydrogen bonds with the -COO of geranate, as well
as with the oxygen of a water molecule, which in turn interacts with another geranic
acid. The overall description of the structure is consistent across all three force-fields,
with slight discrepancies between CL&Pol and CL&P. However, AMBER exhibits ap-
preciable differences in the distribution of water around geranate and the interaction
between geranic acid and geranate.

[1] Tanner, E. E. L., Ibsen, K. N., & Mitragotri, S., Transdermal insulin delivery using choline-based ionic
liquids (CAGE). Journal of Controlled Release, 286, 137-144 (2018).

[2] Tanner, E. E. L., Piston, K. M., Ma, H., Ibsen, K. N., Nangia, S., & Mitragotri, S., The Influence of Water
on Choline-Based lonic Liquids. ACS Biomaterials Science & Engineering, 5(7), 3645-3653 (2019).

[3] Takeda, J., lwao, Y., Karashima, M., Yamamoto, K., & Ikeda, Y., Structural Evaluation of the Choline
and Geranic Acid/Water Complex by SAXS and NMR Analyses. ACS Biomaterials Science & Engineer-
ing, 7(2), 595-604 (2021).

[4] A. Banerjee, K. Ibsen, T. Brown, R. Chen, C. Agatemor, S. Mitragotri, lonic liquids for oral insulin de-
livery. PNAS, 2018, 115, E11000.
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Katsura Nishiyama', Koshi Kitajima', Taisei Ishiyama?, Rio Kita?, Yukiteru Katsumoto?®
1) Meijo University

2) Tokai University

3) Fukuoka University

We study audible sound absorption and dielectric relaxation measurements, where
binary organogels comprising phenol and a surfactant (AOT). We have found that col-
lective motions of organogel higher structures, or the fibrous network, are responsible
for characteristic audio and dielectric relaxations.

Organogels are applying to be a host material in which optical devices, such as emit-
ters, are dispersed. Gels can easily form a shape we want, which works as an advan-
tage of the material design. In the previous paper by an present author and others [1,
2], we have studied organogel availability and properties comprising phenols (p-chlo-
rophenol and derivatives) and a surfactant AOT (bis(2-ethylhexyl) sulfosuccinate). As a
higher-order structure of the organogel, we found a fibrous network with dimensions
where length and diameter are 20pum and 1um, respectively. This network is put out
from self-assembly of the binary gelators. We have reported on the microscopic struc-
ture, rheology, and transparency of these gels [1, 2]. We talk about in this conference
audible-zone sound and dielectric relaxation measurements, for better understanding
of organogel applications.

The gelators (phenol and AOT) and solvents (m-xylene, 2,2,4-trimethylpentane, and
cyclohexane) were used. The 0.2 mol dm-3 solutions of each gelator were mixed to
obtain an organogel spontaneously. In the audio measurements, the organogel ma-
terial is filled in a poly(urethane) tube, where the sound damping with and without
organogels was recorded.

Our dielectric measurements use 3-terminal electrode containing a main electrode
that is sandwiched by two guard electrodes. The dielectric spectra were acquired
using an Alpha A analyzer (Novocontrol). The frequency and temperature were swept
between 10 mHz-10 MHz and 223 K-298 K, respectively.

Results from audible sound damping indicate that the organogel in alkane (2,2,4-tri-
methylpentane) absorbs 20 dB at 7,000 Hz, whereas 15 dB at 3,000 Hz. Dielectric
relaxation measurements reveal that the real and imaginary parts of relaxation depend
on temperature, where characteristic relaxation modes in frequency appear at around
1—1,000 Hz. We will understand sound damping and dielectric relaxation in relation
with organogel higher-order structures.
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Laszlo Almasy', Fatima Matroodi?, Barbara Rossi?, Mikhail Avdeev,?
Marco Paolantoni¢, Andrea Mele®

1) HUN-REN Centre for Energy Research, Budapest, Hungary
2) Elettra-Sincrotrone Trieste, Basovizza, Italy

3) Joint Institute for Nuclear Research, Dubna, Russia

4) Universita degli studi di Perugia, Italy

5) Politecnico di Milano, Italy

Solvation behavior of various types of small organic molecules are studied by scatter-
ing and spectroscopic techniques, aiming to reveal their structural organization and
eventual self-assembly in aqueous solutions, and the closely related vibrational dy-
namical signatures of the surrounding water network. Prototypical series of methylim-
idazolium - based ionic liquids, and methyl-substituted urea solutions were investigat-
ed by UV Raman spectroscopy and small-angle neutron scattering. Selected Raman
signals in different wavenumber ranges show the local organization of cation-anion
pairs as a function of the increasing amount of water in a wide range of concen-
trations. The high-frequency range of Raman spectra was analyzed by a differential
method to extract the solute-correlated (SC) spectra from the OH stretching profile of
water, which emphasize the molecular structuring of the interfacial water in the hydra-
tion shells around the selected anions.

The neutron scattering data show the water — IL segregation at nanometer length scale
and obey the Ornstein-Zernike form of statistical concentration fluctuations. Raman
data indicate that the organization of the interfacial water differs markedly for different
solutions, and reflect the specific anion—water interactions. In particular, in the case of
[BMIM][BF4], which forms weaker hydrogen bonds with water, the aggregation prop-
erties depend strongly on concentration, and correlate with the local changes in the
interfacial water. On the other hand, stronger water—-anion hydrogen bonds and more
persistent hydration layers were observed for [BMIM][TfO], which likely suppress ag-
gregation of the IL.

While the studied aqueous solutions of methylimidazolium ILs, alcohols, amides
and heterocyclic amines all show strong concentration fluctuations, the structure of
aqueous solutions of linear alkylamines exhibit qualitatively different behavior, char-
acterized by appearance of a strong and concentration-dependent pre-peak feature
at small scattering angles, which is interpreted as the signature of a locally ordered
microheterogeneous structure of polar and apolar domains, in a manner of charge
ordering in ionic systems [2].

[1] C. Bottari, L. Aimasy, B. Rossi, B. Bracco, M. Paolantoni, A. Mele, J. Phys. Chem. B 126, 4299-4308
(2022).
[2] L. Almasy, A.l. Kuklin, M. Pozar, A. Baptista, A. Perera, Phys. Chem. Chem. Phys. 21, 9317-9325
(2019).
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Ali A Hassanali

Condensed Matter and Statistical Physics (CMSP)
The Abdus Salam International Center for Theoretical Physics (ICTP), Trieste

Is Liquid Water really a tale of two liquids? Is the structure of the excess proton in water
an Eigen or Zundel species? Can molecules dissolved in water be rigidly classified into
hydrophobic or hydrophilic? Discrete or binary classifications are at the heart of the
interpretation of phenomena associated with understanding the properties of aqueous
solutions. In this discussion, | will share three stories that have recently emerged from
our group that will attempt to challenge some of these ideas.

One of the most well studied and common interpretations of water’s anomalous prop-
erties is the existence of two liquids namely the low-density liquid (LDL) and high-den-
sity liquid (HDL). Similarly, two-state models (Eigen or Zundel) are central to acid-base
chemistry which is at the heart of characterizations of proton transfer in liquid water.
Here, | will illustrate some recent work leveraging unsupervised learning techniques
to highlight how chemical discreteness limits our interpretations of fluctuations of the
hydrogen-bond network in these contexts.

A critical first step in solvation theory is the creation of a cavity. The thermodynamics
associated with this process is at the heart of hydrophobicity and its two-length scale
cross over. | will share some recent data-driven approaches that will illustrate how
shape and geometry affects the crossover in hydrophobicity.

In the final part of my talk, | will discuss some recent findings on how oily (non-polar)
molecules can pick up polar traits due to subtle quantum mechanical effects. We be-
lieve that this feature is central to an ongoing raging debate in the field on the origin
of the negative charge at hydrophobic surfaces which we attribute to the coupling
between the hydrogen-bond network topology and charge transfer.
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Andrij Trokhymchuk!', Barbara Hribar-Lee', lvo Nezbeda?

1) Faculty for Chemistry and Chemical Technology, University of Ljubljana
2) Faculty of Science, J. E. Purkinje University

In 1983, summarizing their developments of perturbation theory, Chandler at al [1]
declared that for systems with electrostatic interactions, and for hydrogen bonding
substances in particular, the so-called van der Waals picture of liquids breaks down.
The strength of attractive forces, that became competitive with typical repulsions, was
recognized as the main reason for such a failure.

In this presentation we argue that the recently proposed approach [2, 3] by suggesting
to consider all short-range attraction forces be responsible for changes of excluded
volume in the system, results in the first-order perturbation theory that performs ex-
tremely accurately over a wide range of thermodynamic conditions. To illustrate, the
proposed theory first is applied to Lennard-Jones-like Yukawa fluid — the case, when
all calculations can be reduced to the closed analytical description using existing MSA
solutions [4]. An extension of this approach to complex systems, like ionic and as-
sociating fluids, is discussed. The importance of excluded volume phenomenon in a
particular case of hydrogen bonding substance such as water is illustrated as well.

[1]1 D. Chandler, J. D. Weeks, H. C. Andersen, Van Der Waals Picture of Liquids, Solids, and Phase Trans-
formations, *Science*, **220** (1983) 787.

[2] R. Melnyk, I. Nezbeda, D. Henderson, A. Trokhymchuk, On the role of reference system in perturbation
theory, *Fluid Phase Equilib*., **279** (2009) 1.

[3] I. Nezbeda, R. Melnyk, A. Trokhymchuk, A new concept for augmented van der Waals equations of
state, *J. Supercrit. Fluids*, **55™ (2010) 448.

[4] Y. Tang, B.C.-Y. Lu, Analytical solution of the Ornstein-Zernike equation for mixtures, *Molec. Phys*.,
**84** (1995) 89
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Matteo Busato', Alessandro Tofoni', Andrea Melchior?, Paola D’Angelo’

1) Dipartimento di Chimica - Sapienza Universita di Roma
2) Dipartimento Politecnico di Ingegneria e Architettura - Universita di Udine

Knowledge of the solvation structure of a metal cation in aqueous and organic media
can disclose a fundamental understanding of its dissolution, transport, and thermo-
dynamic properties. As far as the Ag+ ion is concerned, its coordination chemistry
has been the subject of a debate spanning at least the last four decades. This is well
testified by the proliferation of coordination models for Ag+ solvates presented so far,
ranging from common tetrahedral or octahedral to more exotic trigonal bipyramidal or
linearly distorted tetrahedral geometries, through both experimental and theoretical
investigations.[1-3] This complexity derives from the peculiar electronic properties of
the Ag+ center, for which the relativistic effects cannot be neglected and have a pivotal
role in shaping this peculiar coordination chemistry. In this way, this ion poses a hard
test bench challenging the state-of-the-art techniques and data analysis methods for
the determination of metal ions coordination in solution.

In this research, we carried out a re-evaluation of the Ag+ ion coordination in aqueous
solution and organic media through both synchrotron radiation spectroscopic tech-
niques and simulation methods. The conjunction of extended X-ray absorption fine
structure (EXAFS) and X-ray absorption near-edge structure (XANES) data analysis,
aided by ab initio molecular dynamics, allowed us to overcome the previous discrep-
ancies present in the literature. A complex picture of the Ag+ ion hydration was ob-
tained, where two first-shell water molecules coordinate with a linear geometry, while
the hydration sphere is completed by two more distant intra-shell water molecules to
form a “2+2” model.[4] A similar picture is obtained in methanol solution, despite half
the hydrogen-bonding (H-bonding) capability of this solvent molecule compared to
water. Differently, a regular tetrahedral coordination was unambiguously determined
in the aprotic dimethyl sulfoxide with advanced theoretical models in the framework
of the finite differences method for the analysis of the XANES data. The coordination
thus results in being highly influenced by the balance between the ion-solvent and
solvent-solvent interactions, the latter being constituted by the H-bonded network
among first- and outer-sphere solvent molecules.

Altogether these data show how the Ag+ solvation is far from being described with
simple limit geometries. We expect our results to provide corroborated fundamental
knowledge for future investigations involving solutions of Ag+ salts, which largely de-
pend on structural insights such as those provided in this work.

[1] I. Persson and K. B. Nilsson, Inorg. Chem., 2006, 45, 7428-7434.

[2] Y. Tsutsui, K. Sugimoto, H. Wasada, Y. Inada and S. Funahashi, J. Phys. Chem. A, 1997, 101, 2900-
2905.

[3] N. Prasetyo, J. Mol. Lig., 2022, 361, 119688.

[4] M. Busato, A. Melchior, V. Migliorati, A. Colella, I. Persson, G. Mancini, D. Veclani and P. D’Angelo,
Inorg. Chem., 2020, 59, 17291-17302.
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Cesare Malosso', Stefano Baroni', Ali Hassanali?, Maria Grazia Izzo', Natalia Manko?
1) Scuola Internazionale Superiore di Studi Avanzati (SISSA), Trieste
2) The Abdus Salam International Center for Theoretical Physics (ICTP), Trieste

Water’s peculiar behaviour and its anomalies have fascinated scientists for decades,
posing intriguing questions about the nature of this essential substance.

In particular, over the last decade an increasing body of evidence has emerged, sup-
porting the existence of a metastable liquid-liquid critical point in supercooled water,
whereby two distinct liquid phases of different densities coexist. This talk delves into
our recent research on the liquid-liquid transition in deeply supercooled water, utilizing
cutting-edge deep neural-network (DNN) potentials. We explore the complex inter-
play between density and polarization fluctuations that govern the transitions between
the low-density (LDL) and high-density (HDL) liquid phases. Our findings reveal unex-
pected dynamics in the LDL phase, including spontaneous polarization and collective
reorientational angular jumps of water molecules within the hydrogen-bond network.
These discoveries offer fresh insights into the mechanisms underlying water’s anom-
alies and provide a deeper understanding of its fundamental properties. The talk will
highlight the significance of electronic polarization and its role in shaping the dynamics
of supercooled water, paving the way for future experimental and theoretical investi-
gations in this exciting field.

Cesare Malosso, Natalia Manko, Maria Grazia 1zzo, Stefano Baroni, Ali Hassana-
li: “Evidence of ferroelectric features in low-density supercooled water from ab ini-
tio deep neural-network simulations”, 2024; [http://arxiv.org/abs/2404.08338 arX-
iv:2404.08338].
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Letizia Tavagnacco

CNR Institute for Complex Systems and Department of Physics,
University La Sapienza, Rome, Italy

In the last years, a growing interest in hydrogel and microgel polymer networks has
been developed, favored by the significant advances in chemical and *in silico* syn-
thesis. They can be formed through the cross-linking of hydrophilic polymer chains
within an aqueous micro-environment. Depending on the nature of the constituent
polymer, the mechanism of cross-linking may proceed through the formation of re-
versible/irreversible bonds, leading to the formation of physical/chemical polymer
networks. In this talk | will provide two examples of investigations of chemical and
physical polymer networks using atomistic simulations.

In the first part, | will focus on chemical polymer networks, i.e. microgels based on the
thermo-responsive polymer poly(N-isopropylacrylamide) (PNIPAM), which are usually
investigated for the volume phase transition, a sharp change of the network size be-
cause of a temperature variation, that finds a great variety of applications. | will discuss
the importance of water for a reliable *in silico* description of a polymeric aqueous
solution [1,2]. Then, | will highlight how microgels show very interesting features even
at low temperature. By comparing atomistic molecular dynamics simulations with
neutron scattering experiments, | will provide evidence that PNIPAM microgels can
undergo a dynamical transition akin to that observed in proteins [3,4], in which water
plays a driving role [5].

In the second part, | will focus on an example of physical polymer network made of
gellan, an anionic polysaccharide. Recently it was shown that gellan microgels are
promising materials for paper artworks restoration [6] and thus, understanding the
mechanism of gelation is important to optimize the preparation process. Here, il will
discuss a molecular investigation of the aggregation mechanism of gellan carried out
using atomistic simulations based on a newly developed gellan force field. By ana-
lyzing the solution behavior of a suspension of gellan chains in aqueous solution as a
function of the polymer concentration, | will provide evidence of the occurrence of a
two-step aggregation process [7].

[1] L. Tavagnacco, E. Zaccarelli, E. Chiessi, J. Phys. Chem. B, 2022, 126, 3778-3788.

[2] L. Tavagnacco, E. Chiessi, E. Zaccarelli, Phys. Chem. Chem. Phys., 2021, 23, 5984-5991.
[3] M. Zanatta, L. Tavagnacco, E. Buratti et al., Sci. Adv., 2018, 4, eaat5895.

[4] L. Tavagnacco, E. Chiessi, M. Zanatta et al., J. Phys. Chem. Lett., 2019, 10, 870-876.

[5] L. Tavagnacco, M. Zanatta, E. Buratti et al., Chemical Science, 2024.

[6] B. Di Napoli, S. Franco, L. Severini et al., ACS Appl. Polym. Mater, 2020, 2, 2791-2801.
[7] L. Tavagnacco, E. Chiessi, L. Severini et al., Sci. Adv., 2023, 9, eadg4392.
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Miguel Jorge, André Carvalho, José Gomes, Daniel Gouveia, German Pérez-
Sanchez, Sérgio Santos

University of Strathclyde, United Kingdom

Reflecting recent developments in computer hardware and algorithms, computer
simulations have been increasingly employed, with remarkable success, to study the
phase behaviour and synthesis mechanisms of porous materials. The main challenge,
however, is that such processes involve multiple physical phenomena — self-assembly,
chemical reactions, phase separation, electrostatic interactions, hydrogen bonding -
taking place over a wide range of time and length scales. In particular, the ability to
simultaneously describe mesoscale self-assembly processes and chemical reactions
has remained an elusive goal. Typically, highly coarse-grained (CG) classical models
are required to describe mesophase self-assembly [1], while describing chemical re-
actions usually relies on computationally expensive and/or parameter-rich approaches
such as Quantum Mechanical calculations, kinetic Monte Carlo or reactive force fields
that are restricted to small system sizes and short times [2]. In this work, we bridge
this gap and propose a new molecular modelling paradigm to describe silica polymer-
ization reactions in aqueous solutions at conditions that are representative of realistic
experimental processes like biosilicification or porous silica synthesis - i.e. at close to
ambient temperatures and over a wide range of pH. The key innovation is to describe
the Si-O-Si chemical bond formation and breakage process through a continuous po-
tential with a balance between attractive and repulsive interactions between suitably
placed virtual sites and “sticky” particles — hence the name “Sticky-MARTINI” [3]. The
simplicity of the model, its applicability in standard parallelized molecular dynamics
codes, and its compatibility with the widely used MARTINI coarse-grained force field
[4] allows for the study of systems containing millions of atoms over microsecond time
scales using an explicit solvent formalism. As proof-of-concept, we demonstrate the
suitability of the new model in describing a surfactant micelle encapsulation process.

[1] M. Jorge, et al. Mol. Simul. 44, 435-452 (2018).

[2] S. M. Auerbach, W. Fan, P. A. Monson, Int. Rev. Phys. Chem. 34, 35-70 (2015).
[3] A. Carvalho, et al. npj Comput. Mater. 8, 49 (2022).

[4] S. J. Marrink, et al. J. Phys. Chem. B 111, 7812-7824 (2007).
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Vitalii Bardyk', Maryna Bakumenko', Vladimir Farafonov?, Dmitry Nerukh?

1) Taras Shevchenko National University of Kyiv
2) Karazin Kharkiv National University
3) Aston University

Molecular simulation of biological systems can, at least theoretically, be done at the
appropriate spatial scale, yet achieving relevant temporal scales remains a significant
challenge, even theoretically. A considerable amount of computational resources is
dedicated to simulating the liquids surrounding biomolecules. One cost-effective strat-
egy involves transitioning from an atomistic to a continuum representation of liquids,
particularly in areas far from the biomolecules where atomic details are less critical.
Our hybrid model is designed to facilitate a seamless transition between atomistic Mo-
lecular Dynamics (MD) and coarser Fluctuating Hydrodynamics (HD) within a unified
framework [1]. This model integrates hybrid particles that contain weighted contribu-
tions from both MD and HD phases, enabling simulations across diverse temporal and
spatial scales. In the atomistic limit, each hybrid particle represents a single atom; in
the hydrodynamic limit, it represents a piece of the continuum.

A variety of constraint procedures exist for such couplings, with the variational prin-
ciple approach being particularly favored due to its clear physical justification. In our
model, we apply a constraints to the momentum of hybrid particles to ensure mo-
mentum conservation within the system [2]. We employ Gauss’ principle, which is
renowned for minimizing the magnitude of constraint forces, to derive the equations
of motion. Though less popular than Hamilton’s principle, Gauss’ principle stands out
as a true minimization principle and is applicable to any form of constraint, including
non-holonomic constraints, which are of particular interest for our model.

The GROMACS software was modified to implement our theoreticl approach for liquid
argon and water. The results confirmed that, at the hydrodynamic scale, the stand-
ard deviation of density within our hybrid system matches closely with the theoretical
predictions of pure hydrodynamics, validating our model’s effectiveness in accurately
capturing the dynamics of hybrid systems.

[1] M. Bakumenko, V. Bardik, D. Nerukh. “The multiscale hybrid method with a localized constraint. I. A
modified control volume function for the hybridized mass and momentum equations”. Ukrainian Journal
of Physics V. 68, Ne 8 (2023). doi: https://doi.org/10.15407/ujpe68.8.517]

[2] M. Bakumenko, V. Bardyk, V.Farafonov, and D. Nerukh. “The multiscale hybrid method with a localized
constraint. Il. Hybrid equations of motion based on variational principles”. Ukrainian Journal of Physics
V. 69, Ne 4 (2024).
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Ari Paavo Seitsonen?, Taras Bryk!, Giancarlo Ruocco?

1) Institute for Condensed Matter Physics of National Academy of Sciences of
Ukraine, Lviv

2) Center for Life Nano Science @Sapienza, Istituto Italiano di Tecnologia

3) Département de Chimie, Ecole Normale Supérieure

Sound propagation and its different mechanisms in liquids and solids are of paramount
importance for fundamental many-particle effects in condensed matter, as well as for
technologies based on vibrational properties of crystals and disordered systems. One
of the fundamental quantities in dynamics of the liquid state, the adiabatic speed of
sound G, is difficult to predict from computer simulations, especially in simulations
where the electronic structure is explicitly solved during the simulation, like the density
functional theory-based molecular dynamics (DFTbMD).

Here we derive an expression for the instantaneous correlator of fluctuations of the
longitudinal component of stress tensor, which contains Cs along with others quanti-
ties easy accessible via computer simulations. We demonstrate the applicability and
efficiency of the method using molecular dynamical simulations in the case of Len-
nard-Jones and soft-sphere simple fluids, Kr-Ar liquid mixture in a simulation with ef-
fective pair interactions as well as in liquid Sb, fluid Hg and molten NaCl with DFTbMD
simulations.

Taras Bryk, Giancarlo Ruocco *&* Ari Paavo Seitsonen, *Scientific Reports* **13**, 18042 (2023);
DOI: [10.1038/s41598-023-45338-2][1]
[1]: https://dx.doi.org/10.1038/s41598-023-45338-2
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Francesco Sciortino*

1) Scuola Internazionale Superiore di Studi Avanzati (SISSA), Trieste

2) The Abdus Salam International Center for Theoretical Physics (ICTP), Trieste
3) Universita degli studi di Trieste

4) Sapienza Universita di Roma

The presence of a second critical point in water has been a topic of intense investi-
gation for the last few decades. The molecular origins underlying this phenomenon
are typically rationalized in terms of the competition between local high-density (HD)
and low-density (LD) structures. Their identification often requires designing parame-
ters that are subject to human intervention. Herein, we use unsupervised learning to
discover structures in atomistic simulations of water close to the liquid-liquid critical
point (LLCP). Encoding the information on the environment using local descriptors, we
do not find evidence for two distinct thermodynamic structures. In contrast, when we
deploy *nonlocal* descriptors that probe instead heterogeneities on the nanometer
length scale, this leads to the emergence of LD and HD domains rationalizing the mi-
croscopic origins of the density fluctuations close to criticality.
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Martina Pozar', Bernarda lovrincevic', Aurelien Perera?
1) Faculty of Science, University of Split, Croatia

2) Laboratoire de Physique Théorique de la Matiere Condensée (UMR CNRS 7600),
Sorbonne Université, Paris, France

In contrast to alkanols which show prominent scattering pre-peaks in x-ray and neu-
tron diffusion experiment [1,2], alkylamines do not have such pre-peaks, except for a
weak one for propylamine [3]. Since both liquids are hydrogen bonding liquids, one ex-
pect the formation of clusters, hence scattering pre-peaks. Indeed, molecular dynam-
ics simulation show the existence of such clusters, and more importantly the order
parameters of disordered liquids, which are the atom-atom pair correlation functions
and the associated structure factors, have strong similarities with those in alkanols,
which make the absence of pre-peak even more puzzling. The analysis partial scatter-
ing contributions form the amine head groups and the alkyl tails reveal how the cross
contributions tend to exactly cancel the added contributions of the two former. The
study of the charge ordering between the differently charged groups through the order
parameters, allow to trace back this behaviour to that of the water-like topology of
the amine head group, coupled to the topological constraints posed by the alkyl tail.
This analysis indicates that systems with strong micro-heterogeneity, such as those
encountered in soft matter or biological liquids, may or may not exhibit scattering pre-
peak depending on the nature of the charge order resulting from the topology of the
distribution of the charges and that of the molecules which carry them. Interestingly,
the differences between the force field models are found to be more important than
in alkanols.

[1] Vahvaselka , K. S.; Serimaa, R.; Torkkeli, M. J. Appl. Crystallogr. 28, 189-195 (1995)

[2] Pozar, M.; Bolle, J.; Sternemann, C.; Perera, A. J. Phys. Chem. B 124, 8358-8371 (2020)

[3] Aimasy, L.; Kuklin, A.l.; Pozar, M.; Baptista, A.; Perera, A. Phys. Chem. Chem. Phys., 21, 9317-9325
(2019)
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In hydrogen-bonded liquids, molecules in close proximity align to form hydrogen
bonds which contribute to their short-range order. This configuration creates chains
or clusters of molecules joined by hydrogen bonds over a small spatial range of a few
molecular diameters. This short-range order has a significant effect on the macro-
scopic characteristics of hydrogen-bonded liquids, including conductivity, viscosity,
and various thermodynamic properties[1-3]. Voronoi entropy (SVor) is calculated for
the 2D representation of the molecules[4] or for any seeds or points in a 2D plane[5]
to find the orderliness of those 2D planes from the Voronoi polygons. In general, SVor
is calculated for the 2D planes where the real structure of the molecules is lost. In
this work, SVor is calculated for the 3D Voronoi polyhedrons (VPs) constructed from
the simulated liquids using molecular dynamics simulation. VPs are constructed by
joining points in space with their closest neighbors. Every point in a region is closer
to its center than it is to any other point and it separates space into distinct regions.
VPs are generated using VOROTIS software. Hydrogen-bonded liquids such as wa-
ter, acetone and aniline and their binary mixtures with 8 primary alcohols (R =1 to 8
in R-OH, R - CRH2R+1) are modeled. Each binary mixture is simulated using 1000
molecules by changing their concentrations from ratio 1:9 to 9:1. The orderliness of
these binary mixtures and their pure forms are calculated. The change in orderliness
as the concentration changes and the effect of alkyl chain lengths are studied using
SVor. The SVor calculated shows water molecules have the lowest value and aniline
molecules with the highest value. The lowest values mean more ordered and the high-
est values mean less ordered. The orderliness decreases as the alkyl chain length of
the molecules increases.

[1] Hansen, M. R., Graf, R. & Spiess, H. W. Interplay of Structure and Dynamics in Functional Macromo-
lecular and Supramolecular Systems As Revealed by Magnetic Resonance Spectroscopy. Chem. Rev.
116, 1272-1308 (2016).

[2] Idrissi, A. & Jedlovszky, P. Effect of the alkyl chain and composition on the thermodynamics of mixing
of small alcohols and water. J. Mol. Lig. 338, 116777 (2021).

[3] Chodzinska, A., Zdziennicka, A. & Janczuk, B. Volumetric and Surface Properties of Short Chain Alco-
hols in Aqueous Solution-Air Systems at 293 K. J. Solut. Chem. 41, 2226-2245 (2012).

[4] Shityakov, S., Aglikov, A. S., Skorb, E. V. & Nosonovsky, M. Voronoi Entropy as a Ligand Molecular
Descriptor of Protein-Ligand Interactions. ACS Omega 8, 46190-46196 (2023).

[5] Swathi, P. V. & Madhurima, V. Porous polymer film formation by water droplet templating using poly-
styrene. Eur. Phys. J. E 46, 25 (2023).
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Understanding the complex interplay between hydration and hydrogen bonding in
Protic lonic Liquids (PILs) is crucial for elucidating their physicochemical properties. In
this study, we investigate this complex relationship by examining the high-frequency
range (2800-3800 cm-1) of UV Resonance Raman (UVRR) spectra. Despite significant
overlap between C-H and OH Raman signals, a novel spectral analysis method, sol-
ute-correlated (SC) spectra extraction, enables the separation of bulk and hydration
water contributions.

The SC spectra reveal distinct Raman bands corresponding to CH stretching modes
of the methyl and imidazole groups, alongside OH stretching bands indicative of hy-
dration water. Analysis of SC spectra for various PILs ([MIM][X], where X = NOs", TfO",
HSO,, and CI) demonstrates notable changes in hydrogen bonding configurations,
especially evident in the behavior of [MIM][CI].

Notably, [MIM][CI] shows pronounced sensitivity to concentration changes, suggest-
ing efficient competition between chloride ions and water molecules for hydrogen
bond sites. The observed shift in CH stretching bands with increasing PIL concentra-
tion indicates stronger double-ionic cation-anion hydrogen bonds compared to cati-
on-water bonds.

Moreover, analysis of OH stretching bands in SC spectra reveals the diminishing
strength of water-anion hydrogen bonds in the order: [Cl] ~ [HSO,] > [NOs] > [TfO],
reflecting trends observed in double-ionic cation-anion bonds. The concentration-de-
pendent modulation of water-anion hydrogen bonds suggests a dynamic interaction
between PIL aggregation and hydration.

Further insights into the hydration properties of PILs are gained by estimating hydra-
tion numbers, which show the predominance of solvent-separated ion pairs (SSIPs)
and solvent-shared ion pairs (SSIPs) at lower concentrations. Notably, [MIM][CI] ex-
hibits the highest aggregation tendency, attributed to its unique H-bond acceptor ca-
pabilities and molecular symmetry.

Overall, our findings provide valuable insights into the complex hydrogen bonding
structure and hydration behavior in imidazolium-based PILs, shedding light on their
structural properties and potential applications.

[1] F. Matroodi, C. Bottari, B. Rossi, A. Mannu, M. Paolantoni, A. Mele, J. Mol. Liqg.. 2024 1,395,123881.
[2] L.Cammarata, S.G.Kazarian, P.A Salter, T.Welton, PCCP 3. 2001, 5192-5200.

[3] B.C. Bricknell, T.A. Ford, T.M. Letcher, Spectrochim. Acta Part A: Mol. Biomol. Spectrosc. 1997, 53,
299-315.
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The efficiency of Dye-Sensitized Solar Cells (DSSCs) is determined to a large extent by
the characterization of the photophysics of the dye. Indeed, the properties of the sol-
vent such as hydrogen bond donor or acceptor ability, the polarity, the viscosity, and
the possibility to interact through stacking, strongly influence the processes occurring
in the excited state (non-radiative processes) [1]. As a consequence, the rationaliza-
tion of the effect of the solvent on the photophysics of dyes (in general and dyes used
in solar cells in particular) is a subject of active research [2].

This work aims to clearly understand the photophysics of D205 in the mixture between
1-butanol (BuOH) and acetonitrile (ACN). These solvents help to rationalize the effect
of hydrogen bonds and dipole-dipole interactions on the photophysics of the dye. To
achieve this objective, in this study, techniques such as steady-state spectroscopy
(UV-Vis, fluorescence and Raman), as well as time-resolved spectroscopy (Time-cor-
related Single Photon Counting and femtosecond Transient Absorption), were utilized
to elucidate the photophysical properties of D205 in this mixture.

Hydrogen bonding capacity and polarity, in particular, induced a red shift in the ab-
sorption maxima (from 524 nm to 531 nm) and a blue shift in the fluorescence maxima
(from 650 nm to 633 nm). Furthermore, an increase in the fraction of BUOH also corre-
lated with a decrease in quantum yield, suggesting competition between dipole-dipole
interactions and H-bond formation. Time-resolved spectroscopy consistently showed
an increase in fluorescence lifetimes (TACNfluo = 514 ps and tBuOHfluo = 698ps) and
excited state relaxation times (TACN1 = 282 ps and TBuOH1 = 655 ps) with increasing
BuOH content, a trend also found in the knrad constant, suggesting that non-radiative
pathways dominate the relaxation process. The study’s findings highlight the intricate
interplay between D205-BuOH H-bonding and D205-BuOH dipole-dipole interactions,
elucidating the fluorescence quenching dynamics involved.

[1] N. Maity, P. Piatkowski, K. Polok, F. A. Miannay, and A. Idrissi, “Effect of the Mixture Composition of
BmimBF4-Acetonitrile on the Excited-State Relaxation Dynamics of a Solar-Cell Dye D149: An Ultrafast
Transient Absorption Study,” J. Phys. Chem. C, vol. 125, no. 32, pp. 17841-17852, Aug. 2021, doi:
10.1021/acs.jpcc.1c05008.

[2] Y. Smortsova et al., “Solvatochromic effects on a class of indoline derivatives organic photosensitiz-
ers: About the influence of hydrogen-bond acceptor and donor abilities parameters,” J. Mol. Lig., vol.
245, pp. 76-84, Nov. 2017, doi: 10.1016/J.MOLLIQ.2017.06.052.
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We study the partitioning of ions from a bulk electrolyte into confined geometries such
as slits, pores, and cavities. These geometries have different dimensionalities depend-
ing on in how many dimensions they are confined and in how many dimensions they
are homogeneous. Slits are confined in one dimension (planar symmetry), pores are
confined in two dimensions (cylindrical symmetry), while cavities are confined in all
the three dimensions (spherical symmetry). The walls confining these inhomogeneous
electrolytes can carry surface charges, so electrical double layers are formed inside
these confined systems.

We allow the confined systems to have dielectric constant that is different from the
bulk. That introduces a solvation energy penalty when we bring the confined system
into equilibrium with the bulk. Such an equilibrium may be called Donnan equilibrium
because the electrostatic features of the two systems are different. They can be differ-
ent because of the different dielectric constants, because of the charged confinement
of the inhomogeneous system, or, as in the classical case, because of a semipermea-
ble membrane that selectively do not let some ionic species through. Because of this
electrostatic imbalance, an electrostatic Donnan potential occurs between the two
systems that is needed to assure charge neutrality in the confined system.

We use implicit-solvent electrolyte models (charged hard spheres in a continuum di-
electric) and study them with the Donnan Grand Canonical Monte Carlo (D-GCMC)
method [1] using individual ion insertions/deletions. In this method, the solvation pen-
alty and the Donnan potential are built into the chemical potential. The selectivity of
the confined system and the degree of coion exclusion are basic features of such
confined electrolyte systems that have basic relevance in applications such as en-
ergy storage and energy conversion. We study how these features are influenced by
the basic system parameters such as (1) system geometry (dimensionality), (2) pore
dielectric constant, (3) pore size, (4) surface charge density on the pore wall, and (5)
electrolyte concentration.
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Over the past three decades, the quest for materials with non-linear optical properties
(NLOPs) has been ongoing. Recent advancements have been driven by the potential
applications of these materials in sensors and optoelectronic devices. Quantitative
chemical calculations play a crucial role in unraveling the intricate factors governing
the magnitude and nature of NLOPs, shedding light on environmental and experi-
mental influences. lonic liquids, in particular, have garnered significant attention due
to their easily manipulable physical and chemical attributes, allowing for the creation
of tuneable materials that can either exhibit NLOPs themselves or enhance those of
solutes. Moreover, NLOP-based techniques provide insights into the structural com-
plexities of ionic liquids [1], often characterised by nanoheterogeneous structures and
intricate H-bond networks. Exploring all these possibilities can be boosted by reliable
theoretical predictions of the NLOPs of ionic liquids, providing guidance into ionic lig-
uids with desired properties and the identification of targeted structural motifs.

Investigating ionic liquids poses unique challenges for theoretical chemistry tools. Dy-
namic studies are essential to account for the inherent fluctuations in their structures,
while modelling systems must encompass large-scale configurations, including sev-
eral ion pairs, to accurately capture strong, long-range Coulomb interactions. This
complexity must also be taken into account when estimating theoretically the NLOPs
of a given ionic liquid, and has hardly been considered in the literature [2]. In this
work, we explore the impact of structure fluctuation over time and the inclusion of
multiple ion pairs on the estimation of NLOPs of the butyl-methylimidazolium chloride,
[BMIM][CI]. Specifically, we focus on the first and second hyperpolarizabilities and
the depolarisation ratio, considering various levels of theory. We delineate the criteria
necessary for a robust model system to provide reliable predictions and offer insights
into the behaviour of these properties in response to changes in geometry and model-
ling approaches, both in model system size and theoretical level. Our findings lay the
groundwork for reliable predictions of NLOPs in non-conventional solvents, providing
essential guidance for exploring their diverse applications, ranging from tailored ma-
terial design with desired optical properties to the elucidation of ionic liquid structure.

[1]1 A. Pardon, O. Bonhomme, C. Gaillard, P.F. Brevet, E. Benichou J. Mol. Lig. 2021, 322, 114976
[2] V. Rodriguez, J. Grondin, F. Adamietz, Y. Danten J. Phys. Chem. B 2010, 114, 15057
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The investigation of the organic photosensitizers is one of the keys to increasing the
efficiency of Dye-Sensitized Solar Cells (DSSCs). The pump-probe technique serves
as an excellent tool for examining the electron transfer dynamics of dyes; however, the
spectroscopy data acquired necessitates processing through specialized programs
[1,2].

This work aims to optimize the program code, increasing its readability and testing
the efficiency of data processing on well-known objects. The result of this work is a
Python-based toolbox designed for this purpose. Our developed program features
several key enhancements and additions compared to existing packages. Firstly, it
includes advanced global analysis of time-resolved spectroscopic data, along with the
capability to perform group velocity dispersion (GVD) correction. The graphical user
interface is provided to ease the learning curve for global fitting.

Featuring a user-friendly graphical interface, the toolbox streamlines the application
of various reaction models to the data, enabling the generation of coupled differential
equations. It allows the analysis of any time-dependent dataset to extract time-inde-
pendent correlations of observables using GVD-modified Gaussian and exponential
functions. Additionally, the toolbox boasts specific functionalities, such as removing
the pump-probe signal without harming the sample signal, removing bad single spec-
tra, and taking into account Raman signals. The advantages and effectiveness of this
software are demonstrated through the processing of transient absorption data of well-
known indoline dye D205 in various solvents, including acetonitrile (ACN), dimethyl
sulfoxide (DMSO), methanol (MeOH), and 1-butyl-3-methylimidazolium tetrafluorob-
orate (BmimBF4). The longest-time components tau1 (taul (DMSO) = 419.2 ps, taul
(ACN) = 340.5 ps, taul (MeOH) = 124.4 ps, tau1l (BmimBF4) = 988.9 ps) correspond
to the relaxation of the excited state to the ground state and correlate well with the
literature values.

[1] van Wilderen L.J.G.W., Lincoln C.N., van Thor J.J. Modelling Multi-Pulse Population Dynamics from
Ultrafast Spectroscopy, PLoS ONE, 6(3), 2011, e17373. https://doi.org/10.1371/journal.pone.0017373
[2] Beckwith J. S., Rumble C. A., Vauthey E. Data analysis in transient electronic spectroscopy - an
experimentalist’s view. International Reviews in Physical Chemistry, 39(2), 2020, 135-216. https://doi.or
9/10.1080/0144235X.2020.1757942
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The volume, energy, entropy, and Helmholtz free energy of mixing of models of ace-
tontrile with water is investigated by extensive computer simulations and thermody-
namic integration. To check the force field dependence of the results, all calculations
are repeated with two commonly used water models, namely SPC/E and TIP4P. The
combination of the OPLS_UA model of ACN and the SPC/E, TIP/4P water models
results in positive values indicating the demixing of the mixture. Whereas, the other
combinations gives negative values free energy of mixture throughout the composition
range, indicating that the mixture is thermodynamically more stable than the two sep-
arate pure liquids in the entire composition. Of note is that the calculated values are in
the range of RT indicating that the driving for mixing or demixing is weak. The D values
are always greater than 0 over in the entire composition range, indicating full miscibility
of the ACN mixture with water for these combinations.
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Terahertz spectroscopy of thick and diluted water
solutions
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When measuring the absorption of electromagnetic radiation by a sample in transmis-
sion geometry, the optimal material thickness is often on the order of one penetration
depth, i.e., the thickness of the sample should be comparable to the inverse of its
absorption coefficient over the probed frequency range. However, when measuring
refraction properties, the amount of temporal delay accumulated by the transmitted
field is proportional to the thickness of the sample: the thicker the sample, the larger
the acquired phase. These different optimal thicknesses constrain the simultaneous
detection of refractive and absorptive properties.

This work focuses on one important substance in particular: liquid water and some
of its diluted salt solutions. Water absorbs strongly at terahertz (THz) frequencies via
the inter-molecular modes of hydrogen-bonded water molecules. For example, Figure
1 of Ref.[1] shows cartoons of the different modes of liquid water in the THz range.
Below 1 THz, the dielectric response is dominated by the Debye-like reorientation of
the collective dipole of H-bonded water molecules. Intermolecular translations or “net-
work stretching” modes are centered at ca. 6 THz, while librational modes are found
between ~10 THz and ~30 THz. The absorption coefficient of water roughly increases
with THz frequency and reaches several thousand inverse centimeters, corresponding
to penetration depths of a few microns.

The dissolution of salts affects the dielectric function of liquid water and makes the mi-
croscopic understanding of the underlying molecular dynamics more difficult. Typical
time-domain spectroscopy (THz-TDS) on liquid water is performed in transmission for
samples as thick as ~100 microns. We demonstrated before[2] that intense THz-TDS
can probe 5x thicker samples, ~500 microns colloidal aqueous solutions of gold na-
noparticles. This idea was recently extended to the study of the dielectric function of
dilute aqueous solutions and demonstrated for a typical salt, Sodium Chloride. While
most previous reports of successful THz-TDS measurements on NaCl solutions are
at concentrations of about one Molar (1 M), in ref.[3] it was shown that it is possible
to quantify the tiny change in the index of refraction of a water-based sample upon
dissolving a hundred times less solute (10 mM).

References
[1] F. Novelli, B. Guchhait, M. Havenith, **Towards Intense THz Spectroscopy on Water: Characterization
of Optical Rectification by GaP, OH1, and DSTMS at OPA Wavelengths** *Materials* 13, 1311, 2020.

[2] F. Novelli, J. W. M. Chon, J. A. Davis, **Terahertz thermometry of gold nanospheres in water** *Optics
Letters* 41, 5801, 2016.

[3] F. Novelli* **Terahertz spectroscopy of thick and diluted aqueous solutions** *Optics Express* 32,
11041, 2024

81




EMLG-JMLG Annual Meeting 2024 | Trieste, 8-13 September 2024

Pre-resonance effects in deep UV Raman spectra of
normal and deuterated water

Barbara Rossi', Matteo Tommasini?, Paolo Ossi®, Marco Paolantoni*

1) Elettra Sincrotrone Trieste

2) Dipartimento di Chimica, Materiali e Ingegneria Chimica “Giulio Natta”, Politecnico
di Milano

3) Dipartimento di Chimica, Biologia, Farmacia, Scienze Ambientali, Universita degli
Studi di Messina

4) Dipartimento di Chimica, Biologia e Biotecnologie, Universita degli Studi di Perugia

Raman spectroscopy has a longstanding tradition in investigating the structure of wa-
ter by observing changes in vibrational behavior, typically by focusing the attention on
the OH or OD stretching band of Raman spectra. Indeed, this broad signal, observed
in the high frequency range of Raman spectra of water, is particularly sensitive to
the effect of various physical and chemical stimuli, such as temperature, pressure,
isotopic composition, and added species in solution. In this work, we have investi-
gated the shape of the OH/OD stretching Raman band of water as a function of the
excitation wavelength in the deep UV region, i.e. between 200 and 266 nm. While the
integrated Raman intensity of the OH stretching band is known to undergo a signifi-
cant enhancement for excitations below 300 nm, not much attention was paid to the
evolution of the band shape. Our Raman spectra collected using different excitation
wavelengths display distinct changes in the Raman profile of the OH stretching band
moving from visible excitation wavelength (532 nm) to deep UV (200 nm). By analyzing
the spectral profiles, we highlighted selective pre-resonance effects in the high wav-
enumber component of the OH/OD stretching band, associated to water molecules
with distorted hydrogen bonds (weakly H-bonded water; high-density liquid, HDL in
the literature) relative to that of water molecules with strong hydrogen bonds (strongly
H-bonded water; low-density liquid, LDL in the literature) [1]. A van’t Hoff treatment of
the temperature-dependent Raman spectra provides an estimate of the thermal ener-
gy associated to the change from ordered (ice-like) to disordered configurations that
agrees with values obtained by related methods based on a two-state model of water
[2]. Overall, these findings suggest the possibility of exploiting the signal enhancement
that occurs in the deep UV region to investigate H-bonding properties in aqueous
media. Since the enhancement is related to the H-bonding state of water molecules,
in principle, the Raman signal arising from water molecules specifically affected by the
solute could be selectively enhanced by using deep UV excitation.

References

[1] Maggiore E, Tortora M, Rossi B, Tommasini M, Ossi PM. Physical Chemistry Chemical Physics. 2022,
24(17):10499-505.

[2] Rossi B., Tommasini M., Ossi P.M., Paolantoni M., Physical Chemistry Chemical Physics. 2024, ttps://
doi.org/10.1039/D4CP01320D
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Calcium versus potassium selectivity in a nanopore:
enhancing charge inversion by localized charged
groups and decreased dielectric constant
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The Anomalous Mole Fraction Effect (AMFE) in negatively charged pores is a signature
of the selectivity of Ca?* over monovalent cations (K*). Increasing the mole fraction
of Ca?* in the KCI/CaCl, mixture, the total conductance first declines as Ca?* ions
replace K* ions inside the pore. Then it increases as Ca?** becomes the main charge
carrier with increasing bulk Ca?* concentration. While the AMFE was first pointed out
in calcium selective ion channels [1], it was shown that it is also present in synthetic
nanopores [2]. Here we use the Local Equilibrium Monte Carlo method coupled to the
Nernst-Planck transport equation [3] to study a simple model of a finite nanopore in a
membrane with ions being explicitly modeled as charged hard spheres and water as
an implicit continuum. At the negatively charged pore wall, charge inversion occurs
that has a considerable effect on the bahavior of ions in the pore. We showed that
charge iversion is enhanced if we localize the pore charges instead of smearing them
as a continuous surface charge [4]. This model is in agreement with the fact that the
pore charge is present in localized COO- groups on the wall of a PET nanopore. In
effect, Ca?* ions overcharge the pore wall at which the K* ions have a disadvantage in
the K* vs. Ca?* competition because the overcharged pore wall does not attract them
so strongly. Here, we examine various models of the charged groups on the wall. Also,
we apply the Donnan Grand Canonical Monte Carlo method [5] to study the effect of
decreasing the dielectric constant in the pore.

References

[1] Almers et al. J. Physiol. 353, 565, 1984.

[2] Gillespie et al. Biophys. J. 95, 609, 2008.

[3] Boda, Gillespie. J. Chem. Theory Comp. 8, 824, 2012.
[4] Fabian et al. J. Mol. Liq. 368, 120715, 2022.

[5] Boda, Gillespie, J. Mol. Lig. 391, 123372, 2023.
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The solvation properties of sugars dissolved in water have already been already exten-
sively studied and documented, [1] due to their relevance in a wide range of applica-
tions, particularly those involving living organisms. Sugars serve not only as a source
of energy and carbon, [2] but are also involved in the regulation of metabolic pathways.
[3] Additionally, specific sugar molecules have shown bioprotective properties, [4,5,6]
which enable them to prevent the inactivation and denaturation of macromolecules in
specific microorganisms. This protective function is achieved by inducing a “quies-
cent” state in these species when exposed to adverse external conditions or stress. [7]
To better comprehend these phenomena, it is necessary to clarify the interplay be-
tween the water and sugar molecules in solutions. The literature presents contradicto-
ry opinions regarding the effect of sugars on the bonding network of water. In particu-
lar, two questions need to be answered: 1) has the sugar a strengthening or weakening
effect on the H-bond network compared to pure water [8] and 2) do different sugars
manifest distinct solvation effects? [9]

To address these questions, an experimental approach based on infrared (IR) spec-
troscopy was employed to investigate the structural properties of aqueous solutions
of glucose and trehalose, which represent a mono- and a disaccharide, respectively.
The behavior of the O-H stretching and H-O-H bending features was observed as a
function of the sugar content. Higher sugar concentrations in solution corresponded
to an increased average strength of the H-bonds. Additionally, the results suggest that
the solvation properties of glucose and trehalose are remarkably similar, despite their
structural differences.
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Cellulose is expected to be utilized for a wide range of applications in human health
and environmentally friendly products [1]. The first step in converting cellulose into
products is to dissolve cellulose into solvent, such as lonic Liquids (ILs). Generally,
the dissolution is achieved through high temperatures, which incurs a high energy
cost and degradation of cellulose. On the other hand, pressure application has a lot of
advantages; for example, it does not destroy covalent bonds, requires relatively low
energy, and sometimes can enhance the solubility. Therefore, it is important to exam-
ine the effect of pressure on the solubility of cellulose into IL; however, it is difficult to
investigate it experimentally. Therefore, we investigated the high-pressure effects on
cellulose dissolution behavior (cellulose dissolution rate and cellulose solubility) in IL
using Molecular Dynamics (MD) simulation.

All-atom MD simulations were performed using Gromacs 5.0.7. The solvent system
consisted of 1-Butyl-3-methylimidazolium acetate ((BMIm][OAc]) and the co-solvent
dimethyl sulfoxide (DMSO).

Cellulose dissolution rate. The system consisted of cellulose crystals (IB, 36 chains,
DP 8) surrounded by 1390 IL and 1212 DMSO. The dissolution process was simulated
under NPT ensemble for 500 ns at 500 K and various pressures (0.1-1000 MPa).
Cellulose solubility. A single cellulose chain (DP 8) was simulated under NVT ensemble
for 20 ns. The solvent (300 IL, 500 DMSO) and the solution (1 chain, 300 IL, 500 DMSO)
were simulated under NPT ensemble for 50 ns, and 200 ns, respectively at 400 K and
various pressures (0.1-1000 MPa). Finally, the solvation free energies were calculated
using Energy Representation Module.

Cellulose dissolution rate under high pressure. Cellulose dissolution under various
pressure (0.1-1000 MPa) were simulated. The results indicate that the dissolution rate
decreases exponentially with increasing pressure. Examination of the self-diffusion co-
efficients of the solvent molecules revealed a decrease exponentially with increasing
pressure. It is suggested that the reduced translational motion of solvent molecules
contributes to the decrease in the dissolution rate of the cellulose crystal. Additionally,
the strengthening of inter-chain interactions of cellulose due to increased pressure
could be another contributing factor.

Cellulose solubility under high pressure. The decrease of solvation free energy is
known to increase the solubility, and the solvation free energy and the natural log-
arithm of the solubility are proportional. The result shows the solvation free energy
decreased almost linearly with increasing pressure, from -189 kcal/mol under atmos-
pheric pressure to -215 kcal/mol at 1000 MPa. This suggests that the solubility of
cellulose in IL increases with increasing pressure exponentially.

[1] Li J, Mooney DJ. Nat. Rev. Mater, 1, 16071 (2016)
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A Study on Analytical Expression of Solvent Free
Energy Considering Structural Fluctuations of Solute
in Integral Equation Theory
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Solvation effect plays important roles in chemical reactions and protein functions. Inte-
gral equation theory for molecular liquids is a powerful method for efficiently calculat-
ing the magnitude of solvation effects because it provides analytical formulae for sol-
vation free energy. However, in the conventional integral equation theory, the structure
of solute is fixed at a specific configuration, which could be problematic, especially
for large solutes. For example, proteins in physiological environment are constantly
fluctuating due to thermal motion. Molecular dynamics simulation is a straightforward
and most widely used method for calculating solvation considering structural fluctua-
tions of solutes. However, molecular dynamics simulation often suffers from statistical
sampling of large systems. Therefore, a new calculation tool to calculate solvation
effect considering structural fluctuations is desirable and such calculation methods
have been developed. For example, Yokogawa et al. extended integral equation to
efficiently calculate intramolecular conformational distribution [1], and it was extended
to treat binary solute-solvent system by Matsumura and Sato [2]. In this study, we
directly derived an analytical formula for the solvation free energy that incorporates
the structural fluctuation of solute into the integral equation theory. The analytical for-
mula was obtained by combining the reference interaction site model (RISM) equation
where the intramolecular correlation function of solute sites is treated as a Gaussian
chain, and the charging formula for excess chemical potential [3]. Since the obtained
analytical formula is composed of convolution integrals used in the conventional inte-
gral equation theory, it can be efficiently calculated using the fast Fourier transform at
almost the same cost as the conventional method. This analytical formula enables the
integration equation theory to consider the effects of structural fluctuations of solutes.
Numerical calculation results for simple molecules will be reported in the presentation.
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Separation of enantiomers is a physicochemical problem of fundamental and practical
interest for example in pharmaceutical industry because a drug is often a particular
enantiomer of a chiral molecule. Separation or selective synthesis of enantiomers can
be achieved using a chiral substrate but this technique is system-dependent because
a universal chiral matrix does not exist. Enantiomeric separation can be also obtained
by shear flow or local vorticity (1-3) or by rotating electric field. This last approach had
been theoretically proposed long time ago (4) and experimentally applied only dec-
ades later (5). In this work, we present results of molecular dynamics (MD) simulations
of racemic chiral liquids under rotating electric field aiming to detect the enantiomeric
separation. Two molecular models have been tested: a realistic model of bromochlor-
ofluoromethane and a fictional model composed of a chain of four atoms bearing a
dipole. For this second system, the flow of R and S enantiomers in opposite directions
has been clearly observed and analyzed as a function of the rotational velocity of the
electric field.
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Exploring Proton Dynamics in Confinement:
A Study of Photoacids in Reverse Micelles

Sulejman Skoko, Ana Vila Verde
University of Duisburg-Essen

Confined water is known to have a different hydrogen bond network structure than
water in the bulk. Given that proton transfer proceeds through the hydrogen bond
network, known proton transfer mechanisms for water in the bulk cannot be assumed
to hold under confinement.[1,2] We use a combination of molecular dynamics sim-
ulations using classical, atomistic force fields, as well as using quantum mechan-
ics-molecular dynamics (QM/MM) ensemble simulations to investigate proton transfer
in confinement, using as model system a single photoacid molecule (HPTS) confined
within a reverse micelle (RM). The RM is formed by the negatively charged surfactant
AOT in water and oil. The MD simulations revealed that HPTS, which has net charge
-3e, does not preferentially stay at the center of the micelle as naively expected. Rath-
er, the photoacidic OH group often forms strong hydrogen bond with surfactant sul-
fonate groups, which anchor it to the RM surfactant-water interface. Only in 1/3 of the
observed configurations does the photoacidic OH group hydrogen bond to water,
while still remaining near that interface. Several snapshots demonstrating this interac-
tion - favorable for deprotonation - were selected for further analysis using quantum
mechanics-molecular dynamics (QM/MM) ensemble simulations of the excited state,
to model the initial stages of proton transfer following photoacid excitation. Additional
ground state QM/MM simulations revealed that, after deprotonation, the proton re-
mains at the RM interface and associates transiently with the sulfonate headgroups of
AQT, after which reprotonates water molecules. In MD simulations of RMs containing
a deprotonated HPTS + hydronium simulated at the classical level we also observe
the hydronium ion remains at the surfactant-water interface, whereas the photoacid
rapidly moves towards the center of the RM. These simulations thus suggest that
proton recombination will be affected by confinement in a manner not easily predict-
able, because of the competition between the proton affinity by the surfactant-water
interface and the movement of photoacid away from that interface (which disfavor
protonation relative to what happens in an unconfined solvent) and the confined nature
of the system, which limits the distance between HPTS and proton (and thus favors
protonation). This study not only advances our understanding of proton dynamics in
confined environments but also underscores the significant implications for both bio-
logical functions and technological applications where such dynamics play a critical
role.

[1] Levinger, N. E., & Swafford, L. A. (2009). Ultrafast dynamics in reverse micelles. Annual review of
physical chemistry, 60, 385-406.

[2] Thompson, W. H. (2011). Solvation dynamics and proton transfer in nanoconfined liquids. Annual
Review of Physical Chemistry, 62, 599-619.
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The structure and dynamics of the surface of four imidazolium-based room temper-
ature ionic liquids are investigated by intrinsic surface analysis methods at both the
molecular and atomic levels. This combination has provided us with unprecedented
details of the surface of the ionic liquids considered, and enabled us to understand the
spatial arrangement of the particles at these surfaces.

We see no evidence to support the electric double layer-like scenario at the liquid
surface, nor for their self-association at the surface of the liquid (i.e., the ‘chessboard’
scenario). Although we have seen a large excess of cations in the surface layer and an
excess of anions in the subsequent one when looking at the surface in the resolution
of entire ions, the liquid surface has been shown to carry, in fact, a small negative
surface charge. This seeming contradiction is resolved considering that the surface is
dominated by the uncharged alkyl chains and those largely obscure the cation groups
to which they are bound, while the smaller and more mobile anions can more easily
access the free surface in a larger extent than the positively charged groups of the
cations, giving thus rise to the observed excess negative surface charge.

The single particle dynamics at the liquid surface has been found to be, in general, two
to three orders of magnitude slower than that in conventional molecular liquids due to
the much stronger inter-particle interactions acting here. In particular, lateral diffusion
is found to be a generally slower process than the exchange of the ions between the
subsequent subsurface layers. Consequently, ions are unable to engage in significant
lateral diffusion during their residence in a given subsurface layer. The only exception
to this is the case of the bmim* cations in the first layer at the liquid surface, due to
their approximately one order of magnitude longer residence times.
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The relative out-of-plane dielectric constant of nanoconfined water was shown to be
as low as 2.1 for thicknesses below 1 nm by Fumagalli et al. (Science, 2018). This
study motivated numerous theoretical investigations aiming to explain this surprising
behavior. It is unexpected because such a low measured value is even lower than the
high-frequency dielectric constant of ice.

In this work, we demonstrate that both experimental and theoretical studies suffer
from intrinsic arbitrariness due to the ill-defined concept of a macroscopic dielectric
constant in a microscopic 2D limit. We propose that the two-dimensional transverse
polarizability is the natural choice to characterize the response of a nanoconfined di-
electric in a capacitor. This polarizability can also be connected to the actual experi-
mental measurements of differential capacitance, providing a clear method for com-
paring both experimental and theoretical results. This approach eliminates the need for
intermediate arbitrary choices required for the computation of the dielectric constant.
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Systems of two- and three-dimensional hard anisotropic particles are serving as typ-
ical examples of entropy driven phase transitions. The behaviour of these systems is
even more interesting under strong confinement. Even new structures emerge with the
positional restriction such as the hexatic, tetratic and helical arrangements. Moreover,
disordered structures can emerge, and the question of jamming and glassy behaviour
is in focus, too. Therefore there is a growing experimental and theoretical interest
to study and understand the ordering behaviour of anisotropic hard particles under
strong confinement. This is also due to the progress made in the experimental reali-
zation of such nanoconfined systems where almost two- and even one-dimensional
restrictions can be achieved. This can be done with confining the particles between
two parallel plates and with absorption of the particles into tubular nanopores.

To understand the nature of ordering in confinement, simple models must be intro-
duced, which can be studied with theoretical methods exactly. We studied the sys-
tems of hard disks, squares, rectangles and also mixtures of these particles confined
into a two-dimensional channel, furthermore spheres and cylinders confined into a
narrow hard cylindrical pore. We study the cases when the pore is very narrow, only
nearest and next-nearest neighbour interactions are allowed between the particles. In
spite of these restrictions, in some studied cases the particles can pass each other,
therefore the systems are definitely different from the strictly one dimensional ones.
Our aim is to demonstrate the capability of the transfer operator theory in the highly
confined regime. Exact density profiles, equations of state and correlation functions
can be derived even for mixtures and even for such cases when the particles can form
two parallel layers in the channel.

Using the exact theory we can prove that genuine phase transition is ruled out in every
studied case. However, interesting structural transitions take place with increasing
density, such as orientational and [1,2] positional [3] ordering, and layer formation.
The transition between these structures is smooth without any non-analytic behaviour
in the thermodynamic quantities, however, the structural change can be happen very
suddenly accompanied by a sharp and high compressibility and heat capacity peaks.
Even critical behaviour can be observed at the infinitely large pressure limit.
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5-hydroxymethylfurfural (HMF) is an aromatic furan derivative that can be synthesized
in a sustainable way, starting from different kind of raw biomasses. It is highly versa-
tile, serving as a precursor for biofuels, biopolymers, and various solvents. During its
synthesis, separating it from an aqueous phase is essential. Deep Eutectic Solvents
(DES) emerge as promising green solvents for sustainable extractions in this context.
Here we present results concerning the microscopic structural arrangement of liquid
HMF, obtained through the synergy of classical Molecular Dynamics (MD) simulation
and Wide-Angle X-ray Scattering (WAXS) experiments.

Moreover the solubility of HMF in diverse DES is reported, aiming at extracting ther-
modynamic parameters for such a process.

We also show results from computational description of HMF solvation structural fea-
tures in selected promising DES.

The role of pi-pi stacking and hydrogen bonding interactions in driving these corre-
lations is highlighted and some indication for optimization of HMF solvation are pre-
sented.

This work is supported in the framework of Project SEED4GREEN 20223W4RT9_PE5_
PRIN2022.
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Effect of temperature and hydrostatic pressure on
physicochemical properties during preparation

of cellulose hydrogels using ionic liquid/dimethyl
sulfoxide solution
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Cellulose hydrogels (CHGs) are gels that form a three-dimensional network structure
with a cellulose backbone and contain large amounts of water in the gaps. There-
fore, CHGs are expected to be applied to a wide range of human body and environ-
ment-friendly products such as wound dressings[1], contact lenses[2], and plastic sub-
stitute materials[3]. Therefore, a wide range of physicochemical properties CHGs are
required depending on the type of application. It is known that the gel properties can
be controlled by changing the preparation conditions such as temperature, pressure,
solvent composition, and so on.

In this study, the effects of CHGs preparation conditions on gel properties (shrinkage
rate, water content, mechanical strength, and crystallinity) were examined when the ge-
lation temperature (5-60 °C) and hydrostatic pressure (0.1-250 MPa) were varied two-di-
mensionally.

First, a cellulose solution was prepared by adding cellulose (the weight ratio between
the cellulose and 60 wt% [BMIm][OAc]/ DMSO was 1:10). Next, the cellulose solution
was poured in a mold, placed in water for water displacement to prepare CHGs. During
the water displacement, temperature (5-60 °C) and hydrostatic pressure (0.1-250 MPa)
were varied two-dimensionally in a systematic manner. Finally, the shrinkage rate, water
content, mechanical strength (compressive modulus), and crystallinity of the prepared
CHGs were evaluated.

Temperature dependence of gel properties: Both compressive modulus and crystallinity
decreased with increasing temperature and showed a two-state transition correspond-
ing to the gelation temperature increase regardless of the hydrostatic pressure (0.1, 100,
250 MPa) during gelation. The strong correlation between the compressive modulus and
crystallinity suggests that the crystalline state of the cellulose backbone, which forms
the three-dimensional network structure, strongly affected the elastic modulus.
Hydrostatic pressure dependence of gel properties: The compressive modulus in-
creased with increasing hydrostatic pressure at fixed temperatures of 5 °C and 35 °C,
however at 60 °C, it either did not change or showed a slight increase with the increase
of hydrostatic pressure. The crystallinity did not vary or tended to increase slightly with
increasing hydrostatic pressure, regardless of the gelation temperature. Since no corre-
lation between the compressive modulus and crystallinity was observed, the possible
reason for the change in compressive modulus corresponding to the hydrostatic pres-
sure is that thickness and microstructure of the cellulose backbone, were changed due
to the hydrostatic pressure and influenced the compressive modulus. Therefore, in the
future, we plan to observe the microstructure of the gels using scanning electron micros-
copy and other techniques.
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CO2 sensors are used in various fields. Compared with the conventional CO2 sensor such
as the non-dispersive infrared CO2 sensor, optical fiber sensors have advantages such as
no electrical contacts at the sensing part. The hetero-core structured optical fiber, which
can be applied as the promising optical fiber sensor, is fabricated by inserting optical
fibers with different core diameters and fusing them [1]. By coating a thin film of a noble
metal such as Au around the cladding of the hetero-core part, a hetero-core optical fiber
SPR sensor can be easily fabricated, and it also shows high sensitivity to changes in the
refractive index. The measurement principle of the sensor is based on the phenomenon
that the attenuation peak of the reflected light by SPR shifts by the change in the refractive
index of the surrounding environment [2]. Whilst it is known that some ionic liquids (ILs)
and polymers selectively absorb CO2. Therefore, if the mixed film of CO2 absorbing IL and
polymer is coated on a hetero-core optical fiber SPR sensor, it could work as an optical
fiber SPR CO2 sensor.

The purpose of this study is to evaluate the response characteristics of the fabricated
CO2 sensor by coating two kinds of mixed IL-polymer film on the hetero-core optical fiber
SPR sensor using one IL and two different polymers. The polymer used in this study were,
polyethersulfone (PES) and poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP),
both of which have CO2 adsorption characteristics. As an IL, 1-ethyl-3-methylimidazolium
tetrafluoroborate was used. We experimentally evaluated the performance of the fabricat-
ed sensors with two kinds of mixed films of IL-PES and IL-PVDF-HFP.

Hetero-core fiber optic sensors consist of two different fibers of multi-mode transmission
fiber with 50 pm core diameter and inserted single-mode fiber segment with 3 pm core
diameter. It was coated with a gold film. For the preparation of IL solution, IL was mixed
with each polymer and dimethylacetamide in a certain proportion. The prepared IL solution
was dip-coated onto the sensor part. The sensor was then dried in a dryer.

The sensitivity, response time for fabricated hetero-core fiber optic CO2 sensor were eval-
uated using an LED light source of 650 nm and optical power meter under alternating dry
CO2/Air flow. We experimentally obtained the sensitivity, response, times of -0.022 and
0.466 dB, 36 and 3 min for the sensors using PES and PVDF-HFP, respectively. The sensi-
tivity of the CO2 sensor with PVDF-HFP was 21 times higher than that of the CO2 sensor
with PES. The response time was also much shorter for the sensor with PVDF-HFP than
that for the sensor with PES.

We have successfully demonstrated that the IL-PVDF-HFP mixed film sensor has superior
performance in both sensitivity and responsiveness as compared to the IL-PES mixed film
Sensor.
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Molecular simulations of alkali metal halide using
phase-transferable models: crystalline hydrates

Pavlina Mimrovd, Jan Dockal, Filip Moucka
J. E. Purkyne University in Usti nad Labem, Czech Republic

In addition to hydrogen bonds in solutions, similar bonds also occur in solid materials,
specifically ice and crystalline hydrates, which contain water molecules together with
electrolyte ions in their structure, e.g. NaCl-2H,0, LiCI-5H,0, Lil-3H,0, or KF-4H,0.
Molecular modeling of these systems and phenomena requires sufficiently accurate
models. In our research group, we develop phase-transferable polarizable models that
can accurately predict the properties of solutions and anhydrous crystals [1].

This study systematically investigates the ability of these force fields to describe the
behavior of all experimentally known alkali halide hydrates [2], focusing on the stability
and parameters of their crystal lattices compared to other models. We demonstrate
that other force fields often struggle to accurately model hydrates containing Li+ cat-
ions, while our polarizable force fields show promising results in modeling most hy-
drates, except LiCl-H.O. Moreover, we refine our force fields to successfully model
LiCI-H-O and elucidate the positions of Li* cations in the beta phases of LiBr-H.O and
Lil-H.O. Our study also presents a novel simulation methodology suitable for com-
plex polarizable models and nonorthorhombic crystal lattices, based on simulations
of finite crystals in vacuum. Furthermore, our models hold the potential to predict the
behavior of hyperhydrates [3] that are found on the icy moons like Europa or Titan.
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We present theoretical results for physico-chemical properties of system of molecules
modeling bi-specific antibodies, such as, dual-variable-domain monoclonal antibod-
ies (DVD-Ig) and Fabs-In-Tandem Immunoglobulin (FIT-Ig) [1]. These molecules are
representatives of the engineered proteins that combine the function and specificity of
two monoclonal antibodies. Individual molecules are here depicted as an assembly of
nine (or in case of the Fit-lg eleven) hard spheres, organized to resemble the Y-shaped
object. The effects of the increased size, asymmetry, and flexibility of individual mol-
ecules on measurable properties of such systems of molecules are investigated. We
examined the liquid-liquid phase separation, the second virial coefficient , and viscosi-
ty under various experimental conditions. The calculations are compared with the data
for regular monoclonal antibodies and discussed in view of the experimental results for
DVD-Ig solutions available in literature.
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In a recent study we presented deuteron quadrupole coupling constants (DQCC) for
hydroxyl-functionalized ionic liquids (ILs) [1] and showed that the unusual hydrogen
bonds between two cations (c-c) are present alongside the regular Coulomb-en-
hanced hydrogen bonds between cation and anion (c-a). With cooling, the (c-c) hydro-
gen bonds persist, resulting in supercooling and glass formation.

Here, we extended our investigations to carboxyl-functionalized ILs in the crystalline
or glassy states consisting of two types of hydrogen bonding: A doubly hydrogen
bonded cyclic cationic dimer (c=c), that resembles the archetype H-bond motif known
for carboxylic acids in the gaseous phase [2] and a linear (c-c-a) cluster species, with
a remaining single cationic hydrogen bond and an additional hydrogen bond between
cation and anion at higher temperatures. We measure these sensitive probes of hydro-
gen bonding by means of solid-state NMR spectroscopy. The DQCCs of (c=c) cationic
hydrogen bonds and (c-c-a) cluster species are compared to those of salt bridges in
supramolecular complexes and those present in molecular liquids. At low tempera-
ture, the (c=c) cationic species successfully compete with the (c-c-a) ion pairs and
dominate the cluster populations. We show that cationic cluster formation prevents
these ILs from freezing.
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Molecular dynamics study of the effect of a strong
electric field on an oligo(oxyethylene) chain in
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The polymer materials subjected to an electric field display microscopic changes in
structure, which is of interest for wide range of applications including the electrospin-
ning technology [1]. In this contribution, we study the structural properties of oligo(ox-
yethylene) of different chain lengths in water and methanol under an external electric
field using extensive molecular dynamics simulations. We analyze the size and anisot-
ropy of shape of oligomer chain by end-to-end distance, radius of gyration, and quan-
tities derived from the gyration tensor. We calculate the distributions of dihedral angles
and cosine of the angles of the monomer units and the dipole moments of the chain
and solvents relative to the electric field direction. In order to quantify the helicity of
the chain, we count the monomer units predefined helical patterns. Our results show
that the originally isotropic chain in both solvents becomes an increasingly anisotropic
and adopts oblate shape with increasing field intensity, but in water this feature is
diminished with increasing chain length. The population of the gauche conformation
increases significantly with increasing field intensity. In methanol, the monomer units
of the chain orient perpendicular to the field whereas, in water, we observe a shift to
smaller angles. The dipole moments of the chain and solvents increasingly point in
field direction.
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Contamination of soils and aquatic environments with heavy metal ions poses a sig-
nificant risk to human health due to their extreme toxicity even at low concentrations
[1]. Ethylenediaminetetraacetic acid (EDTA) is a chelating agent that efficiently binds to
heavy metal ions, forming stable complexes. Consequently, various EDTA-based ad-
sorbents are employed for water purification and medical treatment [2]. In this study,
we gain insigh into the mechanisms and conditions that lead to the stable complex
formation of EDTA with heavy metal ions such as Hg, Pb, Zn, and Cd in water. We ap-
ply classical molecular dynamics simulations and quantum density functional theory
to determine the detailed structure of the ion-EDTA complexes formed at different lev-
els of EDTA deprotonation, which depends on pH of aqueous environment. Addition-
ally, we examine the role of hydrogen bonds between EDTA and water molecules and
estimate the adsorption energy of the considered ions captured by EDTA molecule.

References

[1] Monisha Jaishankar, Tenzin Tseten, Naresh Anbalagan, Blessy B. Mathew, and Krishnamurthy
N. Beeregowda. “Toxicity, mechanism and health effects of some heavy metals.” Interdisciplinary
toxicology vol. 7,2 (2014): 60-72.

[2] Zhang, Kai, Zhengwei Dai, Wanglong Zhang, Qiang Gao, Yu Dai, Fan Xia, and Xiaojin Zhang.
“EDTA-based adsorbents for the removal of metal ions in wastewater.” Coordination Chemistry
Reviews 434 (2021): 213809.
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Antioxidative Activity of Mostly Hydrophilic, Plant-
Based Substances for the Stabilization of Various Oils

Elena N. Tsurko, Werner Kunz, Patrizia Schmid, Florian Kerkel, Didier Touraud
Institute of Physical and Theoretical Chemistry University of Regensburg

Most oils containing triglycerides, methyl esters, omega-3 oils are prone to rapid oxi-
dation making problems for their usage in industry [1,2]. The vast majority of research
[3] focuses on one single type of oil (e.g., biodiesel). Nowadays, the comparison of
different oils as lubricant oils, biofuels, edible oils, vegetable oils, cosmetic oils, insu-
lating oils, processing oils is favourable. Polyphenolic acids and vitamins could stabi-
lize such systems [4], enhance solubility and show advances because of customizable
hydrotropic properties [5]. Also, they possible could dissolve protein aggregates that
occur in many diseases because of coop up nerve cells or overfill the space between
neurons. In this work, the effect of natural, mostly hydrophilic, antioxidants on the
stabilization of vegetable oil (peanut oil) and processing oils (Polyalphaolefin PAO 6,
Priolube 1973) is investigated. The substances analyzed — benzoic acid derivatives:
syringic acid, gallic acid, gallic acid esters as EtGall, ProGall, isoamylgallate, lauryl-
gallate; hydrocynnamic acid derivatives: ferulic acid, p-coumaric acid; rosmarinic acid
and carnosic acid; tocopheroles: a-tocopherole; stilbenes: resveratrol; flavonoles:
quercetin. With the use of Rapid Small Oxidation Tests the relevant systems of sur-
factant-free microemulsions were analyzed. The fatty acid oxidation taking place in
the sample chamber leads to a decrease in pressure until a threshold value of AP =
-10% is exceeded, thus completing the measurement. The measurements are done
at oxygen pressure of 700 kPa. The concentration and temperature dependence of
the oxidative stability index (OSI) in the range 110-160°C have been investigated in
peanut oil. The comparison of OSI values has been done in unified temperature and
concentration scale. The best stabilizers has been shown to be rosmarinic and gallic
acids as well as gallates (100-170 % increase in relative OSlI in oil, 100-300 % in lu-
bricant). For the gallates, in peanut oil as well as in lubricant: the greater the number
of C atoms of carbon radical of the gallic acid ester, the worse the stabilization of the
gallic acid ester against oxidation. Compared to carnosic acid, rosmarinic acid is more
than three times as effective both in peanut oil, and in Priolube. OSI has been found
to depend linearly on bond-dissociation enthalpies BDE of the phenolic O-H bond and
the number of radicals captured per molecule of antioxidant o. The differences in the
antioxidative activity of polyphenols have been analyzed.

[1] Autoxidation in Food and Biological Systems, M.G. Simic and M. Karel (eds.).Plenum Press,
N.Y.,659 p.

[2] Choe, D., Min, D.B. Compr. Rev. in Food Science and Food Safety.2006.V.5.P.169-186.

[3] Karavalakis, G., Stournas, S. Energy & Fuels. 2010. V.24 (6).P.3682-3686.

[4] Tsurko, E. N., Kunz, W. Science and Innovation.2021. V. 17 (4).R.72 - 78.

[5] Ulmann, N., Hackl, K., Touraud, D., Kunz, W. Journ. Coll. Interf. Sc.2023. V.641.P.631-642.
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CERIC: an open offer of complementary techniques for
materials characterization

Marcello Maria Turconi
CERIC-ERIC Science Communication Officer

Scientific problems have become more and more complex in the latest years, and
facing them requires an ever-increasing number of instrumental and analytical tech-
niques, as well as a multi-disciplinary approach. Such complexity requires the availa-
bility of expertise as well as open access to a wide range of probing techniques and
many different complementary instruments. The CERIC-ERIC research infrastructure
was developed to face this challenge and to make a wide variety of instruments avail-
able through open access as well as the management of the acquired data.

CERIC is a European Research Infrastructure Consortium (ERIC) integrating and pro-
viding open access to some of the most advanced analytical facilities in Europe to
help science advance in all fields of materials, biomaterials and nanotechnology, with
a focus on energy materials and life sciences. With a single entry point to some of the
leading national research infrastructures in 8 European countries, it enables the deliv-
ery of innovative solutions to societal challenges in the fields of energy, health, food,
cultural heritage and more.

Access to all CERIC facilities is open to researchers from all over the world through
the submission of single- or multi-technique proposals to the two calls for proposals
launched every year. A peer review evaluation system guarantees a competitive free
access to more than 60 analytical techniques (the only condition for free open access
is publication of the results of the experiments).

Thanks to the complementary investigation techniques made available by CERIC -
including synchrotron radiation, neutron radiation, microscopic techniques, ion-beam
analysis methods and nuclear magnetic resonance - it is possible to study organic
and non-organic liquid samples at a level of atomic detail, thereby characterizing (bio)
materials for a wide variety of applications.
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Through atomistic molecular dynamics simulations and IR spectroscopy combined
with IR solvation shell spectroscopy, we investigated how solutes perturb molecular
structures and local thermodynamics of binary solvents in their proximity by probing
tert-butyl alcohol (TBA; solute) in water (H.O; solvent) and 1-propanol (PRO; cosol-
vent) mixtures of composition spanning from pure propanol to pure water and 10%
v/v steps in-between. TBA exhibits a weak propensity for hydrophobic aggregation,
through both direct and solvent-shared contacts, for all solvent compositions, as
expected. Counterintuitively, this propensity depends non-monotonically on solvent
composition, with the highest association constant estimated from simulation (6.6 M
occurring for solutions with small but not zero amounts of PRO. This result indicates
an active contribution of the cosolvent to the solvophobic effect driving TBA — TBA
aggregation. The composition of the solvent mixture near the hydrophilic (OH) part of
the solutes varies similarly to that of the bulk solvent. In contrast, the solvent mixture
near the methyl groups of TBA varies non-linearly with the composition of the solvent
mixture in the bulk, with the solvation shell composition remaining largely consistent
in propanol-rich bulk solvent mixtures but sensitive to variations in water-rich ones. IR
solvation shell experiments focused on the analysis of the non hydrogen-bonded (or
dangling) OH stretching feature centred at 3660 cm™'. Quantitative analyses revealed
consistent low presence of dangling OH up to 50% of water volume, after which a
higher and similarly steady plateau is reached. This trend was confirmed in our simu-
lations, lending confidence to the models used. Notably, other experimental attributes
of the same feature exhibit a non monotonic trend at solvent compositions either side
of 50% v/v water, above which the frequency is increasingly redshifted as the water
content grows; the amplitude follows the opposite trend reaching its maximum in wa-
ter-rich mixtures. The frequency shift correlates with the variation in composition of
the solvation shell of the CH; groups of TBA seen in simulations, while the amplitude
trends resemble those of the constant of association determined by simulations. This
study quantitatively shows, for the first time through experiment and simulation, that
small amounts of cosolvent can enhance the aggregation of small solutes in water, and
correlates that observation to the nonlinear variation of the solvation shell composition
of solutes with changes in bulk solvent.
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discrimination and detection of degradation in extra-
virgin olive oils

Riccardo Mincigrucci, Barbara Rossi
Elettra Sincrotrone Trieste

Olive oil is a fundamental component of the Mediterranean diet and it is characterized
by nutritional properties giving significant health benefits. In particular extra-virgin oils
(EVOs) are obtained using cold pressing techniques avoiding any thermal or chemical
treatments that may compromise their high-quality and the specific biochemical fea-
tures. Adulteration is a chronic critical issue of olive oils since several mislabelling or
mixed extra-virgin olive oils and seed oils are fraudulently sold. Another critical point
concerns the influence of the storage conditions on the EVOs quality. Inappropriate
settings for storage such as too high temperature or prolonged light and oxygen ex-
posure can reduce the quality by inducing a series of chemical reactions (rancidity, ox-
idation and decomposition) that significantly change the physical-chemical properties
of these substances. In this sense, incorrect storage can so dramatically change the
quality of olive oils that they can no longer be classified as EVOs.

In recent years several techniques emerged for the detection of oil qualities and
adulteration. Among them, the one gaining popularity are the ones which combines
sensitivity, quickness, easiness of use and cost effectiveness. Here we propose a
multi-wavelengths resonance Raman spectroscopy approach, with excitation in the
visible and deep UV range, as a quick and sensitive method for the detection of ol-
ive oils quality. In our study we have investigated freshly produced samples of EVOs
obtained in farm mills located in Italy, Croatia and Slovenia. A wide range of storage
conditions have been simulated in our study, including warehouses, sheds, refrigerat-
ed cool rooms as well as other less suitable storage. By the comparison between the
resonance Raman spectra, we have identified some band that are markers particularly
sensitive to the unsaturation degree and content of carotenoids in the oils. To promote
the automatic recognition of oil quality and conservation history, we plan to train an
artificial intelligence using the multi wavelengths Raman spectra.

This proof-of-concept study opens the possibility to deploy an innovative spectro-
scopic approach to enable fast, simple and confirmatory diagnostics of quality in ex-
tra-virgin olive oils.
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Deep UV Raman spectroscopy for probing eukaryotic
cells and virus-infected cells
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Deep UV Resonance Raman (DUVRR) spectroscopy is a potent analytical technique
that can be used to selectively detect and characterize different types of biological
samples in real time and label-free approach.1 Selection of excitation wavelengths
in the Deep UV can selectively enhance specific molecular groups in biological mol-
ecules, particularly protein, genome structures and lipids. This permits to efficiently
isolate and detect biological Raman markers in the spectra2,3.

DUVRR spectroscopy have been proved as an asset in different types of investigation
studies like bacteria identification4, malignant biological specimensb, studying protein
structure6, and also for examining protein folding7 and fibrillation8.

In this work, we will show how to obtain stable, high quality and information-rich DU-
VRR spectra of active and pfa fixed Vero cells grown by using different experimental
procedures. With evaluation of best grown procedure, we infected cells with the Ve-
sicular Stomatitis Virus (VSV), that is a non-pathogenic virus, for humans, that serves
as useful model for most recent viral outbreaks. The Vero E6 cells were infected with
VSV virus and UVRR cell spectra collected as a function of time, to assess which
conditions will provide us best spectra to distinguish virus-infected from non-infected
cells. After choosing the best time point of infection, we will evaluate same conditions
trough comparison with the visible Raman spectra, for further evaluation of spectral
markers and changes. The results will be discussed in a way how the combination of
chemometric approaches for DUVRR data analysis may provide robust classification
models to diagnostic and prognostic purposes.

[1] E. Smith, Modern Raman Spectroscopy: a Practical Approach (Wiley, 2019).

[2] Rossi B, Insight into the thermal stability of DNA in hydrated ionic liquids from multi-wavelength
UV resonance Raman experiments. Physical Chemistry Chemical Physics. 2021;23(30):15980-8.
[3] Jakubek RS. Ultraviolet Resonance Raman Spectroscopic Markers for Protein Structure and
Dynamics. Trends Analyt Chem. 2018 Jun;103:223-229

[4] Nelson WH. UV resonance Raman studies of bacteria. Applied Spectroscopy Reviews. 1992
Mar 1;27(1):67-124.

[5] Ralbovsky NM. Deep-ultraviolet Raman spectroscopy for cancer diagnostics: A feasibility
study with cell lines and tissues. Cancer Stud Mol Med Open J. 2019; 5(1): 1-10.

[6] Oladepo SA. Elucidating Peptide and Protein Structure and Dynamics: UV Resonance Raman
Spectroscopy. J Phys Chem Lett. 2011 Feb 17;2(4):334-344.

[7] Sanchez KM. Ultraviolet resonance Raman spectroscopy of folded and unfolded states of an
integral membrane protein. J Phys Chem B. 2008 Aug 7;112(31):9507-11.

[8] Kurouski D. Exploring the structure and formation mechanism of amyloid fibrils by Raman
spectroscopy: a review. Analyst. 2015;140(15):4967-80.

104

EMLG-JMLG Annual Meeting 2024 | Trieste, 8-13 September 2024

Low-Frequency Spectra of Amide Based Deep Eutectic
Solvents
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Deep Eutectic solvents (DESs) are generally composed of hydrogen bonding acceptor
(HBA) and hydrogen bonding donor (HBD) (solids in typical) and liquid state at room
temperature. Recently, DESs based on Li salt and amide mixtures are gaining much re-
search interest in electrochemistry [1]. For example, amide-based DESs show a clear
nanoscopic heterogeneous structure, and their intermolecular interactions such as
hydrogen bonding play a crucial role in the electrical conductivity of these systems [2].
Here, we have studied the low-frequency spectra of some amide-based DESs using
femtosecond Raman-induced Kerr effect spectroscopy (fs-RIKES) to gain insights into
the intermolecular interaction and solution structure.

Lithium bis(trifluoromethanesulfonyl)amide (LiINTf2) was chosen as HBA and five
amides namely acetamide, propanamide, butyramide, N-methylacetamide, and urea
were chosen as HBDs. The DESs were prepared by mixing dried Li-salt and amides at
1:3 molar ratio in a glove box under nitrogen atmosphere. A laboratory-built fs-RIKES
based on a titanium sapphire laser was used for the intermolecular vibrational dynam-
ics [3]. The scans were performed with a time resolution of 3300 points at 0.5 pm/step
for a short time window of 11 ps at 298 K. The physical properties such as density,
surface tension, and viscosity were also measured at 298 K.

The obtained Kerr transients of samples were normalized at t = 0 which is attributed
to the electronic response. A biexponential function was used to fit the overdamped
relaxations over 2 ps. The Kerr transients were then converted to low-frequency spec-
tra using a standard Fourier-transform deconvolution analysis reported previously [4].
The low-frequency spectra of different DES systems showed differences in line shapes
as well as peak frequency with different amides. For example, the line shape of LiNT-
f2/N-methylacetamide was trapezoidal and that of the other DESs was bimodal. The
peak frequency in the higher frequency bands of LiNTf2/urea and LiNTf2/acetamide
are peak 71.0 and 69.2 cm-1, respectively, which are higher than LiINTf2/ propanamide
and LiNTf2/butyramide (~60 cm-1). This indicates that the strength of intermolecular
interactions in the urea and acetamide DES systems is stronger than the propanamide
and butyramide DESs. This difference in the strength of intermolecular interaction also
affects the physical properties, as well. The LiNTf2/urea showed the highest density,
surface tension, and viscosity (1.614 g cm-3, 41.6 mN m-1, and 2690 cP) among the
five DES systems. The lowest surface tension was observed in the butyramide DES
(30.4 mN m-1) and the lowest viscosity was found in the propanamide DES (132 cP).

[1] H. Ogawa and H. Mori, “Phys. Chem. Chem. Phys*. **2020**, *22*, 8853.
[2] Y. Cui and D. G. Kuroda, *J. Phys. Chem. A* **2018**, *122*, 1185.

[3] H. Shirota, *J. Phys. Chem. A* **2011**, *115*, 14262.

[4] H. Shirota, *ChemPhysChem* **2012**, *13*, 1638.
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CERIC-ERIC is an integrated multidisciplinary research
infrastructure for basic and applied research in all fields
of materials, biomaterials and nanotechnology.
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