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Structural solvation features in novel solvent media.

0. Russina?
aChemistry Dept., University of Rome Sapienza, Rome, Italy
olga.russina@uniromal.it

Solvation is a fundamental process characterizing a variety of technologically
relevant processes. It represents an essential bridge between microscopic features
of solvents and the overall thermodynamic, structural and dynamic macroscopic
properties of solutions. Its exploration is of paramount importance, especially when
considering the new generations of solvent media that have been proposed over the
last couple of decades, including ionic liquids, (deep) eutectic solvents (DES) and low
transition temperature mixtures (LLTM).

These novel media often represent breakthrough in terms of macroscopic
performances, due to their specific and targeted solvation capabilities towards a
variety of substances, including biomass, (bio) macromolecules, organic compounds
and drugs.

In this contribution, | will report on our recent studies on a variety of solvents and on
the detailed nature of their solvation capabilities, exploiting the synergy between
experimental (X-ray or neutron scattering) and Molecular Dynamics simulations. This
research approach looks quite relevant to explore solvation features, as both tools
provide direct access to microscopic structural and dynamic scales (nm / nsec), thus
accessing the very details of microscopic interactions that lead to efficient solvation.

| will cite recent results on the development of new, water based DESJ[1,2] and on
their capability, similarly to reline, the prototype DES, to solvate complex
carbohydrates, such as cyclodextrins (CD). Therein, the balance between hydrogen
bonding and dispersive interactions turns out to be fundamental to stabilize CDs
against flocculation. [3-5]

| will also report on recent results on newly developed, eco-sustainable LLTMs, which
can efficiently dissolve polyethylene-terephthalate (PET) and illustrate the
microscopic mechanism of solvation.

References

[1] A. Triolo, ..., O. Russina, Liquid structure of a choline chloride-water natural deep eutectic
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solvents: A comprehensive physico-chemical study, J. Mol. Liq. 383 (2023) 122120.

[3] A. Triolo, F. Lo Celso, O. Russina, Structural Features of B-Cyclodextrin Solvation in the Deep
Eutectic Solvent, Reline, J. Phys. Chem. B. 124 (2020) 2652—2660.

[4] A. Triolo, ..., O. Russina, Solubility and solvation features of native cyclodextrins in 1-ethyl-3-
methylimidazolium acetate, Carbohydr. Polym. 291 (2022) 119622.

[5] A. Triolo, ...., O. Russina, Liquid Structure Scenario of the Archetypal Supramolecular Deep

Eutectic Solvent: Heptakis(2,6-di- O -methyl)-B-cyclodextrin/levulinic Acid, ACS Sustain. Chem.
Eng. 11 (2023) 9103-9110.



SolvATE2024 7t Meeting of the SolvATE Network. November 25-26, 2024. Dijon, France.

The many ways of biosystems for coping with extreme conditions

Judith Peters abc

a Univ. Grenoble Alpes, CNRS, LiPhy, 38400 St. Martin d’Heres, France
b Institut Laue Langevin, 38000 Grenoble, France
¢ Institut Universitaire de France, 75005 Paris, France

jpeters@ill.fr

Life as we know it from our close environment corresponds to very narrow windows
in external conditions, be it for temperature, pressure, pH, salinity or others. As they
are suitable to the well-being of humans, we call them “normal”. Nonetheless, a
plethora of living systems cope with harsh conditions on Earth, in the oceans or the
Earth crust and are well adapted to such conditions. Understanding their adaptation
mechanisms gains more in more in importance to permit a better knowledge about
the origin of life [1], modeling the impact of climate change on flora and fauna [2],
establishing theoretical boundaries for life [3], and optimizing medical applications as
thermal based treatments for cancer [4].

Neutron scattering is a well suited tool to disentangle various structural and
dynamical elements allowing biosystems to withstand conditions hostile to life. Such
studies can be combined with complementary laboratory methods and simulations for
an in-depth picture. Based on research over the last years, we will present new
insights into temperature [5, 6] and high hydrostatic pressure adaptation [7] (see
figure below) and remind the impact of crowding and co-solutes [8] on biomolecular
function especially under extreme conditions.

Figure : Impact of high pressure on cell components
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Structure and Dynamics of Water at Photocatalytic Interfaces

Ellen H.G. Backus?

aUniversity of Vienna, Faculty of Chemistry, Institute of Physical Chemistry,
Wahringer Strasse 42, 1090 Vienna, Austria

ellen.backus@univie.ac.at

Finding a clean and renewable energy source to replace fossil fuels has attracted
much attention, the past few decades, as a step towards the sustainable
development of societies. Direct hydrogen generation on TiO2 by photocatalytic
dissociation of water using sunlight was already proposed almost 50 years ago.
However, despite extensive work in this area, the fundamentals of the process
remain ill-understood, mainly due to the lack of a proper tool to specifically explore
the interface between water and photocatalysts on ultrafast timescales. Sum
frequency generation spectroscopy (SFG), is an inherently surface sensitive tool,
allowing the study of the water-solid interface without monitoring the bulk water. From
the intensity and frequency of the static SFG signal we extract information about the
different water species binding to photocatalysts.

To obtain information on the mechanism of the water splitting process, in the first part
of the talk we will look into the structure of water in contact with ironoxide, both
hematite and magnetite [1]. In the second part, we will put our focus on a dynamical
study at the water-TiOz interface after excitation with a short UV pulse mimicking sun
light. Subsequently, the O-H stretch vibration of the interfacial species are monitored
on a subpicosecond timescale with SFG spectroscopy. Our data show that the
surface charge changes on ultrafast timescales upon excitation resulting in
reorientation and partly dissociation of the water molecules on 10s of ps timescales.
These UV-pump SFG-probe data illustrate the first steps towards following the photo-
induced dissociation of water at the TiO2 interface in real-time. [2]

References
[1] S. Romano et al. (2024) arXiv:2410.12717.
[2] E.H.G. Backus et al. Angew. Chem. Int. Ed. (2024) 63, €202312123.
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Multiscale Modelling of Biomolecules at Inorganic Surfaces

Alexander Lyubartsev?,

“Department of Materials and Environmenrtal Chemistry
Stockholm University, SE 106 91 Stockholm Sweden

alexander.lyubartsev@mmk.su.se

Understanding of processes at hydrated surfaces of inorganic nanomaterials in
biomolecular media is of crucial importance in many technological and biomedical
applications, as well as in investigation of molecular mechanisms behind possible
hazard effects of nanoparticles in living organisms. Experimentally it is very difficult
to get information on details of the hydrated surface structure and biomolecular
adsorption at nanosurfaces because of very small volume of the relevant region of
space relative to the bulk. Physics-based computer modeling provides alternative
route to characterize bio-nano interface. The challenge here lies in the range of
scales that needs to be crossed from the detailed surface chemistry in atomistic
representation to the relevant length scales covering typical nanoparticles and
biomolecules (proteins and lipids). Here a systematic multiscale approach is
presented that allows one to evaluate atomistic interactions at the bionano interface
from the first principles simulations, and then proceed, without any empirical
parameterization, to coarse-grain (CG) models enabling modeling of real-size
nanoparticles with proteins and lipid membranes.

This approach is illustrated on modeling of biomolecular adsorption on TiO;
nanoparticles. We start from ab-initio molecular dynamics (AIMD) simulations of TiO,
surfaces in water from which information on detailed TiO, surface chemistry and
hydroxylation pattern is obtained. Furthermore, AIMD simulations are used to
parametrize atomistic force field for classical MD simulations, using DDCEG6
partitioning of electron density and determination of partial atom charges and
Lennard-Jones parameters from it. Next, ab-initio derived atomistic force field is used
in classical molecular dynamics simulations of TiO, surfaces in water solution
containing also lipid molecules. These simulations demonstrated that lipids bind to
TiO, surface by their polar groups, and that strength of this binding depends on the
lipid type and TiO, form (anatase vs rutile). Atomistic simulations were also used to
determine interaction potentials for CG models by the Inverse Monte Carlo method,
which provides for CG models the same structural properties as those observed in
atomistic simulations. CG simulations of real size nanoparticles in presence of large
amount of lipids showed deposition of lipids at the surface and formation of lipid
bilayer attached to the nanoparticle surface. Implications of the obtained simulation
results for toxicological in-vivo studies on inhalation of TiO, nanoparicles are also
discussed.



Oral communications



SolvATE2024 7t Meeting of the SolvATE Network. November 25-26, 2024. Dijon, France.

Deep Eutectic Solvents: Properties Induced by Nanometric Confinement
MN. Kamar 2 D. Morineau , A. Mozhdehei 2, A. Moréac 2, R. Lefort 2, V. Cristiglio ®, J. Ollivier ®, M. Appel °

alnstitute of Physics of Rennes, University of Rennes, UMR-CNRS 6251, 35700 Rennes, France

bInstitute Laue-Langevin, 38000 Grenoble, France
E-mail: Mohammad-nadim.kamar@univ-rennes.fr

Over the past decade, Deep Eutectic Solvents (DESs) have garnered significant attention
within the scientific community due to their remarkable functional properties, positioning them as
promising alternatives to conventional solvents in green chemistry initiatives [1,2]. Notably, DESs
exhibit unconventional behavior stemming from the formation of nanoscopic domains and dynamic
heterogeneity across nanometers scale, attributed to the intricate interplay of ionic and hydrogen
bonding interactions among their molecular constituents [3,4]. Consequently, unravelling the
physicochemical intricacies of DESs at the mesoscopic level has emerged as a pivotal pursuit.
The interrogation of DES behavior under mesoporous confinement stands as a particularly
pertinent endeavour, given the pivotal role of interfaces and nanopores in numerous targeted
applications of these solvents. Hence, a pressing question arises regarding the impact of
mesoporous confinement on the structure and dynamic (diffusion, rotation and relaxation)
heterogeneities inherent within DES systems [5,6].
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Efficient machine learning-based new tools to design eutectic
mixtures and predict their viscosity

S. Christodoulou?, C. Cousseau®, E. Limanton®, L. Toucouere?, F. Gauffre®, B.
Gargadennec-Legouin®, L. Maron?, L. Paquin®, and R. Poteau®

ALPCNO, INSA-UPS-CNRS UMR 5215, Université de Toulouse, 135 avenue de
Rangueil, 31077 Toulouse Cedex, France

PUniversity of Rennes, ISCR, UMR CNRS 6226, 35042 Rennes, France
e-mail: stella.christodoulou@univ-tlse3.fr

In response to the growing demand for sustainable solvents, DES (Deep Eutectic
Solvents)[1] have emerged as green alternatives to conventional solvents. However,
a major challenge limiting their industrial application lies in their often high viscosity, a
property highly influenced by the temperature, the water content, the structure of the
components and their ratio in the mixture. Given the vast landscape of possible
mixtures, being able to predict the formation and the viscosity of DES has become
essential.

To address this, we developed several machine learning models, including
classification algorithms able to predict the formation of eutectic mixtures (EM) and
regressors that predict their viscosity. The models have been trained on in-house
experimental data with several structural descriptors and they have been further
validated on sets of unseen data to ensure generalizability and fair extrapolation. In
addition, eXplainable Artificial Intelligence (XAl) techniques were employed to
guantify input feature contributions to the outputs of the top-performing models.

This talk will begin with a simple introduction to the algorithms and methods used in
this study, placing them within the broader context of artificial intelligence (Al) and its
applications in chemistry. The main results will then be presented, demonstrating
how this study, among others, is a step forward enabling efficient screening of
eutectic mixture compositions, tailored for specific applications.

« Eutectic Mixtures (EM) .

* non-Eutectic Mixtures (non-EM) @ [/ Classification:
* Experimental viscosities (n) @ EM vs non-EM
@ Machine Learning
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..
Ll
L]
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%‘ o, accurate viscosity
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Figure 1: Schematic representation of our machine learning workflow
References
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Extraction of natural compounds using sustainable solvents

Jean-Baptiste Chagnoleau?, Xavier Fernandez?, Nicolas Papaiconomou?
aUniversité Céte d’Azur, CNRS, Institut de Chimie de Nice, UMR 7272, Nice, France

jean-baptiste.chagnoleau@univ-cotedazur.fr

Plant extracts are valuable ingredients for a wide range of applications including in
cosmetics and perfumery. However, the majority of currently extraction processes
involve volatile organic solvents (VOCs) and exhibit significant environmental
impacts. In order to tackle these issues and be in line with the principles of
sustainable chemistry and ecoextraction, sustainable alternative solvents have been
developed as replacements to VOCs.[1] Among these solvents, biobased solvents
(BioSol)[2], deep eutectic solvents (DES)[3] and ionic liquids (IL)[4] have been the
subject of numerous studies. In addition, in the context of circular economy, by-
products are now seen as an alternative source of natural compounds.

Therefore, this work presents results on the extraction of two different type of
natural compounds: non-volatile bioactive compounds and volatile fragrance
compounds, originating from an agriculture by-product and an emblematic perfumery
plant, respectively.

In the case of non-volatile compounds, valorisation of discarded kiwis was
proposed by extraction of bioactive compounds using DES. Results show that kiwi
peels extracts obtained with DES exhibit improved antioxidant activity compared to
conventional solvents.[5]

In the case of volatile compounds, extracts of Rosa centifolia petals were obtained
by solid-liquid extraction in BioSol, DES and IL. Notably, BioSol improved extraction
yields and extractions of 2-phenylethanol, the major volatile compound of Rosa
centifolia. Additionally, perfumers' evaluations revealed that the extracts produced
with Biosol, IL or DES had distinct olfactory characteristics compared to the reference
Rosa centifolia absolute derived from hexane extract.

References
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Papaiconomou, Food Chem. 2023, 401, 133992.



SolvVATE2024 7™ Meeting of the SolvATE Network. November 25-26, 2024. Dijon, France.

Impact of scCO, on C-Phycocyanin stability in presence of
polyethylene glycol

Melissa Justin® Adrien Lerbret®, Camille Loupiac®

4Univ. Bourgogne Franche-Comté, L’Institut AgroDijon, Université de Bourgogne,
INRAE, UMR PAM 1517, 21000 Dijon, France

melissa.justin@agrosupdijon.fr

Amid worldwide economic and environmental challenges, the urge to find sustainable
processes and new sources of proteins has positioned supercritical CO, (scCO,) as
an interesting alternative solvent in chemical engineering and food science [1]. Its
solvation properties may indeed be tuned by changes in thermodynamic parameters
such as temperature (T > 31°C) and pressure (P > 74 bar) and/or by the addition of
co-solvents such as water or ethanol. However, the use of scCO, as an extraction
solvent in complex matrices remains essentially empirical, given the poor knowledge
on its solvation properties at molecular scale in crowded environments. Molecular
interactions and excluded volume effects in biological matrices induce
macromolecular crowding, which may stabilize and protect the native structure of
proteins under high-temperature and/or high-pressure conditions [2], [4].

However, much less is known on how such interactions evolve in scCO, solvent. For
this purpose, we considered a simplified model composed of a globular protein, C-
Phycocyanin (CPC) and a polymer, polyethylene glycol (PEG) that mimics the
macromolecular crowding found in complex food matrices. Two PEG with different
molecular weight (PEG 4000 Da and PEG 35000 Da) have been chosen to
modulate the hydration of the protein. Moreover, two conditions have been applied
(T=50°C; p=400 bars) and (T=50°C; p=800 bars) at which the density of scCO2
increases from 0.92 g/cm® to 1.04 g/cm?®.

The viscosity and density of PEG solutions did not significantly change after
exposure to scCO2 thereby suggesting no irreversible influence of scCO, on the
specific volume or on the conformation of the polymer. Spectroscopic and differential
scanning calorimetry (DSC) measurements showed strong structural and
environmental alterations of CPC in presence of PEG. Even though no protein
aggregation was observed, fluorescence spectroscopy showed favorable interactions
between PEG and protein hydrophobic residues, increasing their exposure to
solvent, meanwhile DSC highlighted alteration of the oligomeric equilibrium and
denaturation temperatures. Exposure to scCO, regardless of PEG size or
concentration, resulted in notable protein aggregation and structural destabilization.
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Local Structure of Supercritical Fluids Near the Widom Line
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Supercritical fluids (SCFs) are widely used [1] in many chemical industries, including
pharmacy, materials science and more. Main advantages of SCFs include their
environmental friendliness, unique combination of liquid density and gas diffusivity,
as well as, perhaps most notably, their structural/dynamical fluctuations.

It has been long known, that within supercritical region exists a line, so-called Widom
Line, that extends the vapor-liquid coexistence curve. Upon crossing this line, in
either isobaric or isochoric conditions, many thermodynamical properties of the SCF
have large fluctuations or even discontinuities. It is, therefore, possible, to optimize
many of the processes utilizing SCFs by precisely picking the operating temperature
and pressure. For this, a precise mapping of the Widom Line onto the phase-space is
required. Traditional experimental methods may include [2] investigations of heat
capacity, compressibility, thermal expansion coefficients and so on.

Previous theoretical investigations of the Widom Line also have focused on the
changes in thermodynamically properties, such as isobaric/isochoric heat capacities.
In contrast, we have proposed functions of local structural order as an indicator of
Widom Line crossings. In this work, we have performed molecular dynamics (MD)
simulations of TIP4P/2005 water from 175 bar to 375 bar between 300K and 1100K
and Cygan et al. [3] carbon dioxide from 70 bar to 100 bar between 250K and 600K.
We have analyzed the systems with such functionals as nearest-neighbor radial
distribution functions, Voronoi space-tesselation analysis and DBSCAN. We show
that certain extrema in the average values, fluctuations or rates of change of average
values of respective local parameters can define purely local Widom Lines that are in
decent agreement with experiments.
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Growing concern about the environmental impact of industrial activities is driving the
chemists to develop more ecological processes. A major goal is to design new range
of solvents, “greener” but as efficient as the widely used organic solvents.
Supercritical CO, (scCO,) is an interesting alternative.[1] It is non-toxic to humans
and the environment, non-flammable and can be easily fine-tuned to precisely control
the solvation power. The scCO, is used in several industrial processes: extraction of
natural products, impregnation of polymer matrices, water purification or synthesis of
nanoparticle A wider use of such ecological solvent would however require an
accurate for predicting the solvation properties.

Different approaches exist to estimate the solvation properties in supercritical fluids.
Industrial chemists rely on accurate parametric models, but many parameters must
be fitted for each solute and each new solvent.[2] Molecular simulations (MD or DFT)
are more flexible than the parametric models and can accurately calculate the
solvation free energy and the other solvation properties: structure, enthalpy, molar
volume. But despite enormous progress, MD is still too expensive to be considered
as a predictive tool for large scale investigations (many solutes, different solvents
and solvent mixtures and different thermodynamic conditions).[2]

We will present a powerful alternative strategy based on classical density functional
theory (cDFT), a liquid-state theory. Such approaches provide the same solvation
properties as MD, but at a computational cost that is 1000 times cheaper.[3] In our
work, we built the excess free energy functional and compared the structure and the
solvation free energy of several solutes in scCO, obtained with cDFT and MD.[4] We
obain a very good agreement between MD and cDFT In this talk, we will detail the
method, the implementation and the perspective for the development of this new
accurate, flexible, and ultrafast prediction tool for solvation properties in scCO..
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Many of the so-called active pharmaceutical ingredients (API) have different
polymorphic forms, which can radically affect crystallization dynamics, co-
crystallization abilities, solubilities and dissolution rates of the final products. Recent
experimental results [1] suggest that interfacial properties could play significant role
in polymorphic control. Specifically, distribution of conformations on the solid-melt
interface can be a good predictor of the ratio of specific polymorphs after the melt is
cooled.

The main objective of the present study is to obtain a theoretical description of the
correlation between the changes in the local structure of an interface and changes in
the conformational distribution / polymorphism of active pharmaceutical compounds.
To this end, we have performed molecular dynamics simulations of bulk Curcumin
crystals and Curcumin-scCO; interfaces. Curcumin is both culturally important and
medically interesting due to the recent reports [2] of its biochemical activity.
Supercritical CO; is one of the most accessible, environmentally friendly and widely
used supercritical fluid solvents, allowing us to contrast computational results against
some experimental or previous theoretical trends.

Throughout this project we have selected and developed both Curcumin and CO;
force field models, developed a method of monitoring conformational changes,
selected methods of identifying interfacial molecules (ITIM) and integrated it with
many methods of local-structure description (such as radial distribution functions,
angular distribution functions, Voronoi analysis, etc.).
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Ab initio molecular dynamics (AIMD) is a valuable tool for the investigation of
chemical reactions involving the formation or breaking of covalent bonds as well as
subtle interactions between solute and solvent molecules or ions. The computational
cost that precluded the study of large systems or long-time properties has been
recently reduced thanks to more efficient algorithms and new strategies of code
parallelization [1].

We will focus on the theoretical study of an environmentally benign catalyst, namely
choline hydroxide (ChOH), for the conversion from nitriles to amides [2], with water
as a solvent, under two specific conditions: “in-water” (or bulk) conditions and “on-
water” (at the air-water interface) conditions [3]. This investigation emphasizes some
characteristics of aqueous solutions, namely the importance of the dynamics of
hydrogen bonds, the possible occurrence of isomeric conversions, the structural
diffusion of the hydroxide anion, and the influence of interfacial conditions.
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Oxide-water interfaces host many chemical reactions in nature and industry. There,
reaction free energies markedly differ from bulk. While we can experimentally and
theoretically measure these changes, we are often unable to address the
fundamental question: what catalyses these reactions? Recent studies suggest that
surface and electrostatics contributions are insufficient to answer. The interface
modulates chemistry in subtle ways. Revealing them is essential to understanding
interfacial reactions, hence improving industrial processes. Here, we introduce a
thermodynamic approach combined with cavitation free energy analysis to
disentangle the driving forces at play. We find water dictates chemistry via large
variations of cavitation free energies across the interface. The resulting driving forces
are both large enough to determine reaction output and highly tunable by adjusting
interface composition, as showcased for silica-water interfaces. These findings shift
the focus from common interpretations based on surface and electrostatics, and
open exciting perspectives for regulating interfacial chemistry.
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The platinum/water interface is a prototype to investigate the impact of transitioning
from gas-phase petrochemistry to aqueous-phase biomass valorization. The
aqueous environment is notoriously difficult to capture for computational methods:[1]
implicit solvent models fail to capture near chemisorption on noble-metal surfaces,
and DFT-based molecular dynamics are too costly in view of the slow diffusion
constants at the solid/liquid interface. Even though QM/MM for the evaluation of the
solvation free energy using dedicated force fields such as GAL17 leads to qualitative
agreement with experiment.[2] To go beyond additive force fields, we introduce a
density functional tight binding (DFTB) parametrization for the Pt/C/H/O system. We
guantify the accuracy describing the adsorption and reaction of polyols on Pt(111) as
well as the dynamic (morphological) changes of nanoparticles (Ptsg, Ptss and Pti47) to
be around 10 kcal/mol. Our parametrization efforts show that DFTB requires a
corrective three-body potential, introduced via ChIMES[3] to capture water adsorption
on Pt(111) and for the structure and reactivity related to nanoparticles. We showcase
the difference between DFTB and DFTB/ChIMES on the adsorption energy of phenol

on Pt(111) in the gas-phase and in water, see Figure 1.
Figure 1 Comparison of DFTB and DFTB/ChIMES.
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In recent years, the theoretical description of electrical noise and fluctuation-
induced effects in electrolytes has gained a renewed interest, enabled by stochastic
field theories like stochastic density functional theory (SDFT). Such models, however,
treat solvents implicitly, ignoring their generally polar nature. In the present study,
starting from microscopic principles, we derive a fully explicit SDFT theory that
applies to ions in a polar solvent. These equations are solved to compute
observables like dynamic charge structure factors and dielectric susceptibilities. We
unveil the relative importance of the different contributions (solvent, ions, cross
terms) to the dynamics of electrolytes, which are key to understand the couplings
between ions and the fluctuations of their microscopic environment.
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Recent pump-probe experiments [Albrechtsen et al., Nature 623, 319 (2023)] have
explored the gradual solvation of sodium cations in contact with helium nanodroplets,
using a fully solvated xenon atom as a probe exerting a repulsive interaction after its
own ionization. In this contribution, we computationally examine by means of
atomistic ring-polymer molecular dynamics the mechanisms of successive
ionizations, shell formation, and Coulomb ejection that all take place within tens of
picoseconds, and show that their interplay subtly depends on the time delay between
the two ionizations but also on the droplet size. The possibility of forming solvated
Na*Xe non-covalent complexes under a few tens of picoseconds in such experiments
is ruled out based on fragment distributions.

Besides accounting for the main phenomenology of the sodium-xenon experiment,
we extend the investigation to the case of potassium, still with the xenon dopant, and
predict significantly smaller, partially solvated K* cations, owing to the even weaker
interaction in the neutral state.

Finally, our first results involving molecular dopants (benzene, cyclohexane, and their
dimers) will be presented.
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Vibrational circular dichroism (VCD) unveils molecular conformational nuances by
discerning absorption differences in right- and left-circularly polarized light within the
infrared range. This subtle technique elucidates molecular interactions, especially
those that are sensitive to hydrogen bonding, thereby offering particular insight into
the structure of unconventional solvents. Interpreting VCD signals necessitates
meticulous comparison with theoretical models. However, incorporating
environmental effects posed challenges, now mitigated by advancements in
computational modeling. Recently, we proposed a new methodology based on
classical molecular dynamics simulations associated with the AMOEBA polarizable
force field to calculate VCD spectra of flexible molecules [1]. The crucial element in
these VCD simulations is determining the magnetic dipole moment, an intrinsic
dynamical quantity. Highly flexible molecules turn out to be particularly interesting to
study using this method, like 1-phenyl-1,2-cyclohexanediol (PC), that was
successfully studied in a dimethyl sulfoxide (DMSO) solvent, leading to the
calculation of both infrared and VCD spectra. Modeling both the infrared and VCD
spectra for these systems reveals useful insights into their properties and the
complex interactions with their environment, with the intention to extend this work to
ILs and DES, like spirocyclic pyrrolidinium with BF4- and menthol acid acetic,
respectively.
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Figure 1. Infrared and VCD spectra of PC in a box of solvent (DMSO) Figure 2. Phenylcyclohexanediol in a box of DMSO
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Thiophenes are heterocycles of industrial interest which have attracted considerable
attention due to their versatility in different applications. For instance, substituted
thiophenes are used to synthetize materials with photophysical properties and
electrochemical systems and they are increasingly being employed in therapeutical
applications.[1], [2] The formation of amino substituted thiophenes through aromatic
nucleophilic substitution (SnAr) have been extensively studied experimentally.[3], [4]
To gain more insights on the substituent effects, the electrophilicities of numerous
thiophenes derivatives have been provided using Mayr’'s electrophilicity scale.[5]
However, further analysis of such properties and computational efforts to achieve a
description of the reaction mechanism are rare.[6]

In this work, we performed quantum chemistry calculations to investigate the
mechanism of the SNAr reaction of pyrrolidine with seven substituted thiophenes.
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Scheme of the studied SyAr reaction.

We then used conceptual DFT and Topological approaches [7] to rationalize the
evolution of the computed activation energies by means of quantum descriptors,
such as Parr’s electrophilicity and the LUMO energy. We showed that, though the
relative reactivity of different thiophene sites is hard to model, the reactivity of the
thiophene derivatives nicely correlates with global descriptors.
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Sodium alginate (SA), a natural polysaccharide extracted mainly from brown
seaweed, consists of two types of monomers: mannuronic acid (M) and guluronic
acid (G), arranged in block chains [1]. SA is extensively researched for
bioencapsulation applications due to its safety and ionotropic gelation, wherein
divalent cations such as calcium crosslink with the G blocks, resulting in a three-
dimensional structure [2]. The forming network is considered for oral administration
because it is stable and pH-dependent, suitable for encapsulating and delivering
materials in both the gastric and intestinal phases [3]. In acidic pH conditions, such
as in the stomach, the carboxylate groups of alginates can undergo protonation,
resulting in decreased hydrophilicity, which impacts the gel network's water retention
capacity and leads to a denser structure. Conversely, the alginate network can be
loosened and completely dissolved under intestinal conditions. However, unlike the
gelation process, the release mechanisms of encapsulated materials from the
alginate matrix under gastrointestinal conditions remain poorly understood.

Recent studies indicate that the release behaviour of SA in simulated gastrointestinal
fluids may be affected by interactions with environmental factors, particularly bile
salts, resulting in ion exchange and the dissolution of the gel network. This study
investigates how bile extracts affect the ion exchange and release behaviour of the
alginate gel in gastrointestinal conditions. Comprehending these interactions may
enhance the advancement of controlled release systems, especially for colonic drug
delivery applications. This study seeks to address the knowledge gap in release
mechanisms and improve the application of SA in encapsulation technologies.
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Recently, we developed a new optical type of measurement allowing the study of
water/electrolytes organization [1-2]. The technique is based on the nonlinear optical
process of second harmonic scattering (SHS), a nonlinear optical phenomenon
involving the conversion of two photons at the fundamental frequency into one
photon at the harmonic frequency nto water, this incoherent second order
process is due to orientational fluctuations of the non-centrosymmetric H20
molecules. However, when molecules are correlated in orientation, the scattered
photons emitted by each individual molecule interfere and the scattering pattern is
modified. Though tiny, this modification can be detected and attributed to
orientational correlations and can be connected to rotational invariant of the g-
orientational pair correlation function derived with integral equation. With this method,
we explore the water organization in the highly concentrated regime of LiCl and NaCl
solution. First, we show that the water organization reports the salt correlation
function. Then, the SHS intensity, resolved