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The Lipid Membrane Chemistry: A hydration and surface
potential perspective

Halil I. Okur ∗ 1

1 Laboratory for fundamental BioPhotonics (LBP) School of Engineering - Institute of Bioengineering
EPFL, Lausanne, Switzerland

Lipid membranes are highly dynamic and complex structures that determine the fate of a
cell. Although recognized as an essential building block, water is usually treated as a passive
background in membrane studies. In contrast, water and ions play a key role, determine the
electrostatic environment of the membrane and actively influence the surface biochemical reac-
tions. In this talk, the main focus will be on what second harmonic scattering can tell us about
the hydration and surface potential of lipid membranes.

∗Speaker
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Water at electrochemical interfaces: interfacial pH and acid-base
properties

Juan M. Feliu ∗ 1

1 Instituto de Electroquímica, Universidad de Alicante, Spain

The interface between a model Pt(111) electrode and an electrolyte in absence of specific
adsorption will be discussed. By using non-traditional strategies, the potentials of zero total and
free charge can be determined. The dependence of these magnitudes with pH suggest that the
pzfc is always constant and suggest a neutral interfacial equilibrium at significantly more acidic
solutions. In a similar way, the surface pK of weak acids is lower than that measured in bulk
solution, indicating a higher dissociation ability.

∗Speaker
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Chemically active domains of liquids

Barbara Kirchner ∗ 1

1 Mulliken Center, Institute for Physical and Theoretical Chemistry, University of Bonn, Germany

Choosing the right solvent is important for the successful outcome of many reactions, there-
fore, an understanding on the molecular level behavior of the given liquid itself is mandatory if
the full potential of the solvent should be reached. This is particularly the case if the liquid is
actively participating in the reaction, not only as a solvent, but also as a catalyst. In this talk,
we discuss liquids that are examples of such complex processes and we show how we analyze
their behavior(1). The catalytically active mixtures of 1,1,1,3,3,3- hexafluoro-2-propanol (HFIP)
- which is one of the more stabilizing solvents for spin centers serves as such an example.(2) In
another example, we elaborate on the structure of alcohols in ionic liquid (ILs).(3)

Figure 1: From Ref. 3: Spatial distribution functions of cation (left), alcohol (long side chain
cation: middle; short side chain: right). Cation: red; anion: orange; side chain: green; OH:

yellow; side chain alcohol: blue.

Structure-directing or template effects have been invoked several times for ILs to explain
the different outcome in material synthesis. The successful imprinting of the ILs’ order in the
alignment of the alcohol molecules in these simple model systems (Fig. 1) shows that the micro-
heterogeneous structure of ILs can indeed be applied to arrange reaction substrates in a predeter-
mined fashion, opening new possibilities for explaining or enhancing the selectivity in chemical
∗Speaker: kirchner@thch.uni-bonn.de
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reactions in ILs. In electrolyte systems, the association of the ions to form ion pairs or other,
low charge aggregates is a long discussed issue, since it can affect the manner and the extent
of conduction by changing the number of charged species in the solution. Thus, we will cover
ion pairing in ionic liquids(4) considering the bulk but also the interface gas-liquid. The charge
of the ions is often assumed to ±1. Although this seems trivial, but due to a combination of
polarization and charge transfer effects between the ions these charges are decreased in their
absolute values.(5) The derivation and application of a polarizable force field in order to describe
the TiO2-IL interface(6) playing a role in solar cell applications can account for those effects.
Connected to this is structural diffusion.(7) We will also elaborate on voids in liquids to deepen
our understanding of complicated liquids.(1)

(1) M. Brehm, B. Kirchner, J. Chem. Inf. Model., (2011), 51 (8), 2007-2023; M. Brehm, H. We-
ber, M. Thomas, O. Hollóczki, B. Kirchner, ChemPhysChem (2015), 16, 3271-3277; S. Gehrke, R.
Macchieraldo, B. Kirchner, PCCP, submitted; J. Ingenmey, J. Blasius, G. Marchelli, A. Riegel,
B. Kirchner, J. Chem. Eng. Data 2019, 64 (1), 255-261; M. von Domaros, E. Perlt, J. Ingenmey,
G. Marchelli, B. Kirchner, SoftwareX (2018), 7, 356-359; M. Brüssel, E. Perlt, S. B. C. Lehmann,
M. von Domaros, B. Kirchner, J. Chem. Phys., (2011), 135 (19), 194113
(2) O. Hollóczki, A. Berkessel, J. Mars, M. Mezger, A. Wiebe, S. R. Waldvogel, B. Kirchner,
ACS Catal. 2017, 7, 1846-1852. DOI: 10.1021/acscatal.6b03090
(3) R. Elfgen, O. Hollóczki, B. Kirchner, Acc. Chem. Res. (2017), 50, 2949-295
(4) B. Kirchner, F. Malberg, D. S. Firaha, O. Hollóczki, J. Phys.: Condens. Matter, (2015), 27,
463002; O. Hollóczki, F. Malberg, T. Welton, B. Kirchner, Phys. Chem. Chem. Phys. (2014),
16, 16880; F. Malberg, O. Hollóczki, M. Thomas, B. Kirchner, Struct. Chem. (2015), 26, 1343
(5) T. Cremer, et al., Chem. Eur. J., (2010), 16, 9018; N. Taccardi, I. Niedermaier, F. Maier,
H.-P. Steinrück, and P. Wasserscheid, Chem. Eur. J. 2012, 18, 8288; Richard M. Fogarty et
al., DOI: 10.1039/c7fd00155j; S. Kossmann, J. Thar, B. Kirchner PA. Hunt, T. and Welton, J.
Chem. Phys. (2006), 124, 174506
(6) H. Weber, M. Salanne, B. Kirchner, J. Phys. Chem. C, (2015), 119 25260; H. Weber, T.
Bredow, B. Kirchner, J. Phys. Chem. C, (2015), 119, 15137; M. Salanne, B. Rotenberg, S. Jahn,
R. Vuilleumier, C. Simon, P. Madden, Theor. Chem. Acc. (2012), 131, 1143; D. Corradini, D.
Dambournet, M. Salanne, M. Sci. Rep. (2015), 5, 1155
(7) R. Elfgen, et al., Z. Anorg. Allg. Chem. (2017) 643, 41; B. Kirchner, A. P. Seitsonen,
Inorg. Chem., (2007), 46, 2751; E. Perlt, M. von Domaros, B. Kirchner, R. Ludwig, F. Wein-
hold, Sci. Rep. 2017, 7, 10244; J. Ingenmey, S. Gehrke, B. Kirchner, ChemSusChem (2018),
11, 1900-1910; O. Hollóczki ACS Sustainable Chem. Eng., DOI: 10.1021/acssuschemeng.8b05668

Keywords: ionic liquids, microheterogeneity, ion pairs, bQCE, mixtures
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Phase separation and nucleation: from frustration to control

Klaas Wynne, ∗ 1

1School of Chemistry, University of Glasgow, UK

Ever since it was suggested that the anomalous properties of liquid water could explained by
an amorphous to amorphous liquid-liquid transition, the hunt has been on for other examples of
such transitions.1 Surprisingly, only two other examples of liquid-liquid transitions were found
in molecular liquids and even these are highly controversial. I will show that one of these
(in n-butanol) is, in fact, a liquid crystal transition but one in which the liquid crystal is not
“in between” the liquid and the crystal but instead frustrates the formation of the crystal.2

However, we are not content to passively observe phase transitions but desire to gain control
over the nucleation of new phases. Although there are now numerous examples of control using
laser-induced nucleation, a physical understanding is absent and preventing progress. I will
show that concentration fluctuations in the neighbourhood of a liquid-liquid critical point can be
harnessed by a laser-tweezing potential to induce concentration gradients.3 A simple theoretical
model shows that the stored electromagnetic energy of the laser beam produces a free-energy
potential that forces phase separation or triggers the nucleation of a new phase. Experiments in a
liquid mixture using a low-power laser diode confirm the effect. Phase separation and nucleation
through a laser-tweezing potential explains the physics behind non-photochemical laser-induced
nucleation and suggests new ways of manipulating matter.

(1) Mosses, J., Syme, C. D. & Wynne, K. Order Parameter of the Liquid–Liquid Transition in a
Molecular Liquid. J. Phys. Chem. Lett. 6, 38-43 (2015). https://doi.org/10.1021/jz5022763
(2) Syme, C. D., Mosses, J., González Jiménez, M., Shebanova, O., Walton, F. &Wynne, K. Frus-
tration of crystallisation by a liquid–crystal phase. Sci. Rep. 7, 42439 (2017). https://doi.org/10.1038/srep42439
(3) Walton, F. & Wynne, K. Control over phase separation and nucleation using a laser-tweezing
potential. Nat. Chem. 10, 506-510 (2018). https://doi.org/10.1038/s41557-018-0009-8

∗Speaker
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A New Method to Compute 3D (Number, Charge and
Polarisation) Densities from Molecular Simulations &

Application to Solvation

Samuel Coles ∗† 1, Rodolphe Vuilleumier 2, Daniel Borgis 2, Benjamin Rotenberg‡ 1

1 PHysicochimie des Electrolytes et Nanosystèmes InterfaciauX – Centre National de la Recherche
Scientifique : UMR8234, Sorbonne Université – France

2 Processus d’Activation Sélective par Transfert d’Energie Uni-électronique ou Radiatif (UMR 8640) –
École normale supérieure - Paris, Centre National de la Recherche Scientifique : UMR8640, Sorbonne

Université, PSL University – France

The exceptional efforts both computational and human which go into to the production of
trajectories in molecular dynamics simulations creates an impetus towards making the most of
the data obtained. While obtaining some properties requires relatively low data density (such
as radial distribution functions), to obtain an accurate three-dimensional density an exceptional
amount of data is required. Given the huge applicability of 3D interfacial densities to the study
of interfacial solvation, any method which could reduce the variance of their extraction would be
highly advantageous. A previous study by Borgis et. al. provided a new method for the calcula-
tion of these densities by computing them from the 3 dimensional force density (1). This method
allowed for a substantial improvement in the noise level of the data from the same number of
recorded configurations.
Here we present an extension of this work. The reduced variance method has been adapted to
calculate a general set of densities such as: number density (as in the previous case), polarisation
density and charge density. This method will be validated by application to a simple model
system: the structure of water around a single constrained water molecule. Further to this, the
application of these methods to a more complex system, a lysozyme protein, will be presented.
This new methodology provides access to a new way to understand solvation of nanomaterials,
macromolecules, and protein molecules.

∗Speaker
†Corresponding author: samuel.coles@sorbonne-universite.fr
‡Corresponding author: benjamin.rotenberg@sorbonne-universite.fr
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Fig. 1 An image of the solvation shell of a single water molecule. Areas of high positive (red)
and negative (blue) polarization density in the z direction (left-right within the image). This

image could not be obtained using the conventional methodology.

(1) Borgis, D., Assaraf, R., Rotenberg, B. & Vuilleumier, Mol. Phys. 2013, 111 (22-23),
3486–3492

Keywords: Interfacial Densities, Molecular Dynamics, Three Dimensional Densities, Liquid State
Theories, Computer Simulations
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Confronting Experimental Enthalpies to Theoretical Estimates

Jean-Pierre Djukic ∗† 1, Milan Milovanovic 2,3, Snezana Zaric‡ 4,5

1 Institut de Chimie de Strasbourg – CNRS : UMR7177, université de Strasbourg – France
2 Department of Chemistry, University of Belgrade – Serbia

3 UMR 7177, University of Strasbourg – Université de Strasbourg, CNRS : UMR7177 – France
4 Texas AM at Doha – Qatar

5 University of Belgrade – Serbia

Isotherm titration calorimetry is a powerfull means to determine the enthalpy of reactions
occuring in the homogeneous phase. In the case of irreversible reactions, the measured raw
heat flow gives a direct access to the reaction enthalpy. In the case of equilibria, application
of appropriate algorithms describing the studied system may give access to Gibbs energy and
entropy variation, and in fine to an estimate of the equilibrium constant. Our recent work has
concentrated on providing experimental reference values of thermochemical parameters of simple
irreversible and equilibrated organic and organometallic reactions for the purpose of benchmark-
ing newly developped theoretical methods capable of accounting for the effects of Dispersion.
It was indeed found that the theoretical reproduction of experimental trends of a number of
chemical reactions depended not only on the inclusion of dispersion in the DFT method but also
on accounting for solvation.1 Even though a number of systems could readily be modeled using
DFT-D and regular implicit solvation models with good agreement with ITC and dynamic NMR
analyses,2 a small number of reactions produced discrepancies that we assign to a significant role
of explicit solvation. This communication will present consisely disclose our most recent results
on the matter.
(1) (a) Grimme, S.; Djukic, J.-P. Cation-Cation ”Attraction”: When London Dispersion Attraction Wins
over Coulomb Repulsion. Inorg. Chem. 2011, 50, 2619-2628. (b) Iali, W.; Petrovic, P.; Pfeffer, M.;
Grimme, S.; Djukic, J.-P. The inhibition of iridium-promoted water oxidation catalysis (WOC) by cu-
curbit[n]urils. Dalton Trans. 2012, 41, 12233-12243.
(2) (a) Hansen, A.; Bannwarth, C.; Grimme, S.; Petrovic, P.; Werle, C.; Djukic, J.-P. The Thermo-
chemistry of London Dispersion-Driven Transition Metal Reactions: Getting the ’Right Answer for the
Right Reason’. ChemistryOpen 2014, 3, 177-189. (b) Petrovic, P. V.; Grimme, S.; Zaric, S. D.; Pfeffer,
M.; Djukic, J.-P. Experimental and theoretical investigations of the self-association of oxaliplatin. Phys.
Chem. Chem. Phys. 2014, 16, 14688-14698. (c) Hamdaoui, M.; Ney, M.; Sarda, V.; Karmazin, L.;
Bailly, C.; Sieffert, N.; Dohm, S.; Hansen, A.; Grimme, S.; Djukic, J.-P. Evidence of a Donor-Acceptor
(Ir-H)→SiR3 Interaction in a Trapped Ir(III) Silane Catalytic Intermediate. Organometallics 2016, 35,
2207-2223. (d) Petrovic, P.; Djukic, J.-P.; Hansen, A.; Bannwarth, C.; Grimme, S. Non-covalent stabiliza-
tion in transition metal coordination and organometallic complexes; John Wiley & Sons, Inc., 2016. (e)
Werle, C.; Dohm, S.; Bailly, C.; Karmazin, L.; Ricard, L.; Sieffert, N.; Pfeffer, M.; Hansen, A.; Grimme,
S.; Djukic, J.-P. Trans-cis C-Pd-C rearrangement in hemichelates. Dalton Trans. 2017, 46, 8125-8137.
Keywords: Organometallics, organics, ITC, DFT, D, COSMO

∗Speaker
†Corresponding author: djukic@unistra.fr
‡Corresponding author: snezana.zaric@qatar.tamu.edu
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DFT-MD and Cl-MD of oxide-water interfaces reveal interfacial
structures, and show the need to go beyond simplified

Gouy-Chapman type 1D-models.

Simone Pezzotti, 1 Fu Li, 2, Daria Ruth Galimberti, 1 Fabrizio Creazzo, 1

Laurent Joly, 2 Marie-Pierre Gaigeot ∗ 1

1 LAMBE UMR8587, Université d’Evry val d’Essonne, Université Paris-Saclay
2 ILM UMR5306, Université Claude Bernard Lyon 1

Water interfaces play a central role in a large variety of disciplines including e.g. atmospheric
chemistry, electrochemistry, photo- & electro-catalysis, geochemistry, biophysics, material design,
nanofluidics. Knowledge of the molecular structure and dynamics of water and dissolved ions
at aqueous interfaces is essential not only for a fundamental understanding of this ubiquitous
liquid, but also for a large number of technological applications, including new energies.
Structure and dynamics are intimately linked. Yet, common phenomenological models of ions at
aqueous interfaces, like the Gouy-Chapman framework and continuum hydrodynamics models,
all share the same 1D-representation, i.e. only the vertical dimension (above the surface) taken
into account, while the couplings between structure, hydrodynamics and diffusion are not in-
cluded. Real surfaces are however rough and heterogeneous, so that 3D-models should be more
appropriate to capture the microscopic essence of interfacial phenomena. Moreover, water ar-
rangement close to another medium is dictated by specific water-substrate interactions (or lack
of), not included in continuum models, leading to unique anisotropic HB-networks formed by
water in the first interfacial layer, denoted Binding Interfacial Layer (BIL).
We will illustrate these points with DFT-based MD simulations of oxide-water isoelectric and
charged interfaces as well as with classical MD simulations. To provide a comprehensive charac-
terization of the solid-water interfaces, MD simulations are systematically coupled with theoret-
ical SFG spectroscopy, one of the very few experimental tools that reveal interfacial structures.
We will show how to define the only two SFG active water layers at any charged interface, i.e.
BIL (Binding Interfacial Layer) and DL (Diffuse Layer), and how to calculate BIL-SFG and
DL-SFG spectra, and what the spectroscopic features reveal on the interfacial structure. See
our recent refs below. With classical MD simulations, one can play more systematically with
the surface charge and its spatial distribution (homogeneous vs inhomogeneous), and hence the
following results will be presented and discussed: (1) from low to high ionic concentrations at
interfaces and associated DL thicknesses for DL-SFG; (2) water orientations in the BIL and DL
provided by homogeneous and heterogeneous surface charge distributions, and associated BIL-
SFG and DL-SFG signatures; (3) structural organization of the water in the BIL first interfacial
layer predominantly dictated by the hydrophilic/hydrophobic nature of the solid surface, and
not following the electrostatic driving force below a certain threshold.
Recent references:
- J.D. Cyran, M.A. Donovan, D. Vollmer, F. Siro-Brigiano, S. Pezzotti, D.R. Galimberti, M.-P.
Gaigeot, M. Bonn, E.H.G. Backus, Molecular Hydrophobicity at a Hydrophilic Surface. Just
∗Speaker
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accepted, PNAS (Dec 2018)
- F. Creazzo, D.R. Galimberti, S. Pezzotti, M.-P. Gaigeot DFT-MD of the (110)-Co3O4 cobalt
oxide semiconductor in contact with liquid water, preliminary chemical and physical insights into
the electrochemical environment. J. Chem. Phys. 150:041721-18 (2019)
- S. Pezzotti, D. R. Galimberti, Y. R. Shen, M.-P. Gaigeot What the Diffuse Layer (DL) reveals
in non-linear SFG spectroscopy. Minerals, 8:305-321 (2018)
- S. Pezzotti, A. Serva, M.-P. Gaigeot 2D-HB-Network at the air-water interface: a structural and
dynamical characterization by means of ab-initio and classical molecular dynamics simulations.
J. Chem. Phys., 148:174701-10 (2018)
- S. Pezzotti, D. Galimberti, , Y.R. Shen, M.-P. Gaigeot Structural definition of BIL and DL: a
new universal methodology to rationalize non-linear χ(2)(ω) SFG signals at charged interfaces,
including χ(3)(ω) contributions. Phys. Chem. Chem. Phys., 20:5190-5199 (2018)
- S. Pezzotti, D.R. Galimberti, M.-P. Gaigeot 2D H-Bond network as topmost skin to the air-
water interface J. Phys. Chem. Letters, 8:3133 (2017)

Keywords: DFT, MD, Cl, MD, solid, liquid interfaces, SFG spectroscopy, BIL, DL layers, 1D,
continuum models
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Des corrélations à très longue portée entre les molécules d’eau

Julien Duboisset ∗ 1, Pierre-Francois Brevet 2

1 Institut FRESNEL (IF) – CNRS : UMR6133, Ecole Centrale de Marseille, Université Paul Cézanne -
Aix-Marseille III, Université de Provence - Aix-Marseille I – Domaine univ. de St-Jérôme 13397

MARSEILLE CEDEX 20, France
2 Institut Lumière Matière [Villeurbanne] (ILM) – Université Claude Bernard Lyon 1, Centre National

de la Recherche Scientifique : UMR5306 – UMR5306 CNRS Université Claude Bernard Lyon 1
Domaine Scientifique de La Doua Bâtiment Kastler, 10 rue Ada Byron 69622 Villeurbanne CEDEX,

Franc, France

Nous décrivons des expériences d’optique non linéaire résolue en polarisation en phase liq-
uide mettant en évidence des corrélations en orientation des molécules d’eau. Ces expériences
montrent que les molécules s’organisent sur des distances beaucoup plus grandes que ce qui était
habituellement admis jusqu’à présent. Nous démontrons ainsi que celles-ci s’arrangent sur des
distances de plusieurs dizaines de nanomètres selon une distribution azimuthale. Ces travaux
montrent aussi que lorsque l’on ajoute du sel, une transition apparaît, les molécules d’eau adop-
tant brutalement une distribution radiale à courte distance centrée sur les ions du sel

Keywords: water, correlation, second harmonic generation

∗Speaker
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How to apply the Kirkwood–Buff theory to individual species in
salt solutions ?

Jean-Marc Simon ∗ 1

1 Laboratoire Interdisciplinaire Carnot de Bourgogne [Dijon] (LICB) – Centre National de la Recherche
Scientifique : UMRCNRS 6303, Université de Bourgogne-Franche-Comté – Université de Bourgogne - 9

avenue Alain Savary - BP 47870 - 21078 Dijon Cedex, France

It is generally assumed that the Kirkwood–Buff (KB) theory cannot be applied to anions
and cations individually in a solution, as one cannot simulate this system in an open ensemble
due to the electroneutrality constraint. By applying our recently derived KB theory for closed
systems, we show that one does have access to single-ion properties in Molecular Dynamics (1).
Our findings are supported by simulations for a model of a salt solution in which particles inter-
act with WCA potentials, as well as for the NaCl/water system using the Particle Mesh Ewald
technique for electrostatics.

(1) S. K. Schnell, et al, Chemical Physics Letters 582, 154 (2013).

Keywords: Kirkwood Buff Theory, Molecular dynamics, salt solution

∗Speaker
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Hydration of inorganic anions in the interlayer domain of layered
double hydroxides

Erwan André ∗ 1, Cédric Carteret† 2

1 Laboratoire de Chimie Physique et Microbiologie pour les Matériaux et lÉnvironnement – Centre
National de la Recherche Scientifique : UMR7564, Université de Lorraine – Université de Lorraine, 405

rue de Vandoeuvre, 54600 Villers-les-Nancy, France
2 Laboratoire de Chimie Physique et Microbiologie pour les Matériaux et lÉnvironnement – Centre

National de la Recherche Scientifique : UMR7564, Université de Lorraine – France

Layered Double Hydroxides (LDH) is a family of layered materials in which hydroxides of
cations with different oxidation states (II and III) gather to form layers of M(OH)2 octahedra.
The presence of trivalent cations in the layers generates positive charges that are compensated
by the intercalation of anions in the interlayer domain.
Due to their similarity with clays these compounds are sometimes described as "anionic clays",
and like their cationic analogues, their structure is dependent on hydration. Indeed, the dimen-
sions of the interlayer domain and the configuration of both anions and water molecules can be
controlled by monitoring the relative humidity of the material.
In order to study interactions between layers, anions and water molecules, one has to intersect
information from different characterization technics (XRD, vibrational spectroscopies) operating
in controlled conditions. The experimental information is supplemented by numerical simula-
tions (classical molecular dynamics, DFT calculations) in order to understand these interactions
at a molecular level.
Here we will present the hydration of MgAl LDH intercalated with small inorganic anions (Cl−,
CO2−

3 and ClO−4 ), in order to show the role of water in the structuration of the interlayer domain.

Keywords: Vibration, DFT, Raman, Infrared, Layered Double Hydroxides, intercalation
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Hydrogen bonding interactions in ionic liquids

Abdenacer Idrissi ∗ 1

1 Faculty of Sciences and Technologies, Chemsitry, LASIR UMR8516 – LASIR UMR 8516 – France

The analysis of the hydrogen bond interactions becomes more complicated when the IL is
mixed with a molecular solvent. Indeed, to overcome the high viscosity of the ILs, they are
mixed with molecular solvents that induce a modulation of its overall physical chemical prop-
erties (viscosity, density, conductivity, melting temperature, surface tension ...) with a large
changes occurring at low IL mole fraction x IL below 0.2. Then the understanding of the interac-
tions, and in particular the hydrogen bonding ones, that exist between the component ions of IL
and the molecular solvent is essential for the proper use these mixture in industrial application.
For this purpose, in a first stage, we investigated, using molecular dynamics simulation, the
hydrogen bonding interactions in the 32 types of imidazolium based ionic liquids combined with
various type of anions.1,2 In a second stage we investigated, the change of the hydrogen bond
distances characteristics in four 1-butyl-3-methylimidazolium cation based ionic liquid combined
with four perfluorinated anions in a mixture with three molecular solvents. In order to assess
the changes of the hydrogen bonding interactions as a function of the anion type as well as
to evaluate the effect of the IL mole fraction in a mixture, x IL, charge distribution model on
these interactions, we introduce here a double distance characteristic of the hydrogen bonding
arrangement, D-H· · ·A, of the donor moiety, D, the bonding H atom, and the acceptor atom, A.
In the case of a linear hydrogen bond, which is qualified as strong one, the d2 distance is equal
to the sum of the intramolecular D-H and intermolecular d1 distances. On the other hand, in
the case of a bent, weaker hydrogen bond, the d2 distance is noticeably shorter than the sum of
the D-H and d1 distances, and the hydrogen bond angle, q, can be estimated from the law of
cosines. These distances are associated with the average distances calculated from the nearest
neighbor distributions of the A atom around the H and D atoms.3
The results show that the cation-anions interactions are correlated with the hydrogen bonding
strength as analyzed from the distance and angle characteristics and are dependent on the size
of the anion and its collective interaction with various hydrogen atoms of the cation (including
those of the methyl and butyl chains), while in the mixture the rate of weakening of the cation-
anions interactions with dilution is associated with the rate of strengthening of the anion-solvent
interactions.

This work was supported by the Erasmus plus and the Eiffel programs
1. B. Doherty, X. Zhong, S. Gathiaka, B. Li and O. Acevedo, Journal of Chemical Theory and Compu-
tation, 13 (12), 6131-6145 (2017).
2. K. G. Sprenger, V. W. Jaeger and J. Pfaendtner, The Journal of Physical Chemistry B, 119 (18),
5882-5895 (2015).
3. B. A. Marekha, V. A. Koverga, E. Chesneau, O. N. Kalugin, T. Takamuku, P. Jedlovszky and A.
Idrissi, The Journal of Physical Chemistry B 120 (22), 5029-5041 (2016).
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Ion-specificity and surface water dynamics in protein solutions

Tadeja Janc 1, Miha Luksic 1, Vojko Vlachy 1, Anne-Laure Rollet 2, Guillaume Meriguet
2, Jean-Pierre Korb 2, Natalie Malikova ∗ 2

1 University of Ljubljana, Faculty of Chemistry and Chemical Technology – Slovenia
2 Laboratoire de Physico-Chimie des Electrolytes et des Nanosystemes Interfaciaux – Sorbonne

Université, CNRS – France

Ion-specific effects at the protein surface are investigated here in light of the changes they infer
to surface water dynamics, as observed by 1H NMR relaxation (at 20 MHz). Two well-known
proteins, hen egg-white lysozyme (LZM) and bovine serum albumin (BSA), show qualitatively
opposite trends in the transverse relaxation rate, R2 (1H), along a series of different monovalent
salt anions in the solution. Presence of salt ions increases R2 (1H) in the case of lysozyme and
diminishes it in the case of BSA. The effect magnifies for larger and more polarizable ions. The
same contrasting effect between the two proteins is observed for protein-solvent proton exchange.
This hints at subtle effects ion-binding might have on the accessibility of water surface sites on
the protein. We suggest that the combination of the density of surface charge residues and
surface roughness, at the atomic scale, dictates the response to the presence of salt ions and is
proper to each protein. Further, a dramatic increase in R2 (1H) is found to correlate closely
with the formation of protein aggregates. The same ordering of salts in their ability to aggregate
lysozyme, as seen previously by cloud point measurements, is reproduced here by R2 (1H). 1H
NMR relaxation data is supplemented by 35Cl and 14N NMR relaxation for selected salt ions to
probe the ion-binding itself.

Keywords: ion, specific effects, proteins, surface water diffusion, NMR relaxometry
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Modelling dynamic and environemental effects on the
steady-state and transient optical properties of a prototypycal

Ru(II)-polypyridyl dye sensitizer

Mariachiara Pastore ∗ 1, Giacomo Prampolini 2, Francesca Ingrosso 3

1 Université de Lorraine, CNRS, Laboratoire de Physique et Chimie Théoriques, F-54000 Nancy –
CNRS : UMR7019 – France

2 Istituto di Chimica dei Composti OrganoMetallici (ICCOM-CNR), Area della Ricerca, via G. Moruzzi
1, I-56124 Pisa – Italy

3 Université de Lorraine, CNRS, Laboratoire de Physique et Chimie Théoriques, F-54000 Nancy –
Université de Lorraine – France

Charge transfer (CT) processes induced by light absorption are crucial in a variety of physico-
chemical phenomena in different fields, ranging from the natural and artificial photosynthesis (1)
to photovoltaic applications(2). When dealing with charge transfer excited states, which char-
acterize the UV-Vis absorption of transition metal polypyridyl complexes, the response of the
solvent molecules to the sudden solute’s charge redistribution, directly affects the excited state
energetic and dynamic. From a theoretical point of view, an accurate treatment of the environ-
ment and of its response, requires to explicitly include the solvent molecules into the simulated
system and perform sufficiently long (ns) Molecular Dynamic (MD) simulations; this is clearly
only affordable by resorting to classical MD approaches, whose routinely application to metal-
organic compounds has been, however, hampered by the scarce availability of standard forces
fields (FFs) able to correctly preserve the octahedral coordination structure and by the lack of
FFs capable to describe the molecule in an excited electronic state. Here we present the devel-
opment of an integrated multilevel approach, by combining classical MD simulations, extensive
excited state calculations (TD-DFT) and solvation dynamics linear response analysis, to inves-
tigate the steady-state and transient optical properties and solvation structure of a prototypical
heteroleptic Ru(II)-polypyridyl complex, widely employed in dye sensitized solar cells. (3) A
polar protic (ethanol) and a strong nucleophilic aprotic (dimethyl sulfoxyde) solvent are chosen
in virtue of their different hydrogen-bonding formation capabilities and of their different response
to the electronic charge transfer excitations.
References
1. Listorti, A.; Durrant, J.; Barber, J. Nature Mater. 2009, 8, 929–930
2.Gratzel, M. J. Photochem. Photobiol. A 2004, 164, 3–14.
3. Prampolini, G; Ingrosso, F.; Segalina, A.; Caramori, S.; Foggi, P.; Pastore, M. J. Chem.
Theor. Comput. 2018 DOI: 10.1021/acs.jctc.8b01031
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Molecular dynamics simulations on the aggregation of
Keggin-type polyoxometalate ions in aqueous solutio

Alain Chaumont ∗ 1

1 Laboratoire de Chimie Moléculaire de l’Etat Solide – Université de Strasbourg, CNRS, UMR 7140 -
Chimie de la Matière Complex – France

Aqueous solutions of polyoxometallate (a-PW12O403-) Keggin anions have been simulated by
molecular dynamics, comparing between solutions with different neutralizing Mn+ counterions
(Cs+, NBu4+, UO22+, Eu3+, H3O+and H5O2+). They reveal marked counterion effects.
While the hydrophobic NBu4+ cations tend to surround a-PW12O403- anions via loose contacts,
leading to ”phase separation” between water and an overall neutral humid salty domain, the other
studied cations are more hydrophilic and generally separated from the a-PW12O403- anions. The
most important finding concerns the aggregation of a-PW12O403- anions, mostly as dimers with
short contacts but also as higher (a-PW12O403-)noligomers (n = 3 to 5) with the proportion
of the aggregates ranging from ca. 9 to 46%, depending on the counterion. While Eu3+and
UO22+are fully hydrated and interact at short distances with a-PW12O403-as solvent-separated
ion pairs, Cs+can form contact ion pairs, as well as solvent-separated ions.
Free energy profiles, obtained via potential of mean force ”PMF” calculations, as a function of
the P ... P distance show a flat profile with a tiny minimum at ca. 11 Å as the anions approach
each other, showing that the anions can form ”contact ion pairs” in the presence of either H3O+,
UO22+ or Eu3+counterions.
The role of water is demonstrated by comparing PMFs in water and in methanol solution where
there is no contact ion pair, but a free energy minimum at ca. 17 Å, corresponding to an ion
separated pair a-PW12O403-...Eu(MeOH)93+...a-PW12O403-.

Keywords: Molecular Dynamics, Polyoxometalates, Ion Aggregation, Liquid, Liquid Interface
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Molecular origin of water dynamics acceleration or slowdown in
aqueous ionic solutions

Guillaume Stirnemann ∗† 1, Damien Laage ∗ ‡ 2

1 IBPC – CNRS : UPR9080 – France
2 Ecole Normale Superieure (ENS) – CNRS : UMR8640 – 24, rue Lhommond, 75005 Paris, France

Water in our environment is never found as the pure substance but always contains dissolved
salts that affect its molecular properties and play a key role in a wide range of contexts. The
perturbation of water structure, dynamics and of other properties such as viscosity depends on
the nature of the ions and on their concentration. A key challenge for molecular dynamics simu-
lations is to correctly account for the great variety of effects that is observed in the experiments,
ranging e.g. from strong acceleration to slowdown depending on the nature of the ions. While
many non-polarizable classical approaches fail to reproduce experimental results, we will show
that a computationally-effective approach based on charge rescaling is much more successful. In
particular, it allows us to explain why some ions accelerate water dynamics while others slow
it down in the dilute regime, and why all salts lead to a slowdown of water dynamics at high
concentration.

Keywords: water dynamics, ionic aqueous solutions, molecular dynamics simulations
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Solvation in porous ionic liquids

Margarida Costa Gomes ∗† , Laure Pison 1, Ctirad Cervinka 2, Agilio Padua
3

1 Laboratoire Magmas et Volcans – Institut national des sciences de lÚnivers : UMR6524, Université
Jean Monnet [Saint-Etienne], Institut de Recherche pour le Développement et la société : IRD163,
Université Clermont Auvergne, Centre National de la Recherche Scientifique : UMR6524, Institut

national des sciences de lÚnivers, Centre National de la Recherche Scientifique – France
2 VSCHT – Czech Republic

3 École normale supérieure - Lyon – CNRS : UMR5182 – France

Different ionic liquids have been incorporated into the pores of metal organic frameworks
to form composites that show interesting performances in terms of gas absorption, catalysis or
electrochemical properties.
In this work, we have stabilized a suspension of a well characterized metal organic framework in
a phosphonium-based ionic liquid to produce a porous liquid capable of reversibly and selectively
absorbing large quantities of gas.(1) The absorption carbon dioxide, methane and nitrogen was
measured as a function of temperature and pressure in suspensions (2-5% w/w) of a zeolitic imi-
dazolate framework (ZIF-8) in trihexyltetradecylphosphonium bis(trifluoromethylsulfonyl)amide.
The amount of gas absorbed points towards an increase of the free volume of the suspension com-
pared to that of the ionic liquid alone.
The variation of the gas absorption with temperature allows the calculation of the thermodynamic
properties of solvation thus assessing the relative importance of the solute-solvent interactions
and of the free volume of the solvent for the dissolution process. Molecular dynamics simulations
showed that the ionic liquid is too large to penetrate the pores of the solid and allowed the study
of the liquid structure near the pores.

(1) M. Costa Gomes, L. Pison, C. Červinka, A.A.H. Padua. Porous ionic liquids or liquid
metal organic frameworks? Angewandte Chemie, 57, 1-5 (2018).
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Solvation of noble metals surfaces in water by a
local-surface/water forcefield

Paul Clabaut ∗† 1, Carine Michel 1, Stephan Steinmann 1

1 Univ Lyon, Ecole Normale Supérieure de Lyon, CNRS Université Lyon 1, Laboratoire de Chimie –
CNRS : UMR5182, École Normale Supérieure (ENS) - Lyon – France

Among the diverse chemically relevant systems, metal/liquid interfaces stand out by their
difficulty to be simulated and their spreading presence in a lot of actual research topics. One
key tool that is needed to properly simulate those systems is an accurate metal/water force-field.
For example, this would allow to compute free energies of solvation of adsorbates sitting at the
metal/liquid interface with a QM/MM approach (1). Interesting advances have been made for
those surface/water force-fields in the ‘90s by the inclusion of many-body terms (2) (3), but their
limited accuracy didn’t allow a wide usage of them. Recently, the GAL17 force-field has shown
some promising results on Pt (111)/water interfaces thanks to the insertion of the concept of
plane in the force-field instead of single atoms as it is classically done (4). However, it uses the full
surface as a 2D object with a pre-determined crystallographic structure, which is not compatible
with more complex surfaces like kinks or nanoparticles. In this work, we have modified the way
that the surface is considered to introduce a local plane and a way to detect is crystallographic
nature with the help of generalized coordination numbers (5). This new description should allow
the computation of these complicated surfaces and therefore to enhance the applicability of the
force-field. Several changes have also been brought to the functional form and the force-field
has been tested on diverse metals and crystallographic planes like Au, Ag, Cu, and Pd metals,
respectively on (111) and (100) planes. With this new form, an already more accurate evaluation
of single-water-molecule/Pt (111) interaction is achieved compared to the GAL17 force-field and
in respect to DFT. For example, on a Pt(111) plane, the bottom of the attractive well is still
reproduced at less than 1 kcal/mol on top sites compared to DFT calculations but the well on
hollow sites is now approached at less than 0,1 kcal.mol from DFT, while it was respectively at 1
kcal/mol for and 4 kcal/mol for top and hollow sites with the GAL17 force-field. These promising
results are already quite attractive on a single crystallographic plane because they would allow
a reasonable simulation of several metal planes but the wider applicability to complex surfaces
is even more exciting. We hope that in the future, this force-field becomes a reference for all
metal/water applications.
References:

(1) Steinmann, Stephan N., Philippe Sautet, et Carine Michel. " Solvation Free Energies for
Periodic Surfaces: Comparison of Implicit and Explicit Solvation Models ". Physical Chemistry
Chemical Physics 18, no 46 (2016): 31850-61.
(2) Siepmann, J. Ilja, et Michiel Sprik. " Influence of Surface Topology and Electrostatic Poten-
tial on Water/Electrode Systems ". The Journal of Chemical Physics 102, no 1 (janvier 1995):
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511-24.
(3) Spohr, E.; Heinzinger, K. A Molecular Dynamics Study on the Water/Metal Interfacial Po-
tential. Berichte der Bunsengesellschaft für physikalische Chemie 1988, 92 (11), 1358–1363.
(4) Steinmann, Stephan N., Rodrigo Ferreira De Morais, Andreas W. Götz, Paul Fleurat-Lessard,
Marcella Iannuzzi, Philippe Sautet, et Carine Michel. " Force Field for Water over Pt(111): De-
velopment, Assessment, and Comparison ". Journal of Chemical Theory and Computation 14,
no 6 (12 juin 2018): 3238-51.
(5) Calle-Vallejo, F.; Martínez, J. I.; García-Lastra, J. M.; Sautet, P.; Loffreda, D. Fast Prediction
of Adsorption Properties for Platinum Nanocatalysts with Generalized Coordination Numbers.
Angewandte Chemie International Edition 2014, 53 (32), 8316–8319.
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Solvent stability in Mg/Ion Batteries: an ab initio study

Jean-Sébastien Filhol ∗† 1, Anja Lautar-Kopac

1 Université de Montpellier – ICGM – France

Solvent electrochemical stability is one of the most important parameter in many electro-
chemical systems and in particular for Mg/Ion batteries that could be the next generation system
for energy storage. The particular problem with Mg/Ion batteries is that the classical carbonates
solvents developed for Li/Ion battery are not appropriate as they lead to the inactivation of the
electrodes. Other solvents can be used such as DME or glymes and lead to far better results but
with room for improvment.
With an ab initio electrochemical approach, we investigate the stability of free solvent or sol-
vent in the first solvation shell of Mg2+ cations. We see that Mg2+ cations are activating the
electrophilic reactivity of the solvents in the first solvation shell reducing the potential windows
where the solvent can be used. We can then predict from this approach the products coming
from the reduction of the solvent and the electrochemical mechanisms associated by means of
Fukui functions. We then propose an extension to the thermodynamic stability of solvent to an
extented passivation domain where the solvent is still metastable but not activated by electron
transfer from the surface.
We also inverstigate ways to protect the solvent from the Mg2+ activation to improve the elec-
trolyte stability.

Keywords: electrochemistry, Mg, Ion batteries, solvent stability
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Structural characterization of iron(II) in an iron(II)-pectin
hydrogel by combining EXAFS and MD simulations

Aline Maire Du Poset 1, Andrea Zitolo∗ 2, Fabrice Cousin 3, Ali Assifaoui † ,
Adrien Lerbret † ‡ 1

1 Procédés Alimentaires et Microbiologiques [Dijon] – Université de Bourgogne, AgroSup Dijon -
Institut National Supérieur des Sciences Agronomiques, de lÁlimentation et de lÉnvironnement :

UMR-MA 2012.02.102 – France
2 Synchrotron SOLEIL – CNRS : USR01 – France

3 Laboratoire Léon Brillouin (LLB - UMR 12) – CEA, CNRS : UMR12 – LLB - UMR 12, CEA Saclay
91191 GIF SUR YVETTE CEDEX, France

The association of alginate or pectin chains induced by some biologically relevant divalent
cations leads to the formation of hydrogels. It is usually described by the so-called " egg-box
model ", but such coordination geometry has not been directly observed in hydrogels and thus
proved. In this study, we determined the coordination geometry of Fe2+ in a polygalacturonate
(polyGal) hydrogel by coupling X-ray absorption spectroscopy (XAS) measurements and molec-
ular dynamics (MD) simulations. The XAS results reveal an octahedral coordination geometry
of Fe2+ both in aqueous solution and in the hydrogel, with similar Fe-O distances (2.09 +/- 0.01
Å in hydrogel and 2.11 +/- 0.02 Å in water solution).The MD simulations evidence that standard
empirical force fields are unable to accurately reproduce the Extended X-ray Absorption Fine
Structure (EXAFS) spectra of Fe2+ in both systems. Interestingly, the best agreement between
experimental and simulated EXAFS spectra was found when Fe2+ is monodentately coordinated
to two carboxylate and two hydroxyl oxygens from a pair of polyGalA chains as well as to two
water oxygens in an octahedral coordination geometry compatible with the " egg-box model ". It
seems that mondodentate coordination induces a tighter association of polyGal chains that may
prevent the oxidation of iron and also limit the reorganization of polyGal chains upon gelation.
Therefore, the 3D network formed in the presence of iron(II) is expected to be more heteroge-
neous than the one formed in the presence of alkaline earth metals (Ca2+, Ba2+, ...) which bind
to the carboxylate groups of polyGal in a bidentate mode.
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Study of water distribution in real food products: molecular scale
heterogeneities highlight by glass transitions.

Supuksorn Masavang ∗ , Gaëlle Roudaut , Dominique Champion† 1

1 Procédés Alimentaires et Microbiologiques (PAM UMR-MA) – Université de Bourgogne, Agrosup
Dijon – AgroSup Dijon 1 esplanade Erasme 21000 Dijon, France

The physical state and mechanical properties of extruded cereal based products were studied
as a function of sucrose content and relative humidity (RH) to evaluate how the presence of
sucrose affects glass transition temperature (Tg) and sorption isotherm. Extrudates were pre-
pared with different sucrose content (0 – 20% wt). Sorption isotherm showed the water content
of extrudates decreased when product contains high sucrose at low water activity range and the
inverse effect was observed at high water activity. This presentation shows some evidence of
heterogeneities for water distribution because two glass transitions were detected using differ-
ential scanning calorimetry (DSC). Detail information will be presented to show how the heat
flow first derivative curve can be analyzed to determine the present of heterogeneities. We grate-
fully acknowledge Agrosup Dijon (CS 171-CS 117) for financial support and the plateform RMB
(rheology and structure of biological materials) sponsored by Bourgogne Franche Comté region.
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Toluene/Butanol Binary Solvents Confined in Periodic
Organosilicates: New Insight From Neutron Diffraction Studies

Aicha Jani ∗ 1

1 Institut de Physique de Rennes – Universite de Rennes 1, Centre National de la Recherche Scientifique
– Bâtiment 11A , B, C, E – 10B263 av. Général Leclerc35042 Rennes cedex FRANCE, France

The confinement of liquid mixtures in porous channels provides new insight into fluid ordering
at the nanoscale. In this presentation, we address a phenomenon of microphase separation,
which appears as a novel fascinating confinement effect for fully miscible binary liquids. This
phenomenon was firstly investigated for tert-butanol-toluene mixtures confined in the straight
and mono-dispersed cylindrical nanochannels of MCM-41 and SBA-15 mesoporous silicates (D =
3.6 nm and 8.3 nm) [1,2]. The present study aims at extending this approach to different fluid-wall
interactions. It shows that novel types of nanostructures can be generated using functionalized
porous organosilicates with periodic alternating surface chemistry along the pore channel.

Keywords: Confinement, microphase separation, nanochannels, organosilicates, binary solvents
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The nanoparticle/water interface: a major actor of radicals
production ?

émilie Brun ∗ 1, Cécile Sicard-Roselli† 1

1 Laboratoire de Chimie Physique UMR CNRS 8000 Université Paris Sud – Université Paris Sud - Paris
XI – France

In 2004 Hainfeld et al. highlighted the important role gold nanoparticles (GNP) could play
for therapy (1). They demonstrated in mice that the adjunction of GNP to X-ray treatment
could lead to complete tumor regression. Surprisingly, this promising effect is not yet transposed
to clinical phases. One main reason could be the absence of consensus about the benefit obtained
by coupling GNP and irradiation. Not only the adding value of GNP can be quite different from
a publication to another, but the GNP efficiency highly varies from a cell type to another (2).
With this in mind, we decided to study the GNP-radiation interaction in order to get a good
knowledge of the mechanisms involved and developed a protocol to quantify the electrons and
hydroxyl radicals emitted by irradiated nanoparticles (3). For uncoated GNP, massive quantities
of both species were quantified and unexpectedly, gamma rays induce more radicals than X-rays.
Energetic consideration from these results and additional experiments in the presence of low
concentrations of salt or heavy water lead us to propose a key role of interfacial water around
nanoparticles we would like to discuss with the GDR.
References
1- Hainfeld, J.; Slatkin, D.; Smilowitz, H., Phys Med Biol 49, 309 (2004).
2- Brun, E.; Sicard-Roselli, C., Radiation Physics and Chemistry 128, 134 (2016)
3- Sicard-Roselli, C.; Brun, E.; Gilles, M.; Baldacchino, G.; Kelsey, C.; McQuaid, H.; Polin, C.;
Wardlow, N.; Currell, F., Small 10 3338 (2014)
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Theoretical Study of Hydrated Gold Nanoparticles for
Radiotherapy Applications

Chen Hui Chan ∗ 1, Elise Dumont 1, David Loffreda 1

1 Laboratoire de Chimie – CNRS UMR 5182, École Normale Supérieure (ENS) - Lyon, CNRS :
UMR5182 – France

The use of gold nanoparticles (Au NPs) for enchancing radiotherapy performance is very
promising. This success has been demonstrated by highly active in vivo and in vitro experi-
mental studies (1). High Z Au NPs contribute to radiosensitization effect, thus making tumor
cells more responsive to ionizing radiation. Upon water radiolysis, Au NPs generate electrons
and reactive species such as oxygenated compounds (ROS). Those species favor radiotherapy
by amplifying the damages caused by radiations and by concomitantlly improving the radiation
dose. In principle, Au NPs are synthesized in a PEGylated (encapsulated in a complex assembly
of polyethylene glycol ligands) and aqueous environment. To date, little is known regarding the
morphology, the structure, and energetics of those nanoparticle systems, especially at the atomic
scale.
In this work, we use theoretical approaches to model the immersion of Au NPs in a biologi-
cal environment (interface with liquid water) explicitly at the atomic level. In particular, we
aim to rationalize the interaction between water molecules and Au NPs as a function of the
nanoparticle morphology and size. Density Functional Theory (DFT) calculations including dis-
persion forces have been performed to explore the adsorption structures and energetics of water
molecules on Au NPs, from single adsorption to saturation. Several morphologies of gold clusters
have been modeled in the fluxional regime (0.9-1.8 nm). For a singly adsorbed water molecule,
the most stable adsorption forms are similar (corners and edges) whatever the nanoparticle
shape and size, although the adsorption strength differs significantly (0.15 eV). When a com-
plete and explicit water solvation shell interacts with gold nanoclusters, metastable in vacuum
and presenting a predominance of (100) square facets (ino-decahedra Au55 and Au147), these
nanoparticles are found unstable and transform into closest morphologies exhibiting mainly (111)
triangular facets and symmetries. The corresponding adsorption strength per water molecule
becomes independent from shape and size and is enhanced by the formation of two hydrogen-
bonds in average. For applications in radiotherapy, this study suggests that the shapes of small
gold nanoparticles should be homogenized by interacting with the biological environment. All
the calculations were performed using the resources of the Pole Scientifique de Modélisation
Numérique (PSMN).This project is funded by Labex PRIMES (ANR 11-LABX-0063, PhD fel-
lowship awarded to C-H.Chan).
References:
(1) M.L-Pelletier et al , Adv. Healthcare Mater., 2018, n◦1701460
(2) C-H. Chan et al, paper submitted to J. Phys. Chem Lett.
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Using Molecular Density Functional Theory to study electron
transfer reaction in water

Guillaume Jeanmairet ∗† 1

1 PHENIX – Sorbonne Université, CNRS, Physico-Chimie des Électrolytes et Nanosystèmes
Interfaciaux, PHENIX, F-75005 Paris, France – France

The Marcus theory of charge transfer reactions in solution has provided a very simple two-
chemical state picture, based on two intersecting parabola (1). It has been widely used in the
electrochemical community because it made possible to understand the experimental data, to
interpret them quantitatively but also to make predictions. Originally, the theory modeled the
solvent by a dielectric continuum. The response of the solvent to the charged solute is linear
which implies that the free energy curves of the reactant and product are quadratic, with the
same curvature. The validity of this assumption can be tested by computer simulations, either
using force field molecular dynamics (MD) or ab-initio MD (2). However, this is rather costly
since it requires to run several several simulations on intermediate fictitious solutes to study one
electron transfer reaction. Most of the computational times being spent to compute solvent-
solvent interaction, it seems promising to have an implicit description of the solvent.
I will present here an alternative method based on liquid-state theory, namely molecular density
functional theory, which is numerically much more efficient than simulations while still retaining
the molecular nature of the solvent (3). By reformulating molecular ET theory in a density
functional language it allows to compute the various observables characterizing ET reactions
from an ensemble of density functional minimizations. In particular, a relevant order parameter
for the reaction can be defined within that formulation and the Marcus free energy curves of
both reactant and product states along that coordinate can be computed. The validity of the
approach is demonstrated by studying the ET reaction of a spherical solute in bulk water and
close to a solid/liquid interface.
(1) Marcus, R. A. (1956) On the Theory of Oxidation-Reduction Reactions Involving Electron
Transfer. I. The Journal of Chemical Physics 24, 966–978.
(2) Warshel, A & Parson, a. W. W. (1991) Computer Simulations of Electron-Transfer Reactions
in Solution and in Photosynthetic Reaction Centers. Annual Review of Physical Chemistry 42,
279–309.
(3) Jeanmairet, G, Rotenberg, B, Levesque, M, Borgis, D, & Salanne, M. (2019) A molecular
density functional theory approach to electron transfer reactions. Chemical Science. Advance
article, 10.1039/C8SC04512G.
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High-throughput solvation free energies by molecular density
functional theory and machine learning
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The hydration or binding free energy of a drug-like molecule are key data for computer
aided early stage drug discovery. Hundreds of thousands of evaluations are necessary to find
few potential lead. This rules out the exhaustive use of atomistic simulations and free energy
methods. Instead, the docking and screening processes are today relying on numerically efficient
scoring functions that lose much, if not all, of the atomic scale information and hence remain
error-prone. We show how our probabilistic description of molecular liquids as implemented
in the molecular density functional theory (MDFT) predicts hydration free energies of a state-
of-the-art benchmark of small drug-like molecules within 0.4 kcal/mol of atomistic simulations,
along with water maps, for a computation time reduced by 3-5 orders of magnitude. Furthermore,
these results can be improved to 0.6 kcal/mol of experimental results by coupling MDFT with
machine learning approaches, without increasing the calculation time.
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