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Carried by Sorbonne Universities, LabEx MATISSE (MATERIALS, Interfaces,
Surfaces, Environment) is a multidisciplinary project on the borders of the
chemistry, physics and Earth sciences and mobilizes a critical mass of
research laboratories around the study of materials, so natural as synthetic, in
the senvice of bia socioeconomic stakes. It federates 18 prestigious actors
around interdisciplinary projects.

MATISSE gathers exceptional skills regarding elaboration of materials by
chemical or physical ways, characterization of the properties since the
nanometric scale up to the kilometer, even under extreme conditions, and
finally, of modelling in terms of composition, dimension and function.

Research

MATISSE has for objective to understand the fundamental principles
governing the organization of the material to be able to dewvelop original
materials by playing on their dimensionality and feature. For the first time, the
parallel between natural materials and synthetic materials is exploited in a
forward-looking way by involving jointly the chemistry, the physics and the
Earth sciences. This original approach will drive to a better understanding and
to a control of materials in the environment (e.g. change, biodegradation,
contamination), and materials for the environment (e.g. cleanup, green
catalysis, management of natural resources).

Innovation

MATISSE received an exceptional support on behalf of industrial partners,
what testifies from them, of a real trust in the skills of this consortium, and in
its capacity to be answered the main stakes which settle in materials science
today. We can quote the management of mining resources, the storage of
waste, the protection against the corrosion, the soil remediation, the
elaboration of materials environment-friendly

Formation

MATISSE will participate in the development of interdisciplinary and
international training program at the level Master's degree and doctorate.
These students and PhD students constitute a reservoir of highly considered
staffs soin the academic as industrial environment.

SORBONNE
UNIVERSITES




— [:';\?’(\ B
Matisse funds full PhD and postdoc fellowships including salary and
functioning. One call is open every year.

More here]www.matisse.upmec.fr|

Welcome
PISACMS, August 24-28, PARIS, FRANCE

The aim of this school is to form new generations of young researchers
to atomic, molecular and condensed phase computational methods,
from theory to the most advanced approaches, going from the very
microscopic to the macroscopic: Density Functional Theory, classical
Monte-Carlo and molecular dynamics, ab initio molecular dynamics,

metadynamics, linear response, lattice-Boltzmann methods, Quantum
Monte-Carlo.

Our ambition is to make students aware of the fundamental principles of each
methods, and then able to choose the most adapted one(s) for a given
scientific problem. The broad panel of approaches we propose, both via theory
lessons and computer lab "projects"”, is rare in the international landscape, as
the best-known schools are more focalised on a particular time and length
scale lewvel of description.

This school will benefit both from the exceptional central Paris environment,
and from the local concentration of young and confirmed experts-teachers in
each specific theme of the school.

This school is held with the support of Labex Matisse and Sorbonne
Universités.

£

Get everyday updates on twitter
#PISACMS
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http://www.matisse.upmc.fr/

A. Marco Saitta — Professor

Institut de Minéralogie, de Physique des Matériaux et de Cosmochimie
(IMPMC)

Université Pierre et Marie Curie — Sorbonne

http://www.impmc.upmc.fr/~saitta

marco.saitta@upmec.fr

Rodolphe Vuilleumier — Professor
Laboratoire PASTEUR

Ecole Normale Supérieure — Université Pierre et Marie Curie

http://www.chimie.ens.fr/?g=umr-8640/physico-chimie-th-

orique/profil/rodolphe. vuilleumier

rodolphe.willeumier@ens.fr
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mailto:marco.saitta@upmc.fr
http://www.chimie.ens.fr/?q=umr-8640/physico-chimie-th-orique/profil/rodolphe.vuilleumier
http://www.chimie.ens.fr/?q=umr-8640/physico-chimie-th-orique/profil/rodolphe.vuilleumier
mailto:rodolphe.vuilleumier@ens.fr

Address :

UPMC -4, place Jussieu

75005 Paris

Access :

-Métro:

Ligne 7 or 10 (station:
Jussieu)
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Amphi 15: Morning sessions — Lunch — Coffee break — Poster sessions

22-23 - 1t floor, rooms 109-111-112-114: Computer labs

Tour Zamanski — 24t floor: Best poster prize & Closing Party
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Housing and accommodation
Résidence Internationale de Paris

44 rue Louis Lumiére - 75020 PARIS — Tel : +331 40 31 4545
- Metro
Porte de Bagnoletstation (ligne 3) or Porte de Montreuil station (ligne 9).
- Bus
Ligns 57 et PC 2 (Station Vitruve).
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Michele CASULA — II\/IPMClmichele.casula@ugmc.fr|

Guillaume FERLAT — IMPMC|guillaume.ferlat@upmc.fr |
Fabio FINOCCHI — INSP [fabio.finocchi@upmc.fr |

Maximilien LEVESQUE — PASTEUR|maximilien.levesque@ens.fr |

Fabio PIETRUCCI — IMPMC|fabio.pietrucci@upmc.fr |

Benjamin ROTENBERG — PHENIX|benjamin.rotenberg @upmc. fr |

A. Marco SAITTA — IMPMC[marco.saitta@upmc.fr|

Mathieu SALANNE — PHENIX [mathieu.salanne@upmc.fr |

Ari SEITSONEN — PASTEUR|ari.seitsonen@ens.fr |

Rodolphe VUILLEUMIER — PASTEUR|rodolphe.willeumier@ens.fr |
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Courses: Amphi 15

Program

Flash presentations: Amphi 15
Computer Lab: computer rooms TBC
Lunch/coffee breaks: patio Amphi 15

I Monday 24 Tuesday 25. Wednesday 26 Thursday 27. Friday 28.
2 00 — 10350 9 -0l — 10,30 3 0 — 1030 2 0 — 10350 3 00— 1030
Clzaaleal Molacukar Ab it Molecular Mes0scopic Lingar responss Path integral MD
DymEmi lcs Dynam lcs hyr oayTam ks Fabio Finocchi Rodoiphe Wulleumier
Mathieu Salanne A.  Marco Satia | Benfamin Rotenbarg
Coffes Break Coffes Break Coffes Ereak Coffog Break Coffes Broak
11 00-12 30 i1 00-12 30 11 :00- 12 30 11 00- 12 30 11 :00- 12 30
Fores Flebds M etadynamics Lattice-Boltzmann | DF Perturbation | Quantum Monte Carlo
Mathiey Saanne Fabio Petruccd mathods Thaory Mcheke Casua
Eenamin Rotenberg | Fabio Finoochl
12:30 — 13:30 1230-1330 | 1230 — 1400 1230 — 14100 1230 — 1400
Lunch Lunch Lunch Lunch Lunch
13 30 - 14 30 13 30 - 14 30
Flagh presentation 1 | Fash presentation 2
.45 —17.45 14301530
- Flazh presentation 3
14 00 -17 00 14 00 - 17 20 14 200 -17 00
Denalty Functional Computer Lab Computer Lab Computer Lab
Theory
A. Marco Saitta
Amphl 15
1545-18:45
Computer Lab
17 :30- 13 200 17 :30- 18 00 17 100 - 18 :00
Postars Postars Remlze des prix
Conference ROOM | confersncs Room | Tour Zamanskl 24th
IMPMC 401 [22-23) | IMPMC 401 [22-23) flaor
16 00 - 20 B0
Welcome cocktall
18 200 - 22 00
Banguet

Patio
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Abstracts — Courses & Computer Labs

MONDAY 24 August

Mathieu Salanne — 9h-10h30 — Amphi 15

Classical Molecular Simulations

Classical molecular simulations are now one of the main tools for interpreting
experiments and predicting physico-chemical properties of condensed matter
systems. Indeed, they provide a very useful picture of the materials at the
microscopic scale. Their popularity is also due to their easy access, even for
non-specialists, with a huge variety of simulation codes available.

In this lecture, we will introduce two methods, i.e. Molecular Dynamics (MD) and
Monte Carlo (MC) simulations. Although they share many technical details
(handling of periodic boundary conditions, use of force fields etc), they differ in
their sampling method of the considered thermodynamic ensemble. In MD, the
trajectory of the molecules is gathered by solving iteratively the Newton's
equation of motion, while in MC the states are generated according to
appropriate Boltzmann probabilities. For each method, the related algorithm, its
limits and approximations, success and failures, will be detailed. The various
thermodynamic and dynamic quantities that can be extracted from the
simulations will also be oveniewed.

Mathieu Salanne — 11h-12h30 — Amphi 15

Force fields for materials
Many modelling problems in materials science inwlve finite temperature
simulations with a realistic representation of the interatomic interactions. These
problems often necessitate the use of large simulation cells or long run times,
which puts them outside the range of direct first-principles simulation. It is then
necessary tointroduce analytical force fields, which may include different levels
of complexity. The reliability of force fields is one of today’s major challenges in
atomic scale computer simulations.
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In this lecture, we will introduce the families of force fields that are most widely
used in materials science. Although the simpler ones are based on the generic
Lennard-Jones interaction, many systems necessitate accounting for more
complex effects, such as polarisation. We will also discuss how the various
parameters of the force field may be obtained. Two main routes are generally
followed. The first one consists in determining them empirically by matching the
available experimental data. The other method aims at reproducing accurately
first-principles calculations. The second approach is more difficult to set up, but
it should provide force fields with enhanced transferability when studying new
materials.

A. Marco Saitta — 14h-17h — Amphi 15

Density Functional Theory
This class will establish the “common basis” of Density-Functional Theory,
which will be then useful in the following of the school. After introducing the
electronic density as the central quantity of the theory, the variational principle
and the Hohenberg-Kohn theorem, we will follow the Kohn-Sham approach to
obtain the minimization self-consistent equations, within the local-density and
the generalized-gradient approximations. We will then we will briefly illustrate
some practical implementation aspects, including pseudopotentials, plane-
wave expansion, periodic boundary conditions, Brillouin zone sampling.
We will then consider a few basic examples of DFT calculations, from the band
structure of semiconductors and metals, to charge distributions and bonding
properties, to the optimization of internal coordinates and/or unit cell, to
structural phase transitions, to surfaces, interfaces and low-dimensional
systems. Each of these examples will feature some practical implementation
techniques and exploitation of results.
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TUESDAY 25™" August

A. Marco Saitta — 9h-10h30 — Amphi 15

Ab Initio Molecular Dynamics
In this lecture, we will focus on the basic concepts of classical and statistical
mechanics deweloped in the Monday morning classes, and their implementation
within DFT-based ab initio codes. In particular, we will discuss the Born-
Oppenheimer and the Car-Parrinello molecular dynamics approaches, and their
respective specificities on conwergence, time-steps, equilibration, statistical
awerages, and so foth and so on. We will then focus on practical
implementation and specific physical targets, such as vibrational dynamics and
density of states, structural properties of disordered systems, thermodynamics,
and diffusion. The last part of the class will be focused on AIMD-based studies
of chemical properties and transformations in Materials Science, and will
introduce a few elements for the following class of free-energy methods and
metadynamics.

Fabio Pietrucci — 11h-12h30 — Amphi 15

Free-energy methods
Plain molecular dynamics simulations cannot sample efficiently rare events like
chemical reactions, phase transitions, and many other activated processes that
require owvercoming free energy barriers. This lecture will present two very
successful techniques employed to enhance the sampling of low-populated
regions in configuration space and reconstruct free energy profiles: umbrella
sampling and metadynamics. Starting from the connection between probability
histograms and free energy landscapes as a function of collective variables,
umbrella sampling will be discussed as a practical way to focus the
computational effort in selected regions of the configuration space. The
weighted histogram analysis method will then be introduced to combine
together in an automatic way the statistics obtained in independent simulations.
Next, the basic principles and advantages of metadynamics will be presented,
together with practical considerations (by means of examples) about the choice
of parameters and the convergence of the algorithm. A brief introduction to the
Plumed plugin will demonstrate how to perform actual free energy calculations
in the hands-on session. The last part of the lecture will focus on topics at the
core of all free energy calculation approaches: how to choose appropriate
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collective variables, the definition of reaction coordi
probabilities and the nature of transitions states.
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nates by means of committor

Computer Lab — 15h45-18h45 — Rooms 22/23 1stfloor

Search for structural minima in carbon nanotubes and clusters
Exercise 1
We will study the Stone-Wales transformation in a carbon nanotube (CNT)
employing classical molecular dynamics (LAMMPS code) in combination with
metadynamics (Plumed code). We will adopt simple collective variables like
distances between atom pairs. The aim is setting up a simple metadynamics
simulation and evaluate the effect of the different parameters (e.g., Gaussian
width, height, and deposition rate) on the reconstructed free energy landscape.
The tasks will include:

- choose atoms inwlved in collective variables from a CNT structure,
using VMD

- adjust a Plumed input file to define collective variables and parameters
of the simulation

- run a molecular dynamics simulation with LAMMPS + Plumed

- analyze the trajectory of collective variables to detect transitions

- plot the reconstructed free energy landscape at different times: find the
“filling time”, evaluate convergence, compare barriers with literature

Exercise 2

We will explore many different geometries of Lennard-Jones clusters exploiting
metadynamics in combination with topological collective variables (SPRINT).
These variables characterize the network of interatomic bonds and drive the
system to change topology without specifying in advance the final states, thus
allowing to discover new geometries. The tasks will include:

- build initial structure of the cluster (“by hand”, or with VMD)

- adjust a Plumed input file and run a simulation with LAMMPS + Plumed
- analyze the trajectory of collective variables to spot out the metastable
structures

- based on the trajectory of the potential energy, rank structures and find
the global minimum

SORBONNE
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WEDNESDAY 26" August

Benjamin Rotenberg— 9h-10h30 — Amphi 15

Mesoscopic hydrodynamics
After introducing different situations inwlving the transport of simple and
complex fluids, with applications in basic research, as well as in various
industrial and environmental contexts, we will recall the most important notions
in hydrodynamics. Starting from the standard macroscopic description
(conservation equations, hydrodynamic regimes, etc), we will show how coming
back to the microscopic and mesoscopic scales allows owercoming some
fundamental and computational limitations of Direct Numerical Simulation (i.e.
solving the Navier-Stokes equation with finite elements or finite wolume
methods).
We will consider in particular small objects (colloids, nanoparticles) suspended
in a fluid or fluids confined down to the micrometer or sub-micrometer scale,
and discuss the effect of thermal fluctuations, the simulation of hydrodynamic
interactions, complex fluids, etc that play a key role in soft matter systems or
fluids in porous media. We will introduce seweral mesoscopic simulation
techniques allowing for the description of such systems beyond the reach of
molecular simulation, including Dissipative Particle Dynamics or Stochastic
Rotation Dynamics.

Benjamin Rotenberg — 11h-12h30 — Amphi 15

Free-energy methods
In this second lecture, we will focus on a specific mesoscopic method for the
simulation of simple and complex fluids. We will first introduce some basic
notions of Kinetic Theory, on which the Lattice-Boltzmann (LB) method is
grounded. We will sketch the derivation of the LB algorithm from continuous
kinetic theory and illustrate how macroscopic hydrodynamics may emerge from
a set of simple local rules. We will then extend the discussion to complex fluids
such as fluid mixtures, colloidal suspensions, fluids in charged porous media,
adsorption/desorption at solid/liquid interfaces. If time permits, we will also
describe another related lattice-based method (Moment Propagation) that
allows for the computation of time-dependent properties such as the time-
dependent diffusion coefficient of tracers.
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Computer Lab — 14h-17h — Rooms 22/23 1st floor

Transport of fluids in porous media
The students will use a Lattice-Boltzmann code dewveloped by members of the
PHENIX and PASTEUR laboratories, to investigate the transport of a simple
fluid through porous media under an applied pressure gradient. Starting with
the case of the Poiseuille flow in a slit pore, we will examine seweral aspects of
LB simulations and of the hydrodynamic simulations in general: steady-state
wvelocity profiles, linear response and permeability, transient regime and
associated time scales, effect of discretization...
We will then mowve to the more complex case of a capillary filled with obstacles,
mimicking a chromatographic column: The students will \isualize the
streamlines through the complex porous material and analyse the effect of the
obstacles on the permeability of the column.
Finally, the driving and dispersion of tracers through the column will be
considered, in the absence and in the presence of interactions between the
solutes and the surface of the material.
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THURSDAY 27th August

Fabio Finocchi— 9h-10h30/11h-12h30 — Amphi 15

Linear response & Density Functional Perturbation Theory
DFT is a powerful tool for the calculation of the ground-state properties of
materials. In practice, howewver, materials are experimentally probed by
measuring their response to seweral external perturbations. Therefore, their
computation has a tremendous importance.
This can be achieved through Density Functional Perturbation Theory (DFPT),
which is related to the DFT as usual perturbation theory to the Schrédinger
equation. The aim of this lecture is to describe the fundamental theorems at the
basis of DFPT in the case of static perturbations: the Born-Oppenheimer
approximation, the Hellmann-Feynman theorem and the systematic derivation
of formulas to compute nt" order derivatives of the total energy. Then, we will
show some examples of the calculation of first- and second-order derivatives of
the total energy and relate them to some selected physical examples. The
lecture will be complemented by a hands-on-computer tutorial on the linear
response theory applied to the study of the para-electric to ferro-electric phase
transition.

Computer Lab — 14h-17h — Rooms 22/23 15t floor

Structural Instability and Soft Phonons of cubic BaTiO3
In this tutorial, we study the structural phase transition of the cubic, para-electric
phase to the ferro-electric tetragonal phase of BaTiOs, by using Density
Functional Theory (DFT) and Density Functional Perturbation Theory (DFPT).
The numerical results will be complemented by simple analytical models, when
possible.
The cubic structure of BaTiOs is unstable with respect to a transverse optic long-
wawelength mode (see Figure). This mode thus corresponds to a negative
squared frequency that clearly shows up in the computed phonon dispersion
w(q) for q vectors close to zero.
The aim of this tutorial is to compute and analyze the phonon dispersion, to
relate the mode that is responsible for the instability to a structure having small
atomic displacements and to understand the physical origin of the instability
itself. The tutorial consists of several distinct steps:
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1. Determine the optimal computational parameters (cutoff energy,
Brillouin-zone sampling, etc.)

2. Compute the theoretical equilibrium lattice parameter and compare it to
the experimental one.

3. Run a phonon calculation at the center of the Brillouin Zone (q =0) and
analyze the character of the soft mode by looking at the computed eigenvectors
and the atom effective charges. (Be careful, this calculation could take about an
hour on a small PC - launch the corresponding job and go ahead with the tutorial
in the meanwhile!)

4. Run two ground-state calculations: the first for a cubic structure with
atoms slightly displaced from the high-symmetry positions; the second for a
tetragonal phase where atomic positions are numerically optimized. Compare
the total energies of the high-symmetry cubic phase, the cubic phase with atom
displaced by hand and the optimized tetragonal phase. Deduce the relative
stability of those structures.

5. If time allows, compute the phonon dispersion along selected points in
the Brillouin Zone. Plot the computed dispersion and compare it to experimental
data.

All along this tutorial, you will use the package Quantum Espresso, which is
based on the DFT and the DFPT. The doc is available on the website
WWW.quantum-espresso.org.

For the ground-state properties, you will use the pw.x module, while the
dielectric response and the vibrational modes will be computed via phonon. x.
The analysis is done through dynmat.x and the suite xcrysden. All modules
are pre-installed, no need to download! Remember also that 1 Ryd = 13.6057
ev.

This tutorial is largely inspired by the Ph.D. Thesis work by Philippe Ghosez,
which is available as a pdf file in the pre-installed directory. I highly recommend
reading chapter 7 and some of the quoted references.

13
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FRIDAY 28" August

Rodolphe Vuilleumier — 9h-10h30 — Amphi 15

Path-integral methods
Path-Integrals are a reformulation of quantum dynamics proposed by Feynman.
In the context of statistical mechanics, the quantum canonical partition function
of asystemis shown to be equivalent to the classical canonical partition function
of a system where every atom of the original system is represented by a closed
polymer. The path-integral formulation of quantum mechanics then allows for
the numerical computation of statistical quantities even for large systems in gas
phase or in condensed phase.
In these lectures, we will introduce the path-integral reformulation of quantum
mechanics and the classical isomorphism to a system of polymers for the
computation of the canonical partition function. Numerical aspects of the
sampling of the path-integral will then be discussed.
After quickly presenting some applications of the path-integral formalism to
liquid water and isotope fractionation, we will discuss extension of the path-
integral techniques to time-dependent quantities and, if time allows, Bose-
Einstein statistics.

Michele Casula — 11h-12h30 — Amphi 15

Quantum Monte-Carlo methods
The term “quantum Monte Carlo” refers to a large variety of methods using a
Markov chain to sample the quantum partition function or the wave function. By
playing with random numbers the N-body problem becomes tractable and, in
some cases, exactly solvable, within the statistical noise which is inherent in
any stochastic approach.
In this lecture, we will introduce the quantum Monte Carlo methods used to
sample the wave function of a quantum many-body problem from first principles,
i.e. by including electrons, ions, and the Coulomb interaction among all
particles. The task is to find the exact ground state of any ab initio Hamiltonian
by random numbers. In the lecture we will explain what are the different
approaches to reach (or get close to) this goal, namely the variational Monte
Carlo (VMC), Monte Carlo optimization, and diffusion Monte Carlo (DMC). For
each, the related algorithm, its limits and approximations, success and failures,
will be detailed.
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Computer Lab — 14h-17h — Rooms 22/23 1st floor

Quantum treatment of water dimer
In this practical session, the students will investigate the quantum aspects of
the hydrogen bond in a water dimer. First, the potential energy surface (PES)
will be investigated using QMC and then path-integrals will be used to study the
geometry of the hydrogen bond.
1) QMC and comparison with a flexible and dissociative force-field. The
students will be introduced to the TurboRVB QMC code to perform QMC
calculations of the water dimer. This session will be a practical guide to basis
set, one-body orbitals generation, wawe function ansatz, and energy
minimization of the system under study. Once the setup is ready, a series of
calculations will be carried out to study the QMC PES along the OH bond-
stretching coordinate in the water dimer geometry. Comparison will then be
made with a dissociative force-field along the same reaction coordinate.
2) In a second part, the analytical force-field will be used to model the PES and
the students will use the Path-Integral engine of CP2K to investigate the role of
quantum effects on the structure of a water dimer. We will examine several
aspects of Path-Integral simulations: initialization, convergence with number of
beads, thermostating... Then we will investigate the role of quantum effects on
the hydrogen bond strength and geometry by comparison with classical
simulations. We will amply use \visualization with VMD of the path-integral
polymers to observe the effect of quantum delocalization and we will try to
determine the probability that the water dimer be observed in a HO-...HOH2+
configuration with a spontaneous proton-transfer.

15
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Line defects and induced doping effects in graphene, hexagonal boron
nitride and hybrid BNC

Narjes Ansari ' 2, Fariba Nazari'- ®, Francesc lllas 2 ¢
T Department of Chemistry, Institute for Advanced Studies in Basic Sciences,
Zanjan, Iran
2 Departament de Quimica Fisica & Institut de Quimica Teorica i
Computacional (IQTCUB), Universitat de Barcelona, C/Marti” i Franque's 1,
08028 Barcelona, Spain.
an_ansari@iasbs.ac.ir , ® nazari@iasbs.ac.ir, °francesc.illas @ub.edu

Effects on the atomic structure and electronic properties of two-dimensional graphene
(G) and h-BN sheets related to the coexistence of dopants and defects are investigated
by using densityfunctional theory based methods. Inspired bythe adsorption method®?
and the experimental work of Lahiri et al.® suggesting the possibility of the line defect
creation in graphene and thatthis leads to new and interesting electronic properties, we
are considered two types of extended line defects (ELD) namely, 585-ELD and 5775-
ELD defects for pristine G and h-BN sheets. In these sheets, the presence of individual
doping increases the charge transport character. The coexistence of dopants and
defects tunes the band gap towards lower values and causes the direct—indirect band
gap change. The relative stability and the electronic properties of various BN,C.
systems are analyzed in detail. We find that the structural properties of these types of
systems stronglydepend on the orientation of grain boundaries and whetherthese are
parallel or perpendicular to the extended line defects. The electronic structure analysis
of the different systems evidences the shiftof absorption to the visible region.

Y. Li, R.-Q. Zhang, Z. Linand M. A. Van Hove, Appl. Phys. Lett., 2012, 101, 253105.
2S. Okada, T. Kawaiand K. Nakada, J. Phys. Soc. Jpn., 2011, 80, 3709.

3J. Lahiri, Y. Lin, P. Bozkurt, I. I. Oleynik and M. Batzll, Nat. Nanotechnol.,2010, 5,
326.
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Building a model to explore the transport of water and ionsin a
micrometric sample of clay

Pauline Bacle', Jean-Frangois Dufréche?, Benjamin Rotenberg’, lan C.
Bourg?, Pierre Levitz'!, Virginie Marry!
1Univ. Paris 06, Sorbonne Universités, CNRS, UMR 8234 PHENIX, F-75005
Paris, France
2CEA, CNRS, Université Montpellier, UMR 5257 ICSM, F-34000 Montpellier,
France
3Civil and Environmental Engineering and Princeton Environmental Institute,
Princeton University, Princeton NJ 08544, USA

We present a simple model which enables us to investigate the transport
of water and ionic (Na*, CI) tracers in a micrometric sample of clay. In our model,
the clay particles are modeled by cylindrical platelets the dimensions of which
are calculated according to the density of clay. Furthermore, the cylinders can
owverlap each other, which allows us to reach high densities and thus investigate
the diffusion in highly compacted porous media. We use Brownian Dynamics to
describe the diffusion of the tracers in the sample. Our porous medium consists
of two environments (the platelets and the interparticle pores) and the diffusion
coefficient of the tracer varies with regard to its location within the simulation
box : The diffusion outside the platelet is the same as in the bulk solution but
the diffusion inside the platelets is slowed by the confinement and depends on
the charge of the tracer. The concentrations and the diffusion coefficients in the
interparticle pores and the platelets are used as simulation parameters and are
calculated based on experimental values!'-2l and/or determined from molecular
dynamics simulations[34l. We evaluated the global diffusion coefficients of three
tracers for various densities and salinities from the trajectories of the tracer and
compared the simulations results with experimental data from tracer diffusion
experiments[®!,

[1] Holmboe, M., Wold, S., and Jonsson, M. J. Contam. Hydrol., 128:19-32,
2012.

[2] Malikova, N., Cadéne, A., Marry, V., Dubois, E., and Turq, P. J. Phys. Chem.
B, 110(7):3206-3214, 2006.

[3] Bourg, I. C. and Sposito, G. Environ. Sci. Technol., 44(6):2085-2091, 2010.
[4] Marry, V. and Turq, P. J. Phys. Chem. B, 107:1832-1839, 2003.

[5] Bourg, I. C. and Tournassat, C. Chapitre 6 in: Natural and Engineered Clay
Barriers (Tournassat, C., Steefel, C. |., Bourg, I. C. and Bergaya, F., eds.), vol.
6 of Developments in Clay Science. Elsevier, 15t edition, 2015.
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Methane activation on metal modified oxide catalysts for syngas
production

John J. Carey, Michael Nolan
Tyndall National Institute, University College Cork,Lee Maltings Complex,
Dyke Parade, Cork, Co. Cork, Ireland

The rapidly increasing world population and urbanisation has led to the significant
development of the automotive and transport industries, placing a huge burden on the
supply of natural resources. This growing demand for fossil fuel has considerably
reduced the world's oil reserves, leading to a currentenergycrisis where alternative fuels
are needed.A renewable, environmentally friendly fuel is desirable to reduce, 1) the
strain on non-renewable sources and have a continuous supply, and 2)the concentration
of pollutants in the atmosphere which cause various global problems such smog, acid
rain and crop damage.

The use of degradable bio-organic matter has attracted much interest as a renewable
energy source since it can be broken down to Biogas or bio-oils, which can be used as
a starting material to produce biofuels. Biogasis primarily methane gas (CH4) and has
attracted substantial interest within the area of ‘green chemistry, since through steam
reforming by the water gas shiftreaction, it can be used to create synthetic gas (syngas,
CO + Hy), aprecursorto methanol (CH30H) and higher alkane (biodiesel) production?
The difficulty with activating CH4as a source for syngas lies in the high bond dissociation
energy of 435KJ/mol for breaking the first C-H bond in the gas phase. The rate limitng
stepin the production of syngas is the dissociation of CH4, and in order to facilitate this
large energy requirement, a catalyst is needed to reduce the activation barrier3.
Density functional theory calculations are used to investigate methane activation by
using transition metal modified oxide catalysts to break the initial C-H bond. Copper,
nickel and platinum metals were adsorbed as single, dimer and trimer species, as well
as 7-and 11-atom clusters on a range of non-reducible(MgO) and reducible oxide
supports(CeO2, Cr203, TiO2), to examine the transition metal —metal oxide support
interaction, and to promote the breaking of the C-H bond. The calculations indicate that
the thermodynamic drive to dissociate CH4to CH3 +H is more favorable for metal on
reducible oxides than non-reducible supports. The small dimer and trimer metal s pecies
promote this dissociation over the larger clusters suggesting that the activation of
methane is cluster size dependent. Of the three metals that were examined, Ni shows
the mostpromising metal for methane activation.

[1] Wilhelm, D. J., etal.,Fuel processing technology,(2001),
: 77.1,139-148.
f:;:fe"'n‘f”‘ [2] Lv, Pengmei, et al., Energy Conversion and Management48.4
- (2007): 1132-1139.
Blo 0 ] [3] J. A. Labinger and J. E. Bercaw,Nature,(2002), 417, 507-514.
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Proton conduction in water ices under an electric field

G. Cassone'23, P.V. Giaquinta?, F.Saija', A.M. Saitta3

!Insitute for Chemical-Physical Processes — Italian National Research Council
(CNR)
2University of Messina, Italy
SIMPMC, Université Pierre et Marie Curie — Sorbonne Universités

Proton conduction in aqueous systems under an external or local electric field
is a key phenomenon in many branches of science, from electrolysis to
neurobiology. Howewer, its microscopic description is difficult to achieve
experimentally and only recently it has been studied for the first time with ab
initio methods in bulk liquid water!. Here we report on a detailed systematic first-
principles study of the effect of an external electric field in ordinary hexagonal
ice (phase Ih) and in its proton-ordered counterpart ice (phase X). In particular,
we performed ab initio Molecular Dynamics simulations of both phases and
observed that fields beyond a threshold value of about 0.25 V/A are able to
induce an instantaneous molecular dissociations in both structures. We also
found, quite unexpectedly, that in the case of proton-ordered ice X field
intensities abowve this threshold are also able to induce a series of correlated
proton jumps that are necessary to sustain an ionic current. Instead, in proton-
disordered ice |h field intensities above ~0.35 V/A are required to induce a
permanent proton flow. Curiously, this latter threshold coincides with that
observed in liquid water, suggesting, somehow counterintuitively, that
crystalline order fawors the autoprotolysis phenomenon which, instead, is
hindered by static or dynamic disorder2. Moreower, we studied the topological
dependence of the mechanical and electrical responses of both type of ices by
projecting the electric field along different directions of the crystals. We
discovered that the microscopic mechanism underlying the proton transfer
phenomenon is basically the same between liquid and some solid water phases
and we determined several distinguishing features of such a process?.

[1] A.M. Saitta, F. Saija, and P.V. Giaquinta, Ab Initio Molecular Dynamics Study
of Dissociation of Water under an Electric Field, Phys. Rev. Lett. 108, 207801
(2012).

[2] G. Cassone, P.V. Giaquinta, F. Saija, and A.M. Saitta, Proton Conduction in
Water Ices Under an Electric Field, J. Phys. Chem. B 118, 4419 (2014).

[3] G. Cassone, P.V. Giaquinta, F. Saija, and A.M. Saitta, Effect of Electric Field
Orientation on the Mechanical and Electrical Properties of Water ices: an Ab-
initio study, J. Phys. Chem. B 118, 12717 (2014).
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Carboxylic Acids as Green Corrosion Inhibitors of Aluminium: a First
Principle Study

P. Comnette,' A. Hemeryck,23 D. Costa,' P. Marcus'

TInstitut de Recherche de Chimie Paris, CNRS — Chimie ParisTech (UMR 8247),
Equipe de Physico-Chimie des Surfaces,11 rue Pierre et Marie Curie, 75005 Patris,
France
2 CNRS, LAAS, 7 avenue du Colonel Roche, F-31400 Toulouse, France
3 Univ de Toulouse, LAAS, F-31400 Toulouse, France

During the initiation of localized corrosion of Al or Al alloys, an oxide film is generally
presenton the surface. In a previous work' we showed that the oxide layer may have a
protective character againstthe cathodic reduction of O,, when the oxide film is thick
enough to act as a barrier for electron transfer from the metal to the surface. In contrast,
an ultrathin film (that represents a model of the first moments of passive film growths, or
a zone where the passive film is thinner) does notinhibitthe Oz reduction.’

In the presentwork, two different ultrathin films 2 (=5 A) were considered; theydiffer by
their O:Al ratio, their surface hydroxyl densityand the surface Al atom coordination. Both
supported ultrathin films (see an example Figure 1a) are reactive towards Oy, as
suggested bytheirlow electron workfunction (3-3.6 eV).

a) b)
¥Y¥y

b g
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Figure 1: Ultrathin O-rich oxide AIO2 film on Al(111)(fromref 2), a) hydroxylated b)
hydroxvlated with formation of a full laver of C7H15-COOH carboxvlates.

Then we model the adsorption oflinear carboxylic acids (CA) ((CnH2n+1)-COOH, with n =
0, 3, 7) on the oxide films at different coverages, from % to full monolayer (Figure 1b).
Formation of the CA layer is energetically favourable and increases the electronic
workfunction by0.2-0.3 eV. The oxide films covered with CAbecome unreactive towards
0., which cannot anymore approach the oxide surface. These results suggestthata full
layer of carboxylic acids blocks the cathodic corrosion initiation.

' Atomistic Modeling of Corrosion Resistance: A First Principles Study of O, Reduction on the
Al(111) Surface Covered with a Thin Hydroxylated Alumina Film, D. Costa, T. Ribeiro, F.
Mercuri, G. Pacchioni and P. Marcus, Advanced Materials Interfaces[ Volume 1. (3). P014,
1300072.

20n the early stage of aluminum oxidation: An extraction mechanismvia oxygen cooperation, C.
Lanthony, J. M. Ducéré, M. Djafari Rouhani, A. Hemeryck, A. Esteve J. Chem. Phys. 137,
094707 (2012)
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TMD nanostructures: Evidence for metallic edges
D. Davelou, G. Kopidakis, G. Kioseoglou, I. N. Remediakis
Department of Materials Science and Technology, University of Crete, Greece
Institute for Electronic Structure and Laser (IESL), Foundation for Research
and Technology-Hellas (FORTH), Heraklion, Greece

We present theoretical simulations based on Density-Functional Theory (DFT) for
transition metal dichalcogenide (TMD) nanoribbons. We calculate the electronic band
structure, density of states and optical response of these materials using Grid-based
Projected Augmented Wave (GPAW) package. For MoSz , we observe that in the quasi
1D structure the materials have metallic edges[1]. These results are verified by further
studies in other TMDs including MoSe2, WS> and WSe».

Based on the visualization of wavefunctions atthe HOMO-LUMO states, the density of
states and the static dielectric constant, we confirm the existence of metallic states at
the reconstructed edge ofthe nanoribbon. We studynanoribbons with differentwidths in
orderto find the edge energy of the nanoribbon and the properties ofthe edge states.
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Figure 1:Left: Isosurfaces ofthe electronic wavefunctions at the HOMO state for
a nanoribbon with a width of 6 cells. Mo and S atoms are represented by blue and
yellow spheres, respectively. Different colors correspond to different sign ofthe
wavefunction.Right:Density of states for different widths of MoS> nanoribbons.

[1]D. Davelou, G. Kopidakis, G. Kioseoglou and I. N. Remediakis , Solid State Commun.
19242 (2014)

25

SORBONNE
UNIVERSITES




Computer modeling of molten carbonates
in the Earth mantle’s conditions

E. Desmaele, N. Sator, B. Guillot
Laboratoire de Physique Théorique de la Matiére Condensée, Université
Pierre et Marie Curie (Paris 6), UMR CNRS 7600, 4 place Jussieu, 75252
Paris Cedex 05, France

In the Earth mantle carbon is mainly sequestrated as carbonates. Although
carbonates are minor components (50 to 100 ppmC), they play a non-negligible
role for geodynamics. In COz-rich settings, the presence of carbonates can
inititate a partial melting of the surrounding silicate matrix. The resulting melt,
carbonatitic in nature (SiO2 < 5 wt%), could be the origin of highly conductive
zones probed in the asthenosphere (75-250 km below the surface) by
magnetotelluric soundings.'2 However in spite of recent progress, transport
coe_cients of carbonates at high P-T are hard to constrain in laboratory
experiments.

We use molecular dynamics (MD) to model molten alkali and alkali earth
carbonates, representative of the Earth mantle. An empirical force field (FF) is
deweloped using ab initio calculations as a benchmark.? Introducing this FF in
classical MD calculations, the viscosity and the electrical conductivity of molten
carbonates of various compositions (K, Na, Ca, Mg) are obtained over a wide
P-T range. Our results are found to be in very good agreement with the rare
experimental data of the literature.46

1 Utada, H.; Koyama, T.; Shimizu, H.; Chave, A. D. 2003. A semi-global reference model
for electrical conductivityin the mid-mantle beneath the north Pacific region. Geophysical
Research Letters 30,431-434.

2 Baba, K.; Chawe, A. D.; Evans, R. L.; Hirth, G.; Mackie, R. L. 2006. Mantle dynamics
beneath the East Pacific Rise at 17°S: Insights from the Mantle Electromagnetic and
Tomography (MELT) experiment. Journal of Geophysical Research: Solid Earth 111,
B02101.

3 Vuilleumier,R.; Seitsonen, A,; Sator, N.; Guillot, B. 2014. Structure, equation of state
and transportproperties of molten calcium carbonate (CaCQOz) by atomistic simulations.
Geochimica et Cosmochimica Acta 141, 547-566.

4 Sifre, D.; Gardes, E.; Massuyeau, M.; Hashim, L.; Hier-Majumder, S.; Gaillard, F.
2014 .Electrical conductivity during incipient melting in the oceanic low-velocity zone.
Nature 509, 81-85.

5 Sifr, D.; Hashim, L.; Gaillard, F. 2014. Effects of temperature, pressure and chemical
compositions on the electrical conductivity of carbonated melts and its relationship with
viscosity. Chemical Geology.

6 Kono, Y.; Kenney-Benson, C.; Hummer, D.; Ohfuji, H.; Park, C.; Shen, G.; Wang, Y,;
Kawner, A;; Manning, C.E. 2014. Ultralow viscosityof carbonate melts athigh pressures.
NatCommun 5.
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Viscosity and electrical conductivity of silicate melts by molecular
dynamics simulation

Thomas Dufils, Bertrand Guillot, Nicolas Sator
Laboratoire de Physique Théorique de la Matiéere Condensée, Université
Pierre et Marie Curie (Paris 6), UMR CNRS 7600, 4 place Jussieu, 75252
Paris Cedex 05, France

The dynamic of Earth's interior, and the resulting volcanism (including plate tectonics) is
essentially ruled by the melt that composes the mantle (between ~35 and 2900km
depth), though it represents a small fraction of it (only ~1% in mass). Because of the
mantle thermodynamic conditions (both temperature and pressure) and the wide range
of chemical composition ofthese melts, numerical simulations can be a useful guide for
experiments. Here we use classical molecular dynamics, which consists in modeling the
system as an ensemble of particle interacting through an effective potential. Such a
potential for silicate melts has been developed!'? to describe with good accuracy
thermodynamic and structural properties of a large varietyof magmatic liquids. Howeer,
their transport properties are described with less accuracy. A recentimprovement of this
potential allow us to study the transport properties of the silicate melts with a better
accuracy as well. We will focus here on two of them, the viscosity and the electrical
conductivity.

The viscosity is a key transport property of the melts, since it rules their dynamics in
the mantle, and the eruptive style when those melts reachthe surface. We will show how
MD simulations may be exploited to calculate the viscosity, with the Green-Kubo
formalismBl. The results of our viscosity calculations for various melt compositions will
be compared with data ofthe literature. A special attention will be payed to the pressure
dependence.

Although the electrical conductivity does not play a majorrole in the mantle dynamic,
it can be measured bymagnetotelluric sounding, and may give us indications aboutthe
presence of meltand its chemical composition (presence of water, carbonates and other
conductive elements). We will show how MD simulations can be exploited to evaluate
the electrical conductivity. We will compare our results with experimental data for
several melt compositions, and test the validity of the Nernst-Einstein relation. A
particular attention will be payed to the temperature-pressure of the electrical
conductivity.

[1] Guillot B., Sator N. 2007. A computer simulation studyof natural silicate melts. Part
I: Low pressure properties. Geochimica et Cosmochimica Acta 71 1249-1265

[2] Guillot B., Sator N. 2007. A computer simulation studyof natural silicate melts. Part
IIl: High pressure properties. Geochimica et Cosmochimica Acta 71 4538-4556

[3] Kubo R. 1966. The fluctuation-dissipation theorem. Rep. Progress. Phys. 29, 255-
284
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Computational Modelling of Atomic Layer Deposition of Silicon Carbide

Ekaterina Filatova', Simon Elliott!, Dennis Hausmann?2
"Tyndall National Institute, University College Cork, Cork, Ireland
2l am Research Corp. 11155 SW Leveton Dr. Tualatin, OR 97062-8094, USA

Silicon carbide (SiC) is a promising material for electronic devices. It is harder
than Si and can sustain higher woltages, carry higher currents and operate at
higher temperatures. Using SiC-based films instead of Si for high-aspect-ratio
surfaces can hawve various applications for nanoelectronics, e.g. in copper
interconnect to prevent diffusion between Cu and dielectric. SiC-based films are
currently deposited using chemical vapour deposition (CVD). Atomic layer
deposition (ALD) is a cyclic thin film deposition technique that provides higher
conformality than CVD.

We have performed atomic-scale modelling to investigate routes towards the
ALD of SiC-based films. Density functional theory (DFT) is used to investigate
the potential reactions for ALD of SiC by computing reaction energetics for SiC
from various silicon and carbon precursors, based on the assumption that low-
temperature ALD is only possible for highly exoergic reactions. Including the
effects of temperature allowed us to validate the approach for known precursor
combinations for CVD at e.g. 1600°C. The most favourable ALD reactions were
found to be those using disilane (Si2He), trichlorosilane (SiHCI3) and silane
(SiH4) as silicon precursors, while the least favourable inwolved tetrafluorosilane
(SiF4) and tetrachlorosilane (SiCls). There is more flexibility in the choice of
carbon precursor, although we predict unsaturated hydrocarbons to be slightly
more reactive. This correlates with the computed electronic structure of the
precursors.

To investigate reaction pathways on actual surfaces during ALD, models for
bare and H-terminated SiC (0 1 1) were deweloped. Reaction pathways were
determined for disilane with these surfaces. The pathways with lowest activation
energies are highlighted as the most promising routes for SiC ALD.

28

SORBONNE
UNIVERSITES




y of LaMnOs for intermediate temperature
SOFC cathodes

Ailbhe L. Gavin, Prof. Graeme W. Watson
School of Chemistry and CRANN, Trinity College Dublin, Dublin

LaMnOs-based perovskites havwe been widely studied as catalysts for the
oxygen reduction reaction in high temperature solid oxide fuel cells (SOFCs).
Due to the high costs associated with present generation SOFCs, further
research is required to reduce the operating temperature and improve their
efficiency. Previous studies of LaMnOs focused on the high temperature cubic
phase. Here, the orthorhombic phase is examined for LaMnOzs-based cathode
materials for use in intermediate temperature (600 — 800 K) SOFCs.

The performance of the PBE [1], PBEsol [2] and HSEO06 [3] functionals are
assessed here for the investigation of the bulk physical and electronic properties
of LaMnOs. Orthorhombic LaMnO3 has a distorted perovskite structure, with a
combination of GdFeOs-type and Jahn-Teller distortions. PBE has been
reported to reproduce the experimental wlume to within 1%, but shows poor
performance in predicting the lattice distortions and electronic structure.[4] The
effect of including a U term on the Mn 3d states and O 2p states on both the
physical and electronic structures is investigated here.

The effect of using the hybrid HSEQO6 functional is also tested for the calculation
of the bulk properties of LaMnQOs.

Surface studies are carried using the functional showing the best performance
for the description of bulk LaMnOs. The surface energies are calculated for the
most stable terminations of the low index surfaces, and the order of surface
stability is examined.

[1] J. P. Perdew et al., Phys. Rev. Lett., 1996, 77, 3865 — 3868
[2] J. P. Perdew et al., Phys. Rev. Lett., 2008, 100, 136406

[3] J. Heyd et al., J. Chem. Phys., 2006, 124, 219906

[4] T. Hashimoto et al., Phys. Rev. B, 2010, 2010, 045124
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Understanding the stability of crystallographic phases in yttria doped
zirconia: From ab-initio calculations

Abel G. Gebresilassie!, Laurent Gremillard!, Jérdme Chevalier!, Tristan
Albaret?
'MATEIS, INSA de Lyon, Batiment Blaise Pascal, 7, Avenue Jean Capelle, 69621
Villeurbanne,FRANCE
2Université Claude Bernard Lyon 1 Campus LyonTech- La Doua Bétiment Kastler, 10
rue Ada Byron 69622 Villeurbanne CEDEX, FRANCE

Zirconia (ZrO2) based ceramics are w idely used for biomedical applications, especially in dental
implants and for hip prosthesis applications. The success of zirconia in these fields is related to the
reinforcement of the material thanks to the phase transformation from a metastable tetragonal
phase to a more stable monoclinic phase in the presence of mechanical stresses. This
phenomenon, w hich essentially concerns ZrO2 ceramics stablized by yttrium oxide (Y203), fist
discovered by Garvie et. al. [1]is called phase transformation toughening (PTT). Unfortunately, the
same phenomena can occur in an uncontrolled way w hen the system lies in a water rich
environment. This transformation in the presence of w ater is often refered as “low temperature
degradation” (LTD) or “aging”[2,3]. Even at room temperature it can lead, if uncontrolled, to the
failure of implants. There is therefore aneed to develop zirconia based ceramics and composites
stabilized in their tetragonal state after processing, able to transform under stress but not in the
presence of water. However, after 20 years of research and hundreds of papers, there are stillopen
questions on the mechanisms by w hich zirconia is stabilized in the tetragonal state, how dopants
act to modify the stability of the different crystallographic phases and on the physico-chemistry of
aging of zirconia bioceramics.

In this framew ork we performed electronic structure calculations mainly based on density functional
theory (DFT) on Yttria Stabilized Zirconia (Y SZ). We investigated the equilibrium structures of YSZ
up to 14.28 mol.% of yttria content and the preferential positioning of oxygen vacancies, w hich are
created as result of doping for charge balance in the system, w ith respect to the cations (Zr4+,Y3+)
in the matrix. According to our calculations, unlike some other findings [4], there is no trend to folow
for finding oxygen vacancy positions with respect to the cations and to each other, when we go from
low to high concentration of yttria in the matrix. At 3.225 Mol% of yttria concentration, w hich is the
concentration used for application purposes in most biomedical implants, oxygen vacancies prefer
to sit as nearest neighbour (NN) to yttrium ions in the monoclinic phase and as next nearest
neighbour (NNN) to yttrium ions in the tetragonal and cubic phases. The reasons are due to
electrostatic interaction, local relaxation effects of the ions around the vacancies and coordination
number of yttrium.

The general goal in our simulations is also to investigate the elementary mechanisms at the origin
of the LTD in YSZ. In their range of validity (low temperature and pressure) our results are consistent
w ith the most recent phase diagrams of Y SZ [2]. After a subsequent charge analysis we could show
that the role of the dopant can be understood as a perturbation of the iono-covalent character of the
bonds in the ZrO2 matrix. Finally w e obtained preliminary structural results (including volume
variations) upon filing the oxygen vacancies with OH- groups w hich are believed to come from the
dissociation of w ater molecules w hich suggest a possible mechanism for the low temperature
degradation of YSZ.

1. Garvie, R C,, Hannik, R. H., Pascoe, R. T. Nature 1975,258,703-704.
2. Journal of the American Ceramic Society,Chevalier et al. Vol. 92, No. 9
3. DENTAL MATERIALS 26 (2010) 807-820

4. H.Ding et al./ Solid State lonics (2012), 215,16-23
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Thermodynamic Interpretation of Ti and Re Precipitates in Dilute
Tungsten Alloys from First Principles Calculations

Leili Gharaee', Jaime Marian?, Paul Erhart!
"Department of Applied Physics, Chalmers University of Technology, S-412 67
Gothenburg, Sweden
2L awrence Livermore National Laboratory, Livermore, California 94551, USA

Modeling of the micro-structural ewolution of tungsten material under irradiation
condition is immensely complicated yet essential for prediction of mechanical
properties and possible failures.

Experimental studies [1] of compositional changes by neutron irradiation in
tungsten have shown that rhenium is precipitated as plate or needle-like
configurations inthe {110} plane, for a dose and irradiation temperature of 1.54
dpa and 750 C respectively, however no detailed explanation has yet been
provided for this behavior.

In this work, the properties of dilute tungsten alloys have been studied by means
of first-principles calculations based on density functional theory. Calculations
have been performed on Ti and Re di-interstitials in body-centered-cubic
tungsten crystal, and fully relaxed structures of all possible di-interstitial
configurations have been considered.

Our results show that Ti and Re impurity atoms bind to and trap interstitials.
They consequently form mixed-interstitial defects, which relax to a tilted
configuration along crowdion direction . Due to the relatively fast 3-dimensional
diffusion of mixed-interstitials compared to vacancies, the former migrate, meet
and bind to each other. These pairs of mixed-interstitials are strongly bound,
which leads to the formation of a meta-stable state.

It is important to point out that the formation of this metastable state does not
require vacancy assistance. As soon as the binding happens, howewer, the
defect mobility is suppressed and annihilation cannot happen in the same time
scale. Our calculations show that the mixed-interstitial pairs align along <111>
direction, which could be a possible explanation for experimentally observed
needle-like configurations in Ref. [1].

[1] Tanno, Takashi and Hasegawa, Akira and Fujiwara, Mitsuhiro and He, Jian-
Chao and Nogami, Shuhei and Satou, Manabu and Shishido, Toetsu and Abe,
Katsunori, Materials transactions 49, 10 (2008)
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Density functional theory study of adsorption of azoles on
oxidized copper surfaces: Cu20(111) and Cu20(111)-w/0-CUS

Dunja Gustinci¢, Anton Kokalj
Dept. of Physical and Organic chemistry, JoZef Stefan Institute, Jamova 39,
Ljubljana, Slovenia

Azoles and their derivatives are among efficient organic corrosion inhibitors for copper
[11. In order to explain the adsorption of azoles on oxidized copper surfaces, we have
studied by means ofdensityfunctional theory (DFT) molecular modeling the interaction
of imidazole, triazole, and tetrazole with Cu2O surfaces. Surfaces were modeled by
periodic slab model composed of several atomic layers. Atomistic computer simulations
were performed with the PWscf code from the Quantum ESPRESSO distribution [2],
using plane-wave basis set with ultra soft pseudopotentials and PBE functional [3].
The most stable Cu20 surfaces are Cu20O(111)-w/o-CUS and Cu20(110):CuO, both of
which are non-stoichiometric, while stoichiometric Cu20(111) surface is less stable [4].
The latter contains two distinct copper sites, coordinatively saturated (CSA) and
unsaturated (CUS) (see the Fig. 1a), whereas Cu20(111)-w/o-CUS lacks the CUS sifes.
Results show thatall three azoles bind weaklyto CSA sites of Cu20(111)-w/o-CUS with
the adsorption energy of about —0.5 eV, whereas they adsorb considerably stronger to
CUS sites of Cu20(111) with the adsorption energyofabout —1.7 eV. Calculated values
imply that bonding to CUS sites is so strong that it compensates the thermodynamic
deficiency of stoichiometric Cu20(111) thus making it more stable than non-
stoichiometric Cu20(111)-w/o-CUS (see the Fig. 1b.c). Phase diagram (Fig. 1¢) for
triazole on the Cu20(111)and Cu20(111)-w/o-CUS reveals thatadsorption at CUS sites
(green region) prevails over the adsorption at CSA sites (yellow region). From current
results itcan be suggested thatthe corrosion inhibition capabilityof azoles steams from
their ability to passivate the reactive surface sites.

b) . Ou Ou_[C)

Cu,0(111)

[

Surface free energy (meV/A?)

Molecular chemical potential (eV)
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Figure 1: a) Structure of Cu,O(111) surface with indicated coordinatively saturated (CSA) and
unsaturated (CUS) sites. b) Surface free energy as a function of oxygen chemical potential and its
stabilization due to molecular adsorption at CSA and CUS sites. c) Phase diagram for adsorption
of triazole on considered Cu.O surfaces.

[11 M. M. Antoniievi¢, M. B. Petrovi¢, Int. J. Blectrochem. Sci., 2008, 3, 1-28.

[2] P. Giannozziet al., J. Phys.: Condens. Matter., 2009, 21, 395502.

[31J. P. Perdew, K. Burke, M. Ernzerhof, Phys. Rev. Lett., 1996, 77, 3865-3868.

[4] A. Soon, M. Todorova, B. Delley, C. Stampfl, Phys. Rev. B, 2007, 75, 125420—-125429.
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Prediction of branching polymerization of cyanoacrylate polymers from
density functional theory

Hayrensa Ablat, Simon D. Elliott
Tyndall National Institute, University College Cork, Lee Maltings, Prospect
Row, Cork, Ireland

Cyanoacrylates (CA) are the main raw material of superglue and are used widely in
industrial applications due to their adhesive properties on polymerization. In this study,
calculations based on densityfunctional theory (DFT) and DFT with dispersion correcfion
(DFT-D3) have been carried out to investigate the anionic polymerization process of
methyl cyanoacrylate and other commonly-used CAmonomers. We calculate the gas-
phase geometric and electronic structures of short sections ofthe polymers and hence
their polymerization energy. It is found that the polymerization energies become nearly
constantafter the attachmentof three or more monomers. We also find that dispersion
contributes a near-constant 62% increase in adhesion between monomers (Figure 1).
The frontier molecular orbitals (MOs) of the growing polymer and of the monomer are
also analyzed to understand the charge distribution during polymerization. For the
methyl-CA polymers up to eight monomers long, the highestoccupied molecular orbital
(HOMO) is located at the growing end of the polymer chain and this is where
polymerization takes place, in agreementwith the standard mechanism. However as the
polymer chain becomes longer, we find that this HOMO becomes degenerate with an
MO at the other end of the chain (Figure 2), so that this is where monomers mayattach
instead. Therefore we conclude that the methyl cyanoacrylate polymers may have
branches starting from the 9th degree of polymerization.

- ;‘ig‘
5 sl J— R,
2 . Yo
w / ,JN —=—DFT Y MR RS .
5 | | Y/ |—e—oFTD3 Rl il
2 / / .
2w [ Ho——y s
E 280 | F—0 Q"
g o b
= 00 .j AN P $.é h ."r *"'
° 350 o 4 ; ‘,. 0’
Degree of methyl-CA polymerization X (X=1,2...13) -
. L Figure 2: Optimized structure and fiontier orbitals of
Figure 1: Polymerization energy ffomDFT and the 13" degree polymer of methyl-CA. As these
DFT-D3 as orbitals are degenerate, further polymerization may

a function of polymerization degree. take place at either end of the chain.
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Atomistic Simulations of Dislocation-Interface Interactions in the y/y’
Microstructure in Ni-base Superalloys in Idealized and Experimentally-
informed Samples

Frédéric Houllé, Aruna Prakash, Juan Wang, Julien Guénolé, Johannes J.
Moller, Erik Bitzek
Friedrich-Alexander-Universitdt Erlangen-Nimberg (FAU),
Department of Materials Science and Engineering, Institute |, MartenstraBBe 5,
91058, Erlangen, Germany

The superior strength of single crystalline Ni-base superalloys is mainly caused
by the high wolume fraction of the cuboidal L12 ordered y’' hardening phase
which is precipitated in a disordered face-centered cubic y matrix. The
strengthening effect is rooted in the difficulty of channel dislocations to cut into
the y’-precipitate. The interaction of dislocations with the y/y’ interphase
boundary (IPB) is an inherently atomistic problem. A quantitative determination
of the critical resolved shear stress required for dislocations in the y matrix to
penetrate into the y’ phase is therefore difficult to obtain from experiments.
Although atomistic simulations are ideally suited to study this process, only very
few studies exist in the literature. Idealized samples with periodic boundary
conditions modelling infinite dislocations are well suited for quantitative studies,
however, simplifications like the use of perfectly planar IPBs might artificially
suppress important dislocation mechanisms.

Here we report on studies on dislocation cutting into the y’ phase. In the first,

quasistatic simulations are performed on infinite straight dislocations interacting
with a coherent planar (100) IPB in a quasi-2D atomistic simulation setup in
order to determine the critical resolved shear stress Tc. Tc is subsequently
correlated with potential properties like the antiphase boundary (APB) energy.
This information is important for mesoscale models, e.g. discrete dislocation
dynamics (DDD) simulations.
In the second, a realistic atomistic sample is reconstructed from atom probe
tomography data using a novel method. Molecular dynamics simulations on this
sample allow the study of the influence of the local interface curvature on the
formation of a misfit dislocation network and on the interaction modes between
channel dislocations and the network. We will also present preliminary results
on the influence of the local chemical composition for both of the
aforementioned atomistic setups.
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Microstructural evolution of martensite at low temperature

Dmytro Kandaskalov, Phillipe Maugis
Aix-Marseille Université, CNRS, IM2NP UMR 7334, St. Jéréme, 13397
Marseille, France

Steel is the structural material by far the most used by man, and its role in the global
economyis paramount. Some Fe-C phases are of crucial importance in the design of
the material properties ofsteels and ferrous alloys [1]. Amongits various forms of Fe-C
structures, the martensite is one with higheststrength.

However, the martensite is not stable at room temperatures, and decomposes infto an
inhomogeneous structure consisting of Fe- and C-rich nanodomains. This
decomposition is accompanied by an evolution of the mechanical properties of the
martensite. The mechanism of this evolution is still not clearly identified, whereas its
understanding is essential to control the evolution of properties of steels during service
and to develop new grades of high steels.

The main objective of our work is to address this lack of basic knowledge related to
martensite low temperature ageing, mostlikelyby spinodal decomposition toward ferrite
(a-Fe wt%C=0%) and some rich C domains (Wt%C=11%) of unknown structure [2].
Theoretically several structures have been proposed and the most prominent among
them is the tetragonal a”’-Fe16C2 ordered phase [3].

Our theoretical DFT work consistin the study of fundamental properties of a”’-Fe16C2
phase as structural, electronic, magnetic, vibrational and elastic properties to understand
better the stability of this phase relatively to the other phases ofthe same composition.
Then the interfaces a”’-Fe16C2/a-Fe have been modeled to studythe effect of the misfit
strains as function of the thickness of both layers. Secondly to elucidate martensite
decomposition by spinodal mechanism we have studied some thermodynamic
properties of intermediate compounds Fe16Cx (0<x<2). The data was treated by SQS
(special quasi-random structures) approach to model the properties ofreal non periodic
material [4]. We have shown that there are some compositions where the formation
enthalpy is endothermic. Also the C-C interactions have been discussed and we haw
determined that chemical contribution is only important for the first two shells and the
strain-induced interactions become dominant further.

[1] L. J. Hofer and E. M. Cohn, Nature 167,977 (1951)and M. Taneike, F. Abe, and K.
Sawada, Nature 424, 294 (2003)

[2] K.A. Taylor and M. Cohen, Progr. in Mater. Sci, 225 (1992) and C. Zhu, A. Cerezo,
G. Smith, Ultramicroscopy 109, 545 (2009)

[3] C.V. Sinclair, M. Perez, R. G. A. Veiga, A. Weck, Phys. Rev. B, 81,224204 (2010)
[4] A. Zunger, S.H. Wei, L.G. Ferreira, and IE. Bernard, Phys. Rev. Lett. 65, 353 (1990)
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Structural and dielectric properties of the Ruddlesden-Popper
Ba2ZrO4 structure from first-principles

Lydie Louis, Serge M. Nakhmanson
Department of Materials Science & Engineering, and Institute of Materials
Science, University of Connecticut, Storrs, Connecticut 06269, USA

Using first-principles computational techniques, we have investigated structural,
vibrational and dielectric properties of a Ruddlesden-Popper-type layered oxide Ba>ZrO4
compound subjected to biaxial epitaxial strain (see Figure 1). Under varying levels of
strain this system undergoes a variety of interesting phase transitions. Specifically, in
compression incommensurate (IC) structural distortions are found, while in tension, the
original centrosymmetric structure becomes unstable — first with respect to
antiferrodistortive oxygen cage rotations and then also with respectto in-plane polar
distortions. Under compressive strains this compound experiences anincommensurate
distortion characterized byplanar displacements ofindividual perovskite slabs awayfrom
their high synmmetrypositions.
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For both incommensurate-to-commensurate and nonpolar-to-polar phase
transformations we identify anomalies in the static dielectricresponse, however, onlyin
the latter case a divergence of the dielectric constantis observed. Furthermore, we can
attribute the unusually high dielectric response of the system in the polar phase to an
emergence ofa Goldstone-like excitation that, unlike in the previously reported case [1],
does notrequire the presence of PbZ* or other electron lone-pair active ions.

Since BaxZrO4 displays a yet poorly understood tendency to absorb small molecules,
such as water and COz, acquiring better insights into the physical underpinnings of its
behavior can produce more efficient functional materials for applications in advanced
technologies for carbon sequestration.

[1]1S. M. Nakhmanson and I. Naumov, “Goldstone-like states in a layered perovskite with
frustrated polarization: A first-principles investigation of PbSr2Ti207,” Phys. Rev. Lett.,
vol. 104, p. 097601, Mar 2010.
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Comparison of interatomic potentials for samarium doped ceria for solid
oxide fuel cell applications

Aoife K. Lucid, Graeme W. Watson
School of Chemistry and CRANN, Trinity College Dublin, College Green,
Dublin 2, Ireland

Current solid oxide fuel cells (SOFCs) require temperatures in the region of
1000°C to operate. This is primarily due to the fact that current SOFC
electrolytes, such as ytrria stabilized zirconia (YSZ), require high temperatures
in order for sufficient ionic diffusion of the O% ions to occur.[1] It has been
suggested that replacing YSZ with samarium doped ceria (SDC) would reduce
the operating temperature of SOFCs into the intermediate temperature (IT)
range of 600-800°C, thus greatly reducing operating costs and increasing
efficiency.[2]

Classical molecular dynamics can be used to investigate ionic conductivity and
its limitations in these systems. Here we compare the performance of two
interatomic potentials derived for SDC from ab initio data, a dipole polarizable
ionic model (DIPPIM) and a rigid ion model (RIM) [3] The DIPPIM allows for
polarization effects resulting from induced dipoles whereas the RIM does not.
In this study we aim to elucidate whether or not this system can be modelled
successfully using a RIM or if a DIPPIM is necessary due to the large
polarization effects caused by the presence of O% ions.

[1]1 A. Boudghene Stambouli et al, Renew. Sust. Energ. Rev., 2002, 6, 433-455
[2] H. Inaba et al, Solid State lonics, 1996, 83, 1-16
[3] M.J. Castiglione et al, J. Phys: Condens. Matter, 1991, 11 9009-9024
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Investigation of partial melting of Earth's mantle
by classical molecular dynamics simulation

Boris Mantisi, Nicolas Sator, Bertrand Guillot
Sorbonne Universités, UPMC Univ Paris 06, UMR 7600, LPTMC, F 75005,
Paris, France

Partial melting plays a key role in the seismic and conductivity anomalies obsened in
the asthenosphere. Here we investigate by molecular dynamics simulation the trans port
properties of two model systems in partial melting, an ultrafine-grained olivine (main
crystalline constituant of the Earth's mantle) and a polycrystalline olivine (San Carlos)
wetted by a MORB melt. The advantage of atomistic simulations is to provide a clear
picture at the atomic scale oftransport mechanisms acting in interphase boundaries. For
the ultrafine-agrained olivine (see the figure), we found that diffusion of elements through
grain boundaries is several orders of magnitude greater thatin the crystal structure. The
activation energy of the electrical conductivity of the simulated system is in good
agreement with the experimental data [1] although its magnitude is one order of
magnitude too high, because of the small
arain size investigated (~0.02 u). More than
90% of the calculated conductivity is
generated by the diffusion of Mg and Fe
atoms within the grain boundaries the rest of
it being generated by the slower diffusion of
elements located in the first boundary laver
of the grains. Moreover, the conductivity of
the simulated olivine increases significantly
with the Fe concentration, as obsened
experimentally [11. With regard to the
olivine-basalt system (2 wt% MORB), the
calculated electrical conductivity is in
agreement with experimental data [2]
whereas the conductivity of the meltalone is
evaluated and compared with that of the

total system (Archie’s law). The effect of the O.F _30 A
temperature, the pressure, the grain size, Atomic displacement after 3ns

and the meltfraction are also discussed. in polycrystalline olivine at 1700K and 1GPa.

[11 DaiL. and Karato S. (2014), Influence of FeO and H on the electrical conductivity of
olivine, Phys Earth. Planet. Inter. 237,73-79.

[2] Yoshino T., Laumonier M., Mclsaac E., and Katsura T. (2010), Electrical conductivity
of basaltic and carbonatite melt-bearing peridotites at high pressures: Implications for
meltdistribution and meltfraction in the upper mantle, Earth Planet. Sci. Lett. 295, 593-
602.
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Highly efficient parallel molecular dynamics using temperature-
dependent effective potential method

Igor Mosyagin ! 2 a, Olle Hellman': 3, Weine Olovsson ', Sergei Simak !, Igor
Abrikosov 1 2
"Department of Physics (IFM), Linkdping University, SE-58183 Linkdping,
Sweden
2Materials Modeling and Development Laboratory, NUST MISIS, RU-119991
Moscow, Russia
3Department of Applied Physics and Materials Science, California Institute of
Technology, Pasadena, California US-91125, USA

Ab initio molecular dynamics simulations are computationally demanding,
especially for complex systems with large supercells. In this work we introduce
a way to improve the speed of a simulations by using temperature-depend ent
effective potential method (TDEP). By obtaining the force constants matrix, we
can construct random uncorrelated starting points for simulation, effectively
making it embarrassingly parallel. We also show that for the model system of
hcp Fe the obtained thermal equation of state at 2000K, as a model problem, is
in excellent agreement with state-of-the-art quasiharmonic approximation.
Moreover, this method can be used for simulations where the quasiharmonic
approximation fails, since TDEP method accounts explicitly for the anharmonic
contributions.

[1] Vienna Ab initio simulation package, http://www.vasp.at/

[2] O. Hellman, 1. A. Abrikosov, and S.I. Simak, Phys. Rev. B 84, 180301 (2011).
[3] Olle Hellman, Peter Steneteg, I. Abrikosov, and S. Simak, Physical Review
B 87(10), 104111 2013).

[4] Xianwei Sha and R. E. Cohen, Physical Review B 81(9), 094105 (2010)
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Fully quantum dynamics of proton transfer in aqueous systems:
the case study of the Zundel ion

Félix Mouhat!, Michele Casula', Rodolphe Vuilleumier?, Sandro Sorella3,
Antonino Marco Saitta’

TIMPMC, Université Pierre et Marie Curie, 4 place Jussieu 75005 Paris,
France

2 Péle de Physico-Chimie Théorique, ENS, 24 rue Lhomond 75005 Paris,
France

3 International School for Advanced Studies (SISSA), Via Beirut 2,4 34014

Trieste, Italy

In this project, we dewelop and implement a new method which combines
accurate Quantum Monte Carlo (QMC) calculations of the electronic
contributions, with a Path Integral Langevin Dynamics (PILD) approach for the
ionic part, in order to take into account thermal and quantum effects affecting
the dynamics of hydrogen in water. While the QMC framework based on a
many-body wavefunction, guarantees the necessary accuracy to describe the
dispersive intermolecular forces, the PILD is able to provide a fully quantum
treatment of protons by efficiently dealing with the intrinsic noise present in the
QMC forces. The combination of the two approaches, i.e. QMC and PILD,
represents an original and powerful tool to ovwercome the numerical and
theoretical bottlenecks of proton dynamics simulations in water and aqueous
systems. The first test case tackled in this project is the hydrogenated water
dimer (Zundel ion), whose energy surface has been accurately resolved at the
QMC level of theory [1]. Moreower, this system represents an ideal benchmark
for our new method since it has been widely studied both theoretically and
experimentally in the last fifty years. We have confirmed that, in this system,
quantum nuclear effects (NQE) are important even at room temperature. The
natural extension of this project is to apply our method to larger model ions and
water clusters and to study the proton transfer in water and aqueous systems.

[11 M. Dagrada, Michele Casula, Antonino M. Saitta, Sandro Sorella, and
Francesco Mauri, Quantum Monte Carlo Study of the Protonated Water Dimer,
J. Chem. Theory Comp. 10, 1980 (2014)
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Charge Transport Properties of Phenacene under High Pressure

Thao P. Nguyen', and Ji Hoon Shim*2
T Department of Chemistry, Pohang University of Science and Technology,
Pohang, 790-784, Korea
2 Division of Advanced Nuclear Engineering, Pohang University of Science
and Technology, Pohang, 790-784, Korea

Organic semiconductors (OSCs) have been suggested as promising materials for
semiconductor devices. They are lighter, more flexible, low cost and easier shaping
compared to copper, silicon or other inorganic materials. Furthermore, PAHs are made
entirely of carbon and hydrogen which can be biodegradable in the environment
Extraordinary features of PAHs include strong electron-electron, electron-phonon
interaction and the 1 electrons which are delocalized throughout the crystal giving the
dramatic increase in metallic conductivity. Among the most popular PAHs, phenacene
homologous series was reported to be a good candidate for p-type semiconductor that
attracted a great attention due to its high hole mobilityand their air stability [1]. Thus,in
this study, we investigate the charge transport properties of phenacene series using
density functional theory (DFT) calculations and classical Marcus charge transport
theory underthe effect of hydrostatic pressure. The pressure is thoughtto squeeze the
crystal structures into smaller packs and therefore, decrease the intermolecular distance
giving the changes in charge transport properties of the materials [2]. Despite of highly
compression, the molecular structures of three materials remain stable. Under the
applied pressure, the mobility of phenanthrene, chrysene and picene increase
dramatically. Of these, chrysene shows the transition from p-type semiconductor into
ambipolar semiconductor under 1.4-2.6 GPa. Interestingly, chrysene behaves as an n-
type semiconductorunderthe appliedpressure ofabove 3 GPa. On the other hand, both
phenanthrene and picene still exhibit the p-type characteristic under high compressed
pressure. However, between pressures of about 3.12 - 4.28 GPa, the herringbone
structures and = — & stacking structures produce approximately the same mobility in
picene crystals. Thus, the material is found to transform from an anisotropic mobility
characteristic to an isotropic mobility in ab* plane and the transport properties are
independentto the hoppingdirections. We also found that, the bulk modulus represented
for the resistance ofthe material under pressure compression follow a linear relationship
with molecularlength.

[1] Thao, P. N.; Shim,J. H.; Lee, J. Y. DensityFunctional Theory Studies of Hole

Mobility in Picene and Pentacene Crystals. J. Phys. Chem. C, 2015, 119, 11301-
11310.

[2] Chandrasekhar, M.; Guha, S.; Graupner.; W. Squeezing Organic Conjugated

Molecules-Whatdoes one learn? Adv. Mater. 2001, 13,613-618.
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DFT study of CO adsorption on Aus clusters supported on TiO2(110)

Tomasz Pabisiak, tukasz Matys, Adam Kiejna

Institute of Experimental Physics, University of Wroctaw, pl. M. Borna 9.
PL50204 Wroctaw, Poland

The search for novel catalysts for reduction of highly toxic monoxides, like CO
is a very important issue in modern materials and surface science. Small gold
nanoparticles composed of few to several atoms dispersed on reducible metal
oxide surfaces are very promising complex for such oxidation reactions. The
efficiency and durability of Au/metal-oxide catalysts depend strongly on the size
and shape of Au nanoparticles. However, the functional shape and thus the
properties of these nanoparticles are often significantly modified by coadsorbed
molecules.

We present spin-polarized density functional theory (DFT) studies on CO
coadsorption on two types of the Aus clusters of different geometries supported
on the reduced TiO2(110) surface. Clusters of both 3D and linear (row-like)
structure [1] were investigated in order to compare their stability and properties
in a presence of coadsorbed CO. On both Aug clusters several adsorption sites
located on the cluster and its vicinity were examined. The binding of CO
molecule depends on both adsorption site and the type of gold cluster. In
general, the 3D cluster binds CO much stronger than linear one and for both
clusters their shape is significantly changed. However, an row-like cluster is
more flexible and better recovers its primary structure and functionality after CO
is removed. Changes in the geometric and electronic structure of the Ausg
clusters and the oxide support induced by the adsorbed CO are discussed.

[1] T. Pabisiak, A. Kiejna, Surf. Sci. 605 (2011) 668.
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Study of silica nanoparticles/polymer hydrogel nanocomposite within
DFT framework

Elsa Perrin', Marie-Laure Bocquet', Frangois-Xavier CoudertZ, Anne Boutin'
T Chemistry Department, Ecole normale supérieure, 24 rue Lhomond, 75005
Paris, France
2 Chimie ParisTech, CNRS and Université Pierre et Marie Curie, 11 rue Pierre
et Marie Curie, 75005 Paris, France

The design of nanocomposite materials is a fast-growing field with many novel and
exciting materials such as nanocomposite polymer hydrogels. Such materials can
displayan amazng array of mechanical, thermal, and catalytic properties. In particular,
the coupling between the chemistry of adsorption and the resulting mechanical
properties has been poorlyexplored.

Recently a genius way has been found to glue together two polymer gels using
nanocomposite materials made bypolymers and silica nanoparticles. Indeed, itis difficult
to glue together polymer gels because it requires chemical reactions, pH changes or
heating. Hence it is proposed for the first time that spreading a droplet of a silica
nanoparticle solution on the surface of one gel and then bringing a second gel into
contactwith it leads to strong adhesionbetweenthe two gels of poly(dimethylacrylamide)
(PDAM) [1] . Intriguingly it has been shown that PAM does not adsorb onto silica [2]
whereas PDAM adsorbs [3].

However, the interaction between the polymer network and the nanoparticles is still not
well quantified. Modeling the interactions between polymers and silica particles at the
quantum level, using Densityfunctional theory (DFT), will allow us to getinsighton the
adsorption energyofthe polymers on the nanoparticles surface. We first considered one
unit of polymer, a monomer, adsorbed on different silica surfaces. At this level of
complexity, no adsorption difference was observed between PAMand PDAM and values
are typical for H-bonding interaction. We then considered ten units of polymer, a
decamer. In this case the PAM decamer adsorbs more strongly (with 1 eV difference) on
silica surface than the PDAM decamer. Our results show that PDAM is more labile on
the silica surface than PAM, leading to a nanocomposite material which could rapidly
recover its mechanical properties.

[1] S. Rose, A. Prevoteau, P. Elziére, D.Hourdet, A. Marcellan and L. Leibler, Nature,
505, 382(2014).

[2] O. Griot and J.A. Kitchener, Trans.Faraday. Soc, 61, 1026 (1965)

[3] D. Hourdet, L. Petit, Macromol. Symp, 291-292, 144 (2010).
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MnFeSiP is established as one of the best magnetocaloric materials available.
Tuning the material is essential for its better performance. One straightforward
way of tuning the properties is by doping. In the present study MnFeSiP was
doped with seweral 3d-transition metals. The structure and magnetic properties
have been studied of the series. Insight of the electronic structure around the
dopant atoms helps us to understand and predict better magnetocaloric
materials. During the operation of the magnetic refrigerator, it is essential for
the material to be mechanically stable. For this purpose a detailed calculation
of elastic properties were carried out and prediction were made for the material’s
mechanical stability.

jNo Change
Anti

Figure: Charge density difference of (Cr, Mn, Co)-doped Mn-Fe-Si-P.

(c)
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different geometry - diffusion studies
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Stimuli responsive polymers and hydrogels which exhibit volume
phase transition (VPT) are a new generation of materials with many applications
such as micro-valves, chemical indicators, drug delivery systems, lenses and
many others [1,2]. In such systems three fundamental types of water may be
distinguished: “bulk”, primary and secondary bounded water [3]. Diffusion of
various types of water is crucial because it determines rapidness of
conformational changes as well as VPT. There are many factors affecting water
mobility in polymer solutions and gels e.g.: concentration, chain length and
chemical structure of polymer etc. Currently, experimental techniques allow only
to determine aweraged diffusive properties of water in complex systems.

In this work Monte Carlo (MC) simulation technique - DLL model [4] was
used to examine diffusion of various types of water molecules. Influence of
polymer chain lengths and concentration on water diffusivity is discussed for
athermal case, where only excluded wolume interactions are taken into account.
The water mobility in various distances from polymer chain is also shown.
Poly(vinylmethylether) (PVME) was chosen as a model thermo-responsive
polymer because of its simple chemical structure.
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Optical properties of the Nanoalloys of Cu and Au
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The The Surface Plasmon Resonance (SPR) in noble metal nanoclusters has
caught significant research-attention due to its dependence on size and
geometry. Also it has led to a large range of applications in biological
sensing/detecting technology. The effect of composition and configuration on
the optical properties of nano-alloys hawe widely been studied experimentally
and theoretically. In particular, full quantum calculations of bi-metallic clusters
of up to about 150 noble metal atoms have been performed using time-
dependent density-functional theory (TDDFT) for Ag-Au [1,2].

Experimental investigations on Au-Cu nanomolecules or clusters had recently
revealed that incorporation of Cu gives emergence of SPR-like peak which is
absent in both pure Cu and pure Au nanomolecules [3]. Furthermore, this year
(2015) atheoretical study also reported that Cu induces a plasmonic resonance
in bimetallic Au-Cu nanoclusters [4]. Motivated by these results, we study the
effect of alloying on the optical properties of Au-Cu nano-clusters having up to
150 atoms. TDDFT calculations of the optical absorption are performed in the
visible and near-UV ranges.

[1] X6chitl Lépez Lozano,C. Mottet,H.-Ch. Weissker ,J. Phys. Chem. C, 2013,
117 (6), pp 3062-3068

[2] Giovanni Barcaro, Michel Broyer, Nicola Durante, Alessandro Fortunelli, and
Mauro Stener, J. Phys. Chem. C 2011, 115, 24085-24091

[3] Asantha C. Dharmaratne and Amala Dass , Chem. Commun. 2014, DOI:
10.1039/c3cc47060a

[4] Sami Malola, Michael J. Hartmann, and Hannu Hakkinen , J. Phys. Chem.
Lett. 2015, 6, 515-520
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The aim of our work is to determine the electronic and optical properties of
double oxygen vacancies (M centers) within the MgO structure which acts as
an insulating barrier in a Fe/MgO/Fe magnetic tunnel junction (MTJ). Defects
create additional energy levels within the insulator energy band gap which
effectively reduce the barrier hight and affect the coherent spin-polarized
transport [1-5]. The calculations are carried out using density functional theory
as implemented in VASP package within the projector augmented wave (PAW)
method. To this end, we used seweral types of exchange-correlation functionals:
generalized gradient approximation (GGA), metaGGA (MBJ) and hybrid
functionals. We found that, since M centers result from the pairing of two F
centers (single oxygen vacancy), M centers exhibit pairs of ground and excited
states within the MgO band gap with respectively s-like and p-like symmetries.

[11 S. Yuasa and D.D.Djayaprawira, J. Phys. D.: Appl. Phys. 40, R337 (2007).
[2] J. M. Teixeira et al., Phys. Rev. Lett. 106, 196601 (2011).
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In that contribution we present a density
functional theory (DFT) study of the
electronic and magnetic properties of the
chromium-based  molecular rings (i.e.
[Cr8F8Piv16], where HPiv - pivalic acid,
trimethyl acetic acid). The all-electron
linearized augmented plane wave method
(LAPW) implemented in the Wien2k package
[1]is use d to calculate the electronic density
of states, band structures and exchange
couplings J of a infinite chain model systems
of Cr8, which aim to represent the magnetic
interactions in the Crs ring.

We demonstrate how the chain models mimic with good approximation the
electronic and magnetic properties of the original Cr8 molecule [2], and offer an
unique opportunity, in virtue of the reduced computational effort, for carrying out
extensive investigations of molecules belonging to the Cr-based molecular rings
family [3]. In fact, our linear chain model was recently modified and applied to
Cr7Ni, successfully grafted on a gold surface [4], and it can be easily extended
to systems like Cr7M, M = Ni, Cd [5] or broken Cr segments, which have
attracted much attention for their application in the field of quantum computing.

[1] P. Blaha, K. Schwarz, G. Madsen, D. Kvasnicka, and J. Luitz, WIEN2k, An
Augmented Plane Wave + Local Orbitals Program for Calculating Crystal Properties,
(Karl-heinzSchwarz, Techn. Universitaet Wien, Austria) (1999), ISBN 3-9501031-1-2
[2] V. Bellini, A. Olivieri and F. Manghi, Phys. Rev. B 73, 184431 (2006)

[3] D. M. Tomecka et al., Phys. Rev. B 77,224401 (2008)

[4] V. Corradinietal., Phys. Rev. B 79, 144419 (2009)

[5] B. Brzostowski et al., Journal of Nanoparticle Research 15, 1-12 (2013)

48

SORBONNE
UNIVERSITES




Strain effects in monolayer iron-chalcogenide superconductors

Cesare Tresca', Fabio Ricci?3, Gianni Profeta’-2
' Dipartimento di Scienze Fisiche e Chimiche, Universita dellAquila, 67100
Coppito (L'Aquila), Italy
2Consiglio Nazionale delle Ricerche, Istituto Superconduttori, Materiali
Innovativi e Dispositivi (CNR-SPIN), 67100 L’Aquila, Italy
3Physique Théorique des Matériaux, Université de Liége (B5), B-4000 Liége,
Belgique

Successful fabrication of one monolayer FeSe on SrTiO3 represented a real
breakthrough in searching for high-Tc Fe-based superconductors ([2]).
Motivated by this important discovery, we studied the effects of tensile strain on
one monolayer and bulk iron-chalcogenide superconductors (FeSe and FeTe),
showing that it produces important magnetic and electronic changes in the
systems. We found that the magnetic ground state of bulk and monolayer FeSe
is the block-checkerboard phase, which turns into the collinear stripe phase
under in-plane tensile strain. FeTe, in both bulk and monolayer phases, shows
two magnetic transitions upon increasing the tensile strain: from bicollinear in
the ground state to block-checkerboard ending up to the collinear
antiferromagnetic phase which could bring it in the superconducting state.
Finally, the study of the mechanical properties of both FeSe and FeTe
monolayers reveals their enormous tensile strain limits and opens the possibility
to grow them on different substrates.

[1] Tresca C et al 2015 2D Materials 2 015001 (doi:10.1088/2053-
1583/2/1/015001)
[2] Qing-Yan W et al 2012 Chin. Phys. Lett. 29 037402
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Fig.1: Left: non-porous dia-c structure of zinc cyanide (color code for one of the two-
interpenetrated frameworks: Znin red, N in blue, C in grey). Right: porous dia structure,
stabilized under pressure bywater intrusion.

Zinc cyanide Zn(CN):z is, under ambient conditions, a molecular framework where Zn
cations are tetra-coordinated by cyanide anions, forming a non-porous structure called
dia-c. It is known for unusual properties such as negative thermal expansion (decrease
of volume under heating), and pressure-induced softening (increase in compressibility
under applied pressure) [1,2]. Recently, fluid intrusion experiments allowed to obtain
metastable, porous polymorphs ofthis compound, with a structure depending on the fluid
used [3].

We investigate [4] the feasibility of four-connected nets as hypothetical zinc cyanide
polymorphs, as well as their thermal and mechanical properties, through quantum
chemical calculations and force-field based molecular dynamics simulations. We confim
the metastability of the two porous phases recently discovered experimentally [3], and
suggest the existence of 7 novel porous phases of zinc cyanide. We also show that
isotropic negative thermal expansion is a common occurrence among all members of
this family of materials, with thermal expansion coefficients close to that of the dense
dia-c phase. In contrast, we find a wide variety in the mechanical behavior of these
porous structures, with framework-dependent anisotropic compressibilities. All porous
structures, however, show significant pressure-induced softening, leadingto a structural
transition atmodestpressure.

[1]1 K. W. Chapman and P. J. Chupas,J. Am. Chem. Soc. 129, 10090--10091 (2007).
[2] H. Fang, M. T. Dove, L. H. N. Rmmer, and A. J. Misquitta., Phys. Rev. B 88, 104306 (2013).
[3] S. H. Lapidus etal., J. Am. Chem. Soc. 135,7621--7628 (2013).

[4] F. Trousselet, A. Boutin, and F.-X. Coudert, Chem.Mater 27, 4422--4430 (2015).
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In the high-temperature (Tc) cuprate superconductors, a growing body of
evidence suggests that charge ordering competes with superconductivity [1-3].
However, in cuprates such as La2xBaxCuOs4 (LBCO) and La2-x-yNdySrxCuOa
(LNSCO), whether the charge-modulations fawor or compete with
superconductivity, and their effect on the electron-phonon coupling are not yet
understood, although an effect of the stripe order on the Cu-O bond-stretching
mode is observed. We investigated the electronic structure of a
La2-xBaxCuO4+5(LBCO) sample which displays simultaneously high
temperature superconductivity and well defined Cu-O bond stretching softening,
possibly due to the charge order instability. We find a kink in the band dispersion
at a constant energy over the entire Fermi arc, at an energy matching the one
of the softened Cu-O bond stretching phonon. Moreover, supposing that the
scattering of this mode with the charge carriers quasi-particles is at the origin of
the observed ARPES kink we also find a good match with the wave-vectors
range of this mode softening.

[1] Chang, J. et al. Direct observation of competition between superconductivity
and charge density wave order in YBaz2 Cus Oes.67 . Nature Phys. 8, 871-876
(2012).

[2] Comin, R. et al. Charge order driven by Fermi-arc instability in Bi2 Sr2-x Lax
CuOes+s . Science 343, 390-392 (2014).

[3] Da Silva Neto, E. H. et al. Ubiquitous interplay between charge ordering and
high-temperature superconductivity in cuprates. Science 343, 393-396 (2014)
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