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Émilie Gaudry, Prof at Université de Lorraine, is involved as a Scientific Director at Mines Nancy. She develops
research activities at the Jean Lamour Institute, in the field of materials modeling with quantum chemistry and
machine learning methods. Initially focused on metallic materials, quasicrystals and associated intermetallic
compounds, the scope of her research activities has expanded more recently to metal/oxide interfaces and
nano-materials. She is an associate researcher at the Soleil synchrotron where she develops approaches
combining surface diffraction experiments and associated modeling. She is Director of the HPC computing
center at the University (eXplor), a platform shared between staff from the University and associated EPSTs.

Theoretical insights into ultrathin oxide films on metals and alloys: unraveling
structures and stabilities 
Thin perovskite films, made of a few-layer thick nano-sheets, have attracted considerable attention
due to their extensive structural and electronic variability, linked to the huge number of conceivable
unique chemical compositions. The combination of the low dimension with the structural flexibility of
this class of crystals opened the door to a rich spectrum of applications in many fields, such as energy
transition and catalysis, correlated materials and electronic devices.Decreasing the thickness of two-
dimensional (2D) perovskites down to the mono-layer limit is expected to deeply alter their structures
and modify the physical and chemical properties. This has recently led to the emergence of novel
structures with aperiodic ordering, i.e. dodecagonal oxide quasicrystal interfaces [1,2]. The driving
force for these unique structural modifications, resulting from thickness reduction, are far from being
fully unveiled [3]. Reduced bonding coordinations, possible strong surface polarizations, support
effects and experimental conditions are supposed to play a role, but no clear picture has yet been
drawn. In this talk I will show how two-dimensional complex oxide structures can be identified, while
also questioning several descriptors that contribute to their stability. This work is a first step towards
establishing structure-property relationships for this class of materials, which is crucial not only for
advancing fundamental understanding of their unique characteristics but also for optimizing their
performance in practical applications.

Short biography

Keywords

ultrathin oxide films, density functional theory, oxide quasicrystals

Acknowledgement

I would like to express my sincere gratitude to my collaborators in Japan and at IJL, especially Weiliang Ma. I also wish to
acknowledge the computational resources (GENCI, TGCC, CINED, IDRIS, EXPLOR) and financial support (ANR NOUS) that
made this work possible. 

References

[1] C.Ruano Merchan et al., “Two-dimensional Approximant and large hexagonal phase in SrTiO3 films grown on
Pt(111)/Al2O3(0001)”, Phys. Chem. Chem. Phys., 24 (2022) 7253-7263 
[2] Xu Li et al., "Schematic structural analysis of honeycomb structure ultra-thin Ce-Ti-O films on Pt(111) using
photoelectron holography and ab initio calculation", J. Phys. Chem C 128 (2024) 20238 
[3] T. Dorini et al., “Two-dimensional oxide quasicrystal approximants with tunable electronic and magnetic properties”,
Nanoscale 13 (2021) 10771-10779



Functional thin films, Nanostructures & 2D materials

HOUR NAME TITLE

Aimeric OUVRARD
ISMO - CNRS

Abeer FAHES
ICMN - CNRS

Christina VILLENEUVE-FAURE
Laplace - Univ. Toulouse

Lionel PATRONE
IM2NP - CNRS

Federico ZIZZI
CEISAM/IMN - Nantes Univ.

Julien CASTETS
ICMCB - Univ. Bordeaux

Simon DELACROIX
LPMC - Ecole Polytechnique

Charge transfer and atomic interdiffusion
in ordered plasmonic nanoparticles in

interaction with molecules. 

Polymer-Integrated AgPt Bimetallic
Nanoparticles for Durable Plasmonics

A nanoscale investigation of plasma
deposited AgNPs-based nanocomposites

electrical properties for nanoelectronic
applications

Self-assembled monolayer of push-pull
chromophores towards the polarization
modulation for controlled detection of

biomolecules
Coupling of Nanomechanics and

Photochromism in Azo Soft Materials: From
Thin Films to Nanoparticles

Fabrication of correlated disordered
structures in thin films to tune the visual

appearance of surfaces

Synthesis of colored glasses by an original
sol-gel/laser coupled approach

16:30

17:00

17:15

17:30

17:45

18:00

18:15

Wednesday March 19th

Program of the session : 
Chairs: Guillaume COLAS

4:30 P.M. - 6:30 P.M.
AMPHITHEATRE LOUIS ARMAND OUEST 

S2



Aimeric OUVRARD (CNRS - ISMO, Orsay)

https://www.ismo.universite-paris-saclay.fr/nanophysique-et-
surfaces-nanophys/

aimeric.ouvrard@cnrs.fr

Dr. Aimeric Ouvrard is a physicist experimentalist in surface science and non-linear optics and
molecular physics at the Institut des Sciences Moléculaires d'Orsay (Univ. Paris Saclay). After a PhD in
semiconductor laser physics and molecular spectroscopy for atmospheric physics obtained at
University of Montpellier (Fr) in 2005, he did a postdoctorate at Dublin City University for 2 years in the
applied field of molecular spectroscopy for pharmaceutical and bioindustrial applications. In 2007, he
changed his scientific direction during a second postdoc at Laboratoire de PhotoPhysique Moléculaire
(Univ Paris Sud) in non-linear vibrational spectroscopy of supported metal catalysts. In 2009 he enters
CNRS at ISMO, to conduct research in non-linear ultrafast spectroscopy of assemblies of molecules
and plasmonic nanoparticles. After defending his HDR "Photo-physics of assemblies of nanoparticles
and molecules" in 2021, he is now leader of the group "Femtophysics at interfaces" specialized in the
development and study of various nanostrutured surfaces of interest for energy harvesting,
nanooptics, molecular electronics and heterogeneous catalysis.

Charge transfer and atomic interdiffusion in ordered plasmonic nanoparticles in
interaction with molecules. 
Understanding the interaction of molecules with nanoparticles is the key to control charge transfers
for molecular electronics or energy production. The main difficulty lies in the need to probe at the
scale of the individual molecule, otherwise having a system that is poorly dispersed in size to reduce
the inhomogeneous broadening of the observables. In this context, we carry out ordered hybrid nano-
assemblies where organic molecules functionalize metallic or plasmonic nanoparticles epitaxied on an
alumina bilayer on Ni3Al(111). We combine non-linear/linear spectroscopy and microscopy, to reveal
structural, chemical and plasmonic properties as well as the impact of charge transfer in those hybrid
assemblies [1-5].
The mechanical stress in the bilayer induced by the substrate periodically modulates the surface
reactivity, which ensures the ordered growth of Pd metal clusters [1]. The correlation of geometry to
the reactivity of long-range, narrow size distributed Pd NPs containing from few atoms to several
hundred are revealed using CO molecule as a probe of the surface structure [2]. This nanostructured
surface allows producing ordered assemblies of NP weakly coupled with organic molecules (perylene)
[4]. By evaporating gold or silver on the Pd core, plasmonic properties arise above two atomic layer
thick shell, giving an additional control of photophysical properties. Pd/Ag core/shell NPs show a
better long-range ordering and a reduced atomic interdiffusion at the core-shell interface compared
to Pd/Au NPs [3] leading to a stronger plasmonic response [5]. When fullerene is evaporated on NPs,
we follow in real-time the strong change of optical, vibronic and plasmonic properties. Charge transfer
from NP to C60 affects the optical response and the vibronic structure and reduces the plasmonic
response. This work paves the way for future assemblies, where charge transfer can be induced and
followed in real-time at sub-ps timescale using ultrafast laser.
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Dr. Matteo Ghidelli is CNRS researcher at LSPM-CNRS heading the group Mechanics of Functional Thin
Films composed by 7 faculty and >15 temporary researchers. Dr. Ghidelli completed a joint PhD in
2015 at the Uni. Grenoble Alpes (France) and the Uni. catholique de Louvain (Belgium). After
postdoctoral positions at the Uni. Rome Tre and Politecnico di Milano (Italy), he served as Group
Leader at Max Planck Institute for Sustainable Materials (Germany), heading the group of “Thin films &
Nanostructured Materials” and in 2020, he joined the LSPM. Here, he established a new research
activity focused on the synthesis of nanostructured thin films and micro-scale mechanical
characterization, especially using in situ SEM techniques. His work emphasizes innovative
nanoengineering strategies - such as the synthesis of nanocomposites, nanogranular films, and
interface dominated materials - designed to enhance and precisely control mechanical properties and
deformation behavior. Dr. Ghidelli is author of 44 papers and he secured >1.5 M€ as third parts
funding. In 2022, he obtained the “Habilitation à diriger des recherches (HDR)” and, at the present, he
supervises 4 PhD students and 1 postdoc.

Boosting mechanical properties of metallic thin films through advanced
nanoengineered design strategies

The current trend toward miniaturization in devices components in key technologies such as
microelectronics, energy production, sensors and wear protection requires the development of high-
performance thin films with superior mechanical properties combining mutually excluding mechanical
properties such as high yield strength and ductility. Achieving such performance, relies on leveraging
microstructure-induced mechanical properties, requiring the precise control of film’s microstructure,
atomic composition, grain size and thickness based on nanoengineering design concepts. Here, I will
present recent results for several class of advanced thin film materials including nanostructured
metallic glasses (ZrCu, ZrCuAl)[1, 2] high entropy alloys (CoCuCrFeNi) and nanolaminates (fully
amorphous, amorphous/crystalline)[3, 4], highlighting how the control of the microstructure affect the
and micro-scale mechanical behavior and enable ultimate mechanical properties. Among the main
results, I will show the fabrication of fully amorphous Zr24Cu76/Zr61Cu39 nanolaminates by
magnetron sputtering with controlled nanoscale periodicity (Λ, down to 5 nm), local chemistry and
glass-glass interfaces [3]. I will show how the shear band instability can be mitigated when Λ ≤ 50 nm,
reaching remarkably large elastic/plastic deformation (16%) and yield strength (~2GPa) by micro-pillar
compression [3]. Then, I will present the potential of Pulsed Laser Deposition (PLD) as a novel
technique to synthetize nanostructured cluster-assembled ZrCu and CoCuCrFeNi films, reaching
ultimate yield strength (>3 GPa) and ductility (>6 %) for ZrCu. Finally, I will focus on the synthesis of
crystal/glass ultrafine nanolaminates by PLD[4] in which ∼4 nm Al (crystalline) separate 6 and 9 nm-
thick Zr50Cu50 metallic glass nanolayers, showing high yield strength (3.4 GPa) in combination with
enhanced elastoplastic deformation (>6%, in compression), while managing to effectively block the
percolation of shear bands even at >15% deformation[4]. Overall, I will show how fine microstructural
control in metallic thin films is an effective strategy to tailor their deformation behavior and boosting
their mechanical properties with potential for industrial applications. 
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