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Short Biography

Born in 1962 Christophe Petit is full professor at Sorbonne University and former director of the
laboratory MONARIS (2014-2024). He was co-responsible (2011-2017) of the Nanochemistry thematic
axe of the Labex MiChem then deputy director of the labex MICHEM (2017-2022). He was deputy
director of « Initiative pour les Sciences et Ingénierie Moléculaires » (2020-2024) and co-responsible
(2014-2016) of the Nanochemistry axe of the network C'Nano from the “Region IdF”’ (Former DIM
NANO-K). He is actually in the board of the IRN (nanoalloys’ (https://nanoalloys-irn.cnrs.fr/).

Author or co-author of 85 publications in peer-reviewed journals and 8 book chapters, his research is
now mainly devoted in the development of new sustainable synthesis to control the shape, size and
structure of (bi) metallic nanocrystals and their application in nano-electronic but also in catalysis.
Besides the empirical process, the aim is to understand the nucleation and growth mechanism to
establish rational synthesis of metallic and multi metallic NCs and to develop their applications

Title of Oral Presentation

Oleylamine and low valency organic precursor : a facile route to metallic and
multicomponent N

Keywords

(bi) metallic nanocrystals, nucleation and growth , nanochemistry

Abstract of Oral Presentation

Metallic nanoparticles will initiate important development in nanotechnologies due to their specific
chemical and physical properties (i.e. in catalysis, magnetism, optics, etc..) and new development in
sustainable energy. It is well known that these properties are mainly controlled by the fine tuning of
structural parameters such as the size, shape, crystallinity and composition.



However, the understanding of the mechanical steps leading to the shape control of these objects still
remains challenging. Recently our group developed a one-pot synthesis of metallic or bimetallic
spherical NPs with only two reagents: MCI(PPh3)3 and Oleylamine (M= Co or Ni).1-3 This method
showed many advantages like the reproducibility, the low size dispersity and well crystalline NPs.2-3
This synthesis allows also the formation of transition metal phosphorus (TMP) nanorods starting from
pure metallic spherical NPs. Herein, we propose a mechanism for the morphological transition from
spherical cobalt NPs to Co2P NRs over time in a mixture of [CoCl(PPh3)3] and oleylamine (OAm)
heated at 190°C.4 The crucial role of oleylamine in the transition was also confirmed by X-ray
photoelectron spectroscopy (XPS) but it discloses also the significant involvement of the organo-
phosphorus ligand of the Co(l) precursor during the spheres to rod transition yielding to Co2P
nanorods formation. Interestingly this model could be extended to multicomponents NPs as CoNiP.
Lastly, the novel synthesis, which produces Co2P nanorods at a relatively low temperature (~190 °C),
compared to the standard process (~330 °C), is a notable finding, given the promising applications of
this material, particularly in electrocatalytic water splitting.

Acknowledgement

This work was financially supported by Sorbonne Université, CNRS, the ANR in the framework of the program
entitled “Nucleation, growth and reactivity of MEtallic and bimetallic Nanocrystals"under reference ANR- 17-CEQ9-
0037 and LabEx MiChem (“Investissements d’Avenir” program) under reference
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Thematic Session: Nanochemistry & Nanoparticles

Disciplinary fields involved: Chemistry

Keywords (max. 4-5): copper oxide nanoparticles, precipitation, controlled synthesis, growth
mechanism

Controlled synthesis of copper-based nanoparticles

Fadoua SALLEM, Mickael Wagner, Nicolas Rataj, Eloise Annabi, Alain Castillo, Ludovic Menjot, and
Astrid Avellan

Laboratoire Géoscience Environnement Toulouse (GET), Observatoire Midi-Pyrénées (OMP), Centre National de
Recherche Scientifique (CNRS)

Abstract

Copper-based nanoparticles (CUONPs) presents interesting physical-chemical properties to improve Cu
delivery to plant leaves in agriculture. Indeed, CUONPs could be tuned as a copper “nano-reservoir” slowly
releasing ionic copper over time, or on trigger. In order to understand the interaction mechanism of
CuONPs with leaf surfaces and cells, it is mandatory to understand the keys factors that governs
nanoparticles biodistribution. One of these factors is the physico-chemical properties of the applied
copper-based nanoparticles.

In the present work, we have designed CuONPs with controlled physico-chemical properties including
morphology, size, crystallinity and surface chemistry. An optimized protocol will be presented and the
effect of the experimental parameters (reaction temperature, precursor type, concentration) on the
shape, the size and the growth mechanism will be discussed. The obtained results have allowed to control
the synthesis of CUONPs and propose a hypothesis about their crystal growth mechanism. A panel of
copper-based nanohybrids have been synthesized and fully characterized with many characterization
techniques such as X-ray diffraction (XRD), transmission electron microscopy (TEM), dynamic light
scattering (DLS), and fourier-transform infrared spectroscopy (FTIR).

Acknowledgement:
We would like to thank the ERC for the funding throught the ERC StG LEAPHY and the microcharacterization center

Raimond Castaing for the TEM analyses.
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Thematic Session: Nanochemistry, Nanoparticles and Assemblies
Disciplinary fields involved: Chemistry
Keywords: metal copper nanoparticles, organometallic precursor, morphology, topology,
modelling
Towards predictive copper nanoparticles of mastered size and shape

Jean Irle Belmont,** Jean-Thomas Pouzens,” Paul Fleurat-Lessard,® Jean-Cyrille
Hierso,” Valérie Sartor,° Christian Lorber,? Myrtil-L Kahn,?

a) LCC-CNRS, Université de Toulouse, CNRS, UPR 8241, Toulouse 31077, France
b) ICMUB, Université de Bourgogne, CNRS, UMR 6302, Dijon 21078, France
c) Softmat, Université de Toulouse, CNRS-UT3, UMR 5623 Toulouse 31077, France

Well-defined, robust, copper-based metal nanoparticles (Np) are potential candidates as nano-catalysts
for releasing H, from its secured solid-state chemical storage in amine-borane materials. High-
performance delivery solutions from reactive Np have not yet been developed.! The main objective of our
work is to produce and understand the bottom-up synthesis of copper-based metal Np from the
controlled hydrogenolysis of an amidinate family of organometallic precursors in solution.? The influence
of the amidinate precursor structure on the morphology of the Np is studied by varying the substituent
groups introduced ((R'), Figure 1). The systematic characterization of Np obtained from multiple
experimental conditions is achieved using advanced techniques of electron microscopy (TEM), X-ray
diffraction (DRX, WAXS), UV-Visible absorption and nuclear magnetic resonance spectroscopy (NMR). This
allowed to highlight the most significant parameters for controlling Np size, shape and distribution. Our
experimental study is supported by quantum topological analyses of these precursors, which provides
important descriptors for correlating these parameters and final Np structures.

4
/N’R 1) MeLi ) J\ . H, (3 bar)
_c* 2) CuBr Ri A\ R | . Stabilizing _ Solvent

X

R1N N‘: :’N agent Temperature
Cu Time
X %, D
isopropyl  tert-butyl cydiohesyl Bio.
diisopropylphenyl
(iPryPh),

Figure: synthesis of copper Np
(2) Mboyi, C-D ; Poinsot, D ; Roger, J ; Fajerwerg, K ; Kahn, M-L ; Hierso. J-C. The Hydrogen-Storage Challenge:
Nanoparticles for Metal-Catalyzed Ammonia Borane Dehydrogenation. Small. 2021, 17 (44); 2102759.
(2) Lim, B. S.; Rahtu, A.; Park, J.-S.; Gordon, R. G. Synthesis and Characterization of Volatile, Thermally Stable,

Reactive Transition Metal Amidinates. Inorg. Chem. 2003, 42 (24); 7951-7958.
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Thematic Session: Nanoscale characterization

Disciplinary fields involved: Chemistry

Keywords: Facet-Dependent Surface Chemistry, Nuclear Magnetic Resonance Spectroscopy,

Oxidation, Indium Phosphide, Semiconductor Nanocrystals

Unraveling the Facet-Dependent Surface Chemistry

of Indium Phosphide Nanocrystals

G. Bonifas?, E. Cho?, M. Kim?, L. Ouyang?, H. Kim?, Y. Coppel3, S. Jeong??, C. Nayral®, and F. Delpech!

AWNR

Laboratoire de Physique et Chimie des Nano-Objets, Université de Toulouse, CNRS, INSA, UPS, Toulouse, France
Department of Energy Science, Sungkyunkwan University, Suwon, Republic of Korea

Laboratoire de Chimie de Coordination, CNRS, UPR 8241, Université de Toulouse, Toulouse, France
Sungkyunkwan Institute of Energy Science and Technology, Suwon, Republic of Korea

In less than two decades, semiconductor nanocrystals (NCs) have gone from being laboratory objects
to everyday objects in a variety of optical applications (LEDs, electronic, photovoltaic...). However, most
of them are made of toxic Cd and Pb elements. InP QDs exhibit lower toxicity and comply with European
regulations, making them the preferred choice. However, progress is still needed in terms of size, shape
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References:

and surface control. Recently, a major breakthrough has been
performed with the synthesis of tetrahedrons (TD) and tetra-
pods (TP). In the former case, the InP NCs possesses only {111}
facets while tetrapods (TP) exhibit {110} and {-1-1-1} facets?,
paving the way for studies on facet-selective surface chemistry.

In this work (Figure), facet-dependent reactivity is explored
in the context of oxidation through air exposure. Solid-state/so-
lution NMR, FT-IR, and XPS analyses show that TD and TP pos-
sess a dramatic difference in reactivity: TD exhibits strong re-
sistance to photoassisted surface oxidation, whereas TP oxi-
dises significantly®. The rationalization of this result will be pre-
sented and will highlight the significance of facet-dependent re-
activities and, their importance for optoelectronic applications.

(1) Kim,Y.; Choi, H.; Lee, Y.; Koh, W.; Cho, E.; & al. Nat. Commun. 2021, 12 (1), 4454.
(2) Cho, E.; Kim, M.; Ouyang, L.; Kim, H.; Bonifas, G.; & al. J. Am. Chem. Soc. 2024, 146 (46), 31691.
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french MEAE and MESR and the EUR grant NanoX (ANR-17-EURE-0009). This research was also supported by the

NRF of Korea, funded by the MSIT.
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Thematic Session : Nanochemistry, Nanocatalysis & Nanoparticles
Disciplinary fields involved : Chemistry
Keywords : Modeling, DFT, nucleation, copper catalysts, reaction path,

Multi-scale modeling of the dissolution/growth dynamics of
metallic copper clusters during synthesis or catalysis processes

DESCOUBES Marina®’, GERARD Helene?
1 et 2. Laboratoire de Chimie Théorique, Sorbonne Université, 4 place Jussieu, Paris, France.

Copper nanoparticles (Cu NPs) are valued for their catalytic and plasmonic properties, with size and
shape control being critical for optimizing their performance. However, understanding and controlling
their synthesis is challenging due to the complexity of high-temperature processes and competing
reactions. Understanding the processes involved during the nucleation step is attractive and it could
open the way to rational control. Vrancken et al.' recently reported a near-ambient temperature
synthesis method based on the thermal decomposition of an alkyl copper reagent. This process forms a
Cu precursor, which evolves into Cu NPs stabilized by thiolates. The mechanism involves two key steps
suggested by Whitesides et al.? (Figure 1): a B-hydride elimination forming a Cu-hydride intermediate,
followed by reductive elimination yielding Cu®®. The Cu-hydride intermediate is notable for its relevance
in energy conversion applications, such as CO, reduction. Kinetic studies by Kochi et al.® suggest an
autocatalytic mechanism involving mixed-valence Cu”-Cu® species, potentially catalytically active. The
study also examines how metallic seeds and ligands influence reaction kinetics and species stability, with
the role of phosphine additives remaining under investigation.

CH, CH,
L EH Q.
: C/Cu—Cu — HZC\\/CH—QG Cg;g)d CH, —> Cu—Cu---CH-CH, T» Cu—Cu
¢ (H CH=CH, CH-CH
CH, B =g
1,-1, 2-(CH,) 2, 3" 33,
B-Hydride elimination I Reductive elimination

Figure 1 - Example of thermal decomposition mechanism where the green H is a hydride, red copper atoms are
metallic copper atoms and L is a Lewis base.

1 Ouyang, L.; Noél, V.; Courty, A.; Campagne, J. M.; Ouali, A.; Vrancken, E. Copper Nanoparticles with a Tunable Size:
Implications for Plasmonic Catalysis. ACS Appl. Nano Mater. 2022, 5 (2), 2839-2847. https://doi.org/10.1021/acsanm.2c00016.
2 Whitesides, G. M.; Stedronsky, E. R.; Casey, C. P.; San Filippo, J., Jr. The Mechanism of Thermal Decomposition of n-Butyl(tri-n-
butylphosphine)copper(l). J. Am. Chem. Soc. 1970, 92, 1426-1427. https://doi.org/10.1021/ja00708a067.

3 Kochi, J. K.; Wada, K.; Tamura, M. Autocatalytic Decomposition of Alkylcopper(l) Species. Electron Spin Resonance Spectrum
of Binuclear Copper(O) Intermediates. J. Am. Chem. Soc. 1970, 92, 6656-6658. https://doi.org/10.1021/ja00725a055.
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Thematic Session: Nanochimie & Nanoparticules

Disciplinary fields involved: Chemistry & Catalysis

Keywords: green chemistry, non-noble metal nanomaterials, stable nanocolloids, liquid
nanomaterials, oxide-supported nanomaterials

Novel Green Method for the Preparation of Supported Sub-10 nm Non-Noble
Metal (Cu, Sn and Ga) Nanoparticles

Abdennour Benabbas!, Catherine Especel?, Anthony Le Valant!, Grégoire Breyton?, Christian Ricolleau?,

Guillaume Wang?, Tzonka Mineva?, Jaysen Nelayah?, Hazar Guesmi?, Florence Epron*

1. CNRS, Université de Poitiers, Institut de Chimie des Milieux et Matériaux de Poitiers (IC2MP), Poitiers, France
2. Université Paris Cité, CNRS, Laboratoire Matériaux et Phénoménes Quantiques (MPQ), Paris, France

3. CNRS, Université de Montpellier, ENSCM, Institut Charles Gerhardt de Montpellier (ICGM), Montpellier, France
*florence.epron@univ-poitiers.fr

Abundant non-noble metal nano-objects are promising alternatives of the excessively used
expensive and scarce noble metals in real industrial applications. Unfortunately, their large-scale
utilization is limited by the lack of synthetic procedures that combine satisfactory yields and low costs [1].

In this work, we discuss the rational and green colloidal synthesis of monodisperse sub-10 nm
metallic nanoparticles (NPs) of copper (Cu), tin (Sn) and gallium (Ga) that exhibit high resistance to surface
oxidation. Notably, the fascinating properties arising from nano-confinement in liquid (for Ga) and solid
(for Cu and Sn) states at room temperature, little known so far, are studied under identical conditions.
Special attention is equally paid to the structural, morphological and chemical modifications in these NPs
induced by the presence of a support material, with y-Al,Os used as a model support [2].

Our oxidation-resistant nanomaterials are ideal candidates for further processing in various
applications that do not require inert atmospheres or prior reduction steps. This developed methodology
is expected to significantly advance our understanding of the relationship between the physico-chemical
characteristics of size-controlled non-noble metals and their subsequent performance.

References:
(1) Chem. Mater. 2015, 27 (2), 635-647.
(2) Nature Mater 2016, 15 (9), 995-1002.

Acknowledgement:
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de la Recherche (ANR) where supported liquid/solid non-noble metals are engineered at the nanoscale for an
application in catalysis that enables the production of high-value chemicals.
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Thematic Session: Nanochemistry & Nanoparticles
Disciplinary fields involved: Wet Chemistry, Inorganic Chemistry
Keywords: Nanowires growth mechanisms, Nanowires assemblies, Inorganic Membranes

Growth Mechanism of Ultra-thin, Long and Flexible CuO, Nanowires for
Photocatalytic Membranes Applications

Soline Beitone?!, Mouncif Belmohoub?, Damien Evrard?, Céline Ternon?, David Riassetto®

1. LMGP, Université Grenoble Alpes, CNRS, Grenoble INP, Grenoble, France
2. G-SCOP, Université Grenoble Alpes, CNRS, Grenoble INP, Grenoble, France

Abstract:

The reduction of CO, emissions and mitigation of global warming claimed a transition of the economy
from fossil to renewable sources in order to achieve carbon neutrality by 2050, particularly in Europe?.
One promising strategy is based on Carbon Capture and Utilization (CCU)? and involves utilizing
atmospheric CO; and solar energy to generate valuable products, referred to as solar fuels. This innovative
approach, is based on photocatalytic conversion of CO; into a variety of species, including methane (CH4),
and is inspired by natural photosynthesis.

Since the use of a single photocatalyst alone does not achieve sufficient activity, the association of two
different photocatalyst in heterojunction can offer higher performance. Particularly, the Z-scheme
electronic transfer is very similar to the electronic transfer obtained in natural photosynthesis?, allowing
for the maintenance of a high redox potential while increasing efficiency by limiting charge recombination.
Our goal is to developed a self-supported inorganic nanowires membranes heterostructures with a Z-
scheme electronic transfer. One of two heterostructure materials investigated is CuO; in the form of
nanowires. This presentation will be focus on the optimized hydrothermal synthesis method for producing
ultra-thin and long Cu,0 nanowires. The growth mechanism is thoroughly investigated, with a focus on
the effects of temperature and reaction time on the morphology, crystallinity, and optical properties of
the nanowires. Then, ultra-flexible, self-supported membranes composed of Cu,O nanowires were
successfully prepared using vacuum filtration method. These membranes exhibit excellent mechanical
flexibility and promising optical and electronic properties perfectly compatible with our goal.

References:

1 Yuan X, Su CW, Umar M, Shao X, Lobont OR. The race to zero emissions: Can renewable energy be the
path to carbon neutrality? Journal of Environmental Management. 2022;308:114648.
doi:10.1016/j.jenvman.2022.114648

2 Gao W, Liang S, Wang R, et al. Industrial carbon dioxide capture and utilization: state of the art and
future challenges. Chem Soc Rev. 2020;49(23):8584-8686. doi:10.1039/D0CS00025F

3 Zhang W, Mohamed AR, Ong WJ. Z-Scheme Photocatalytic Systems for Carbon Dioxide Reduction:
Where Are We Now? Angewandte Chemie International Edition. 2020;59(51):22894-22915.
doi:10.1002/anie.201914925
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Disciplinary fields involved: Chemistry, Physics
Keywords: Hydrothermal method, ZnO, microstructures, trisodium citrate

Morphological Control of 3D Hierarchical ZnO Microspheres via Citrate-Assisted
Hydrothermal Synthesis

Lamyae BENHAMOU, Joseph LEJEUNE, Fabien SALAUN.

Univ. Lille, ENSAIT, ULR 2461-GEMTEX-Génie et Matériaux Textiles, F-59000 Lille, France

Abstract

Zn0 is a versatile material with unique properties, enabling applications in photovoltaics, electronics,
optics, and catalysis. Its properties are related to its morphology, as underlined by recent research
focusing on the syntheses of ZnO particles with varied shapes and sizes. ZnO particles can be in one-
dimensional (1D) and two-dimensional (2D) ZnO micro/nanostructures, such as nanorods [1], nanowires
[2], nanofibers [3], and nanosheets [4]. 3D hierarchical ZnO structures are obtained from assembled 0D,
1D, and 2D nanoscale building blocks and have attracted attention for their enhanced properties and
potential applications [5]. 3D hierarchical ZnO microspheres were synthesized via a hydrothermal
precipitation method using urea as the precipitating base, zinc nitrate hexahydrate as the precursor, and
trisodium citrate as a surfactant. The citrate/Zn molar ratio was varied from 0 to 0.67 to investigate its
effect on ZnO morphology. Hierarchical zinc hydroxide carbonate (ZHC) precursors were synthesized at
120°C for 6 hours in a hydrothermal autoclave, followed by a calcination at 600°C for 2h. The morphology
was characterized using scanning electron microscopy (SEM), which showed that, in the absence of
citrate, ZnO grew as nanosheets. At low citrate concentrations, flower-like structures were observed,
while higher concentrations led to denser, spherical particles. Excess citrate disrupted the spherical shape,
resulting in particle aggregation. These findings demonstrate that trisodium citrate plays a crucial role in
controlling the morphology of ZnO hierarchical microstructures. The obtained morphologies enable us to
use the ZnO particles as fillers for optical applications.

References:

[1] M. Sultana, M.J. Rahman, M.S. Bashar, Size Distribution of Hexagonal Prismatic-Shaped ZnO
Nanorods Synthesized by Microwave-Assisted Irradiation of Precursors, J. Electron. Mater. 51 (2022)
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temperature hydrothermal growth of ZnO nanowires on AZO substrates for FACsPb(IBr)3 perovskite
solar cells, Nanomaterials 12 (2022) 2093. https://doi.org/10.3390/nan012122093.



[3] Y.Fu,Y. Cheng, C. Chen, D. Li, W. Zhang, Study on preparation process and enhanced piezoelectric
performance of pine-needle-like ZnO@PVDF composite nanofibers, Polymer Testing 108 (2022)
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Chemical Physics 559 (2022) 111552. https://doi.org/10.1016/j.chemphys.2022.111552.

[5] T.E.M. Silva, A.J. Moreira, E.T.D. Nobrega, R.G. Alencar, P.T. Rabello, S.F. Blaskievicz, G.N. Marques,
L.H. Mascaro, E.C. Paris, S.G. Lemos, E.C. Pereira, G.P.G. Freschi, Hierarchical structure of 3D ZnO
experimentally designed to achieve high performance in the sertraline photocatalysis in natural
waters, Chemical Engineering Journal 475 (2023) 146235.
https://doi.org/10.1016/j.cej.2023.146235.
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Following zinc oxide nanoparticles formation

Michel Féron'?, Julien Chevet?, Agnés Granier?, Antoine Goullet®, Mireille Richard-Plouet?, Richard
Clergereaux', Myrtil L. Kahn?

Laplace-UMR 5213, Université de Toulouse, France
2LCC-UPR 8241, CNRS, Toulouse, France

3IMN-UMNR 6502, Université de Nantes, France

There are different methods of plasma deposition; traditionally, gas injection through vaporization
techniques is used. Other methods, such as Plasma-Enhanced Chemical Vapor Deposition (PECVD), allow
for the injection of liquids, thereby expanding the range of possibilities. This makes it possible to introduce
colloidal solutions where nanoparticles are precisely defined, dispersed, and stable in the solution,
enabling the process to produce nanocomposite layers.'?

It is therefore crucial to master the synthesis and stabilization of nanoparticles to prevent their
aggregation during injection and plasma treatment. To achieve this, we work with pentane and the
hydrolysis of a highly reactive zinc precursor in the presence of ligands.® These ligands stabilize the
interfaces formed between the solid phase (ZnO nanoparticles) and the liquid phase (pentane).

In our study, we use two ligands: DDA (dodecylamine) and OA (oleic acid).* These ligands form a catanionic
pair that creates an ionic shell, effectively preventing aggregation. This work aims to achieve
photoluminescent properties; therefore, it is essential to control the size of ZnO nanoparticles, as this
directly influences the band gap of this semiconductor material.’

To precisely control the particle sizes, we studied the phenomena of nucleation and growth using NMR
spectroscopy, UV-Vis spectroscopy, and fluorescence analysis, enabling fine-tuned control over crystal

formation.
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Topochemical reactions of P with Co nanorods

Brandon Azeredo?, Jason Nguyen Cong?, Guilaume Viau?!, Katerina Soulantica?
1. Université de Toulouse, INSA—-CNRS-UPS, LPCNO, Toulouse F-31077, France)

Cobalt phosphide (CoxPy) nanoparticles (NPs) are currently intensively studied as cost-efficient, earth
abundant electrocatalysts.® Co,P, of different sizes, shapes and crystal structures of have been prepared
by different methods. The most widely employed strategies for the synthesis of highly monodisperse
shape controlled CoxP, NPs consist in i) the thermal decomposition in high boiling point solvents of
molecular cobalt precursors in the presence of surfactants and a P source? or ii) the use of preformed Co
NPs as templates that are subsequently submitted to a reaction with a P source.3 Several approaches
have given rise to anisotropic CoxP, shapes, among which Co,P* and CoP® nanorods, however, no
core@shell Co@CoyP, nanorods have been reported up to now.

We will present the synthesis of Co@CoxP, nanorods through topochemical reactions of bare Co
nanorods with P precursors. Two types of Co nanorods obtained through (i) the polyol method and (ii)
the organometallic approach, and presenting different sizes and different surface properties, have been
employed as templates. The extent of the reaction between the Co and the P source can be controlled
through the experimental conditions (type of Co nanorods, type and amount of P precursor,
temperature) allowing a control over the thickness and the crystal structure of the phosphide shell,
allowing protection of the air-sensitive Co core and modulation of its magnetic properties.

References (max. 5):
1. K. Bhunia et al, Coordination Chemistry Reviews 2023, 478, 214956.
2. H.Zhangetal, Nano Lett. 2011, 11, 188.
3. E.J.Popczun et al, Angew. Chem. Int. Ed. 2014, 53, 5427.
4. J.Parketal,J. Am. Chem. Soc. 2005, 127, 8433.
5. Y.Llietal,J. Am. Chem. Soc. 2005, 127, 16020.
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Short Biography

Emilie Pouget studied the chemistry at the Polytechnic National Institute of Toulouse (INP Toulouse,
France) and obtained a Master degree in 2002. In 2006, she obtained a PhD from the University of
Rennes for her work on the mineralization of peptidic self-assembled nanotubes. From 2006 to 2008,
she went to the Eindhoven University of Technology (Netherlands) to work as a post-doc on
biomineralization studies by coupling the cryoTEM tomography and the electron diffraction. She then
worked at the Centre de Recherche Paul Pascal in Bordeaux (France) on the mineralization of this
biological liquid crystal. Since 2012, she is working as researcher at the CNRS, in the CBMN Institute in
Bordeaux, France.

Emilie Pouget's work aims at developing new nanofabrication strategies based on the chirality
induction principle in order to control the morphologies from the nanometric scale to the
macroscopic level. Such chiral nano-objects are studied for their chiroptical, magnetochiral or catalytic
properties.

Title of Oral Presentation

Design of functional nanostructures via chirality induction.

Keywords

Chirality, Nanohelices, Hierarchical organization, Plasmonic, Magnetism

Abstract of Oral Presentation

In the field of functional nano-materials, the chiral structures like helices or twisted ribbons are of
great interest because of their specific chemical, optical or mechanical properties. The present work
aims at developing new nanofabrication strategies based on the chirality induction principle in order
to control the morphologies from the nanometric scale to the macroscopic level. Functional hybrid
nano-helices are synthesized by use of organic chiral self-assemblies forming well-defined helix
structures as templates.



The mineralization of these self-assemblies allows creating silica nano-helices with controlled
morphologies in term of diameter and pitches [1]. A particular focus is given to the length control to
create individualized and well-dispersed helices in solution [2], suitable for hierarchical organization
from the nano- to the macrometric level.

Such chiral nano-objects are then used as base for the creation of functional nanoobjects. The
interaction of such objects with different molecules and nanoparticles induce new chiroptical,
magnetochiral or catalytic properties [3, 4, 5].
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Polarization-Sensitive Phototransformation of Chiral Plasmonic Assemblies

Rahul Nag,! Charléne Brissaud,! Pamela De La Fuente,? Lucas Robin,? Jean-Yves Piquemal,® Matthias
Pauly,? Emilie Pouget? and Miguel Comesana-Hermo!
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2. CBMN, CNRS, Bordeaux INP, Université de Bordeaux, 33607 Pessac, France

3. Université de Lyon, ENS de Lyon, Laboratoire de Chimie, 69364 Lyon, France

Solar energy induced asymmetric reactivity is a sustainable means to obtain affordable pharmaceutical
chemicals and new agrochemical, food industry items.! The outstanding extinction cross-sections and
optical tunability of plasmonic photocatalysts make them suitable candidates towards solar driven
enantioselective reactivity. The development of plasmonic objects with chiroptical features is novel in the
field, in which atomic scale chirality is mandatory to ensure an asymmetric interaction with the molecular
substrate. This is possible on a crystalline surface without any mirror-symmetry perpendicular to the
surface.? A strategy relies in the synthesis of plasmonic nanostructures exposing high-Miller-index facets,
composing of asymmetric kink sites rendering the surface intrinsically chiral.

Article from our group discusses the polarization-dependent reactivity of chiral plasmonic systems
irradiated with circularly polarized light (CPL) thanks to the chiral generation of hot-charge carriers.? In
current study, we utilize this process to induce the asymmetric photoreduction of inorganic salts onto
chiral plasmonic assemblies, resulting photogrowth of a metallic shell. We hypothesize that the selective
photoreduction of the metallic precursor in the inter-particle hot spots under CPL will form highly
anisotropic metallic helices where the exposition of crystalline facets with chiral atomic arrangements
could be favored. Our results demonstrate that the plasmon-induced photoreduction of noble metal salts
onto helicoidal assemblies of spherical Au nanoparticles® form thin metallic shells (Figure 1). These new
structures present different chiroptical features with a 2-fold increase in the g-factor w.r.t. initial
materials. We are currently characterizing the crystallographic features of these objects to implement
them in enantioselective organic transformations.
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Figure 1. Photgrowth of metallic Au shell on Gold nanohelix.

References: 1. Org. Biomol. Chem. 17, 8673—8689 (2019). 2. Adv. Mat. 32, 1905758 (2020).3. J. Am.
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The intriguing role of L-cysteine on the modulation of chiroplasmonic properties

of chiral gold nano-arrows
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Abstract:

Developing chiral plasmonic nanostructures represents a significant scientific challenge due to their
multidisciplinary potential. Observations have revealed that the dichroic behaviour of metal plasmons
changes when chiral molecules are present in the system, offering promising applications in various fields
such as nano-optics, asymmetric catalysis, polarization-sensitive photochemistry and molecular
detection.? In this context, we explored the synthesis of plasmonic gold nanoparticles and the role of
cysteine on their chiroplasmonic properties. Specifically, we synthesized chiral gold nano-arrows using
seed-mediated-growth synthesis method in presence of L-cysteine into growth solution as a chiral ligand.
As expected, the chiral molecule transfers chirality to gold nanocrystals and the morphology is controlled
through kinetic growth?™®. The main feature consists in chiroplasmonic properties, such as the sign of
circular dichroism, that can be modulated using only one enantiomeric form in the growth solution. To
understand the origin of such effect, theoretical modelling using density functional theory have been
conducted. Our results point to the intermolecular cysteine interactions as a key factor in the dichroic
properties of surface-molecule chiral systems.®
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Self-assembly of tartrate ligands on 2D
semiconductor nanoplatelets for strong
chiro-optical features
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[I-VI semiconductor nanoplatelets (NPLs) present optical features lacking of inhomogeneous broadening
thanks to their 2D shape. Their thicknesses only present few atomic planes, such that any modifications
of the surface chemistry induces a modification of their optical features. Recent studies have been
dedicated to induce chiral light-matter interactions on these particles, to reach strong circular dichroism
(CD) and circularly polarized luminescence (CPL) features, for example by grafting cysteine ligands on
their surface.

Here, we propose to use chiral tartrate ligands [1]. Surprisingly, the exchange undergoes several stages,
with an increase of the CD feature at the position of the heavy hole which red shifts over time followed
by an inversion of the CD signal when the absorption saturates. The dissymmetry factor can reach values
as high as 1.2 x 10”. The peak inversion global aspect is influenced by the lateral aspect of the initial
particle, the former surface chemistry, and the synthesis conditions.

This inversion is attributed to a mechanical relaxation of the ligand assembly that induces a different
coupling between the inorganic core and the chiral ligands. This hypothesis is supported by surface
chemistry characterization and XRD analysis.

Reference :

[1] Henri Lehouelleur, Hong Po, Lina Makké, Ningyuan Fu, Leonardo Curti, Corentin Dabard, Céline Roux-
Byl, Benoit Baptiste, Nathan J. Van Zee, Thomas Pons, Emmanuel Lhuillier, Jing Li, and Sandrine Ithurria
Journal of the American Chemical Society 2024 146 (45), 30871-30882
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In situ study of Fe nanoparticles in H, atmosphere: surface reconstruction and reactivity

Azadeh EDALAT’, Catherine AMIENS?, Marc RESPAUD’, Jaysen NELAYAH?, Christian RICOLLEAU®

ICEI\/IES—CNRS, 29 Rue Jeanne Marvig, 31055 Toulouse, France
’LCC-CNRS, 205 Rue de Narbonne, 31400 Toulouse, France
BMQP—CNRS, Université Paris Cité, 75013 Paris, France

Fe nanoparticles (FeNPs) can serve as valuable starting materials for synthetizing nanostructured Fe nitrides’
and iron carbides’, or for acting as catalysts®. The optimization of their morphology, and especially of their surface,
in terms of exposed facets as well as chemical composition is thus crucial for enhancing their reactivity. Notably,
due to their high sensitivity to air, FeNPs are often coated with oxide layers. Reducing these oxide shells is essential
in view of the above. In this work, we monitor in situ iron oxide reduction at the surface of ligand-coated spherical
FeNPs synthesized via a chemical process’, presenting a cubic body-centered cubic (bcc) structure, ranging in size
from 10 to 15 nm. We focus primarily on the surface activation process under H,, where ligands detach from the
nanoparticle surface (Fig.1), and the oxide shell eventually present is reduced. To capture and analyze these
transformations, we employed environmental aberration-corrected scanning transmission electron microscopy
(STEM), enabling the in situ observation of the surface, structural, and morphological evolutions of these NPs down
to the atomic scale.

(a) (b)

nm

Figure 1: (a) is start and (b) is the end of plateau, under H, at 1 atm and 300°C.

References:

1- Gallego, J. M. et al. Phys. Rev. B Condens. Matter Mater. Phys. 2004, 70 (11), 115417.
2- Zhao, H. et al. CCS Chemistry. 2021, 3, 2712-2724.

3-Zha, S. et al.J. Chem. Eng. 2014, 255, 141-148.

4- Dumestre, F. et al. J.Sci. 2004, 303(5659), 821-823.

Acknowledgements:

We thank the ANR (project FeNMAG), INSA, CNRS, METSA Network and Occitanie region for their financial support
of this project.



Abstract

Thematic Session: Nanochemistry & Nanoparticles
Disciplinary fields involved: Chemistry
Keywords (max. 4-5): microstructure, in-situ TEM, colloidal nanoparticles, annealing

Understanding microstructural evolution in rare earth vanadate nanoparticles
upon protected thermal annealing
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Poor crystallinity and surface quenching lead to low luminescence efficiency of the oxide nanoparticles
which limits their optical applications.! The size, crystallinity, defect density and morphology of the
particles is usually tuned by the synthesis method used and these parameters affects the internal
microstructure of the resulting nanoparticles which is poorly characterized.*® Protected thermal
annealing treatments helps in achieving the highly crystalline nanoparticles with enhanced physical
properties.? In the present work, we tried to investigate the evolution of porosity in Eu®* doped yttrium
vanadate nanoparticles (Eu:YVQ,) during the thermal annealing by using In-situ TEM and tomography. The
annealed particles are single crystalline and show enhanced quantum emission yield of ~35 %.
Investigation of the effect of initial particle structure and environment conditions on the evolution of
pores upon annealing treatment has been done by comparison of ex-situ and in-situ TEM measurements.
Careful examination using electron microscopy shows that the smaller pores collapse to form larger pores
with the increase in temperature and growth of the pores takes place along the longer axis of the particles.
The presence of oxygen affects the evolution of porosity in the nanoparticles with non-orientational
growth under vacuum conditions. This work can pave the way for understanding the effect of initial
microstructure and thermal annealing on the evolution of porosity in nanoparticles and its impact on their
physical and optical properties.

= ) ~ O e
'.o"_' . ‘ ’ )
(i " ) ;
o . N4
- LY annealing, 1000°C 47,
B W
& W ‘
F
B e’ =

Initial Particles Annealed Particles

References:

[1] Cryst. Growth Des. 2023, 23, 8, 5389-5396. [2] Nanoscale, 2021,13, 4931-4945. [3] Langmuir 2020,
36, 31, 9124-9131. [4] J. Mater. Chem. C, 2013, 1, 13.

Acknowledgement:

The authors would like to acknowledge the funding by a public grant from ANR (Agence National de la Recherche)
project 3D-NanoREV number ANR-22-CE08-0027-01 to carry out the research.



Abstract

Thematic Session: Nanochemistry & Nanoparticles
Disciplinary fields involved: Physics, Chemistry
Keywords : Crystallization - Liquid-cell TEM — Viscosity — Cryo TEM — Spinodal

Dense liquid precursor in mineral crystallization: spinodal morphology and high
viscosity evidenced by electron imaging
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Crystallization from solution often follows a “non-classical” pathway involving dense liquid or
amorphous nanometer-sized precursors before crystal formation. These intermediates can significantly
impact how a subsequent crystalline material forms and evolves at the nanometer scale!, which is a
crucial step in the design of nanoparticles. However, they are not accounted for in the “classical” single-
step theory (CNT), which is currently the main guideline used to rationalize the synthesis of
nanoparticles in solution, underlining the need for new theoretical tools capable of taking them into
account.

Among these transient nanostructures, reactant-rich liquid droplets have received considerable
attention, as their characteristics can help differentiate between possible crystallization theories™.
However, theoretical progress is hindered by the difficulty of capturing the physical properties and
formation mechanisms of such nanometric species, which can exist for less than a minute®.

We demonstrated by Cryo-TEM that reactant-rich nanodroplets formed during the
crystallization of cerium oxalate exhibit morphologies compatible with spinodal decomposition®’. By
capturing in-situ coalescence events with Liquid-Cell TEM, we provided evidence of their liquid nature
and revealed their high viscosity, which is at least five orders of magnitude higher than the water-rich
phase. Furthermore, we showed that these structures act as the main nucleation reservoir from which
subsequent amorphous nanoparticles directly form. Our results question the single-step nucleation
guideline usually used to rationalize the synthesis of nanoparticles in solution, as a viable theory should
account for the high-viscosity liquid transient evidenced in our system, which may not result from a
nucleation process.
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Short Biography

Pr Mona Tréguer-Delapierre, a Professor at the Institute of Chemistry of Condensed Matter (ICMCB)
near Bordeaux, focuses on nanoparticles synthesis and assembly into 2D and 3D materials. She
obtained her PhD in Physical Chemistry from the University of Orsay and was a post-doctoral fellow
at the Radiation Laboratory in USA. She works in several metallic materials of interest in optics and
energy. Currently, with her colleagues, she is exploring how metallic nanostructures can be exploited
for mastering the fabrication of next-generation materials for optoelectronics and to create
innovative visual appearance designs.

Title of Oral Presentation

Matter and materials made from metallic nanoparticles

Keywords (5 words max)

Colloidal synthesis, (bi-)metal, plasmonic, anisotropy



Abstract of Oral Presentation

Colloidal metallic nanoparticles with well-controlled shapes and surface properties exhibit unusual
physico-chemical characteristics. They are of significant interest for advancing applications in a range of
exciting research fields : cloacking, imaging, optical communication. Mastering their fabrication enables
to make useful novel materials and to gain deeper understanding of the optics of materials at the
nanoscale. In this talk, | will show the recent advancements in the colloidal synthesis of metallic
nanoparticles for the design of optoelectronic materials and the creation of surfaces with innovative
visual appearances.
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Photothermia, which involves the generation of heat by a photothermal agent following exposure to light
irradiation, is a phenomenon of great interest in medical and catalytic fields,! and for the stimulation of
chemical and biological reactions.?® In the realm of photothermal heat generation, a significant challenge
lies in accurately regulating temperature not only at the macroscopic level but also in the immediate
proximity of the surface of the nano-heater. In this context, considering that conventional temperature
measurement instruments are ineffective at the nanoscale due to limitations in sensitivity, accuracy, and
spatial resolution, precise tools for temperature measurements are needed.

In this work, we studied the design and investigation of new multifunctional heater/thermometer nano-
objects containing (i) Prussian blue (PB) nanoparticles heater core, characterized by the general formula
A1 Fe"[Fe"(CN)e]1x (Wwhere A denotes an alkaline ion), possessing promising photothermal properties, and
(ii) Tb**/Eu® based luminescent coordination compound as emissive thermometer for its demonstrated
excellent thermometric capacity*. The obtained hybrid nano-objects present both, a heating ability under
irradiation at 808 nm and a bright luminescence in the visible region characteristic of Tb*" and Eu®" ions,
which make them multifunctional. Moreover, the observed emission is temperature-dependent allowing
to use these nanoparticles as temperature nanoprobe in the close proximity of the PB core with a
satisfactory maximal relative sensitivity of 0.75 %-°C* at 20 °C.

[1] Duan. S et al. RSC Adv, 2023, 13, 14443-14460

[2] Mateo. D et al. Chem. Soc. Rev, 2021, 50, 2173-2210

[3] Pallavicini. P et al. Chem. — Eur. J. 2021, 27, 15361-15374
[4] T. Pelluau et al. Nanoscale, 2023, 15, 14409
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High-throughput synthesis and characterization of magnetic iron oxides
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The rise of advanced computational chemistry has spurred a rapid increase in material discovery [1], yet
experimental methodologies lag behind. A growing trend in addressing this gap is the development of
self-driving laboratories that integrate robotics, Al, and automation, significantly enhancing
experimental capabilities within chemistry and materials science [2]. Iron oxides, particularly in
nanoparticle form, have shown promise for diverse applications, especially in theranostics [3].

In this presentation, we will present our early findings investigating into the gap between traditional
laboratory synthesis and small-scale robotics, employed in self-driving laboratories.

Specifically, we aim to prove or disprove if high-throughput synthesis carried out in well plates are
representative of traditional lab scale synthesis.

To reach this objective, we have developed a novel synthesis platform that integrates a liquid-handling
system with automated small-angle X-ray scattering (SAXS). The platform allows for efficient mapping of
synthesis conditions, enabling accelerated rates of optimization of iron oxide nanoparticles in regards to
size and crystallography. We will present the parameter space in which the robot syntheses provide
good indicators of nanoparticle sizes and phases (magnetite, goethite, amorphous oxohydroxydes)
obtained in batch, or in which the robot syntheses should on the contrary be exploited as a separate
preparation process, independent of the batch syntheses.

By addressing the knowledge gap, we will contribute to accelerated exploration and rational design of
nanomaterials, in particular by utilizing the platform to expand upon the role of bio-derived additives for
size control for iron oxide nanoparticles.
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Over the past decades, inorganic nano-objects capable of generating significant heat when remotely
activated by external stimuli have garnered considerable attention. For this reason, numerous nano-
heaters with diverse compositions, sizes, and morphologies activated either by light irradiation
(photothermal agents) or by the application of an alternating current magnetic field (magnetothermal
agents), have extensively been reported”.

Among these, iron oxide nanoparticles received a particular attention due to their capacity of generating
heat when it is exposed to external stimuli. This characteristic offers promising applications in
hyperthermia treatment, catalysis, and radical release”. Yet, a better understanding and control of the
temperature rise at the surface of the nanoparticles remains challenging.

The current study aims to expand the investigation into the development of multifunctional
nanoplatforms based on iron oxide materials. We will first discuss the use of the generated heat on a
magnetite nanoparticle with thermosensitive radical initiators, alkoxyamines R1IR2NOR3, anchored to its
surface’. The magnetic core exhibits a high intrinsic loss power of 4.73 nHm2.kg-1 providing rapid
heating of their surface under the action of an alternating magnetic field. This causes the homolysis of
the alkoxyamine C—-ON bond and triggers the formation of radicals>*.
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MIXED MANGANESE AND ZINC FERRITE MAGNETIC NANOPARTICLES FOR
MAGNETOCURING OF ADHESIVES
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National de la Recherche Scientifique. Paris, France
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In the last few years, researchers started developing a growing interest in adhesive technology due to its
versatility in a variety of applications. Traditionally, conventional adhesives are cured through external
stimuli such as moisture, heat and/or light. However, these methods come with significant challenges in
terms of feasibility in an industrial context. Thus, developing a remote and cost-efficient strategies for
remote curing of adhesives has become such an attractive area for research.

Our project focuses on a technology called Magnetocuring[1], [2], where magnetic nanoparticles (MNPs)
are incorporated into the adhesive resins and subjected to an Alternating Magnetic Field (AMF). Under
these circumstances, particles generate heat by reaching their curie temperature (Tc*), leading to the
curing of the adhesive. (fig.1)

In this project, we elaborated mixed Mn and Zn ferrites (MnyZni«Fe;04) and established a library of
particles with varying compositions (x= 0.5 — 0.9) and sizes (8 — 20nm). we have worked on their surface
chemistry by different functionalization and coatings to allow for a better and more homogenous
dispersion in different media (water based and organic resins) leading to an optimal heat distribution and
curing.

(*) Tc: Curie Temperature - the temperature above which MINPs lose their magnetic properties.
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Figure 1 - General scheme of the principal of Magnetocuring
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Synthesis of luminescent oxides nanoparticles for nanothermometry
measurements in magneto-induced processes
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Temperature is one of the most common physical quantities that significantly contributes to chemical
reactivity and biological processes. Nanothermometry by luminescence is related to temperature
measurements at nanoscale with high spatial and temporal resolution using nanoparticles (NPs).!" The
temperature dependence on luminescence can be expressed by the evolution of one or more optical
parameters such as: intensity, lifetime,... (see variation with temperature in figure 1.a,b).
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Figure 1: a) Emission spectra as a function of temperature of Zn1.1Ga1.sGeo.104:Mn?*,Cr3* ultra small NPs in H.0
(ex. 275 nm); b) Lifetime evolution in function of temperature for ZnGa204:Cr3>* NPs (ex. 430 nm).

To address this challenge, we are focusing our interest on oxides matrices doped with transition metal or
lanthanides. Such nanomaterials are well known for their chemical robustness and ability to withstand
high temperatures (20-300 °C) that are envisioned in applications.”! To meet the requirement for spatial
resolution, we are seeking probes that are uniformly dispersed and as small as possible to optimize this
spatial resolution. One of the original approaches in this work is microwave synthesis, which allows us to
obtain small crystalline particles (~ 10 nm) while adopting a green synthesis approach (shorter reaction
time, less energy consumption).?!

It is imperative that the probes exhibit a high sensitivity of the temperature on the studied range. In this
perspective, recent approaches are converging towards exploring evolution ratios between two
parameters.! For instance, by studying the ratio between two emission peaks evolving differently with
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temperature as seen in figure 1.a with the evolution of two luminescent centers (Mn?* at 500 nm and Cr®*
at 700 nm) under UV excitation for different temperatures.!

The temperature range within which nanothermometers could be considered as very effective is the first
challenge. The aim of the work is to develop a sensitive nanothermometer either close to room
temperature for hyperthermia treatment applications or over a broader range, ideally covering from 20
to 300 °C for catalysis applications. The behaviors of oxide-based nanothermometers within these two
temperature ranges will be presented at the conference.
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Ultrafine TiO:-Coated Gold Nanoparticles: A Robust Platform for Raman Thermometry
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Abstract

Accurate temperature measurement in metallic nanoparticles is essential for understanding
energy dissipation dynamics and enabling temperature-sensitive applications'. This study
introduces a high-performance approach to Raman anti-Stokes-Stokes thermometry? using gold
nanoparticles (AuNPs) synthesized through thermal dewetting and functionalized with a 2 nm
TiO: layer via sol-gel technique®. These AuUNP@TiO: probes demonstrate excellent stability
across a wide temperature range from 25 °C to 240 °C under both external thermal and
thermoplasmonic heating conditions. By analyzing the anti-Stokes to Stokes signal ratio and
accounting for the Raman spectrometer’s spectral efficiency and the extinction properties of
AuNP@TiO2, the measured temperatures showed a strong correlation with the applied
temperatures throughout the studied range (20 °C-240 °C). Furthermore, comparing applied
and measured temperatures using different existing models allowed us to interpret and validate
these models. This reliable thermometry technique provides precise measurements over more
than 200 degrees, paving the way for advanced thermal optical monitoring in nanomaterial
systems.
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Damien VOIRY graduated from the National School of Chemistry and Physics of Bordeaux (ENSCPB)
and obtained his thesis at the Paul Pascal Research Center (CRPP) of the University of Bordeaux in
2010. From 2011 to 2016, Damien was a postdoctoral associate in the group of Professor Manish
Chhowalla from Rutgers University in the United States. Since Feb. 2016, he is a CNRS staff scientist at
the Institut Européen des Membranes de Montpellier. His current research aims to explore the use of
low dimensional materials for the fabrication multifunctional membranes for separation application
as well as energy application. In 2018, he was awarded an ERC starting grant to investigate the
electrocatalytic reduction of CO2 from 2D materials. Damien Voiry has received several national and
international awards including the CNRS Bronze Medal, the SCF Young Researcher awards and the
2024 Young Scientist Sustainable Development Goals Award. He was nominated at the Young
Academy of Europe in 2020.

Title of Oral Presentation

Engineering Low-Dimensional Materials for Electrocatalytic Conversion Reactions and
Nanofluidics

Keywords

2D materials, Nanofluidics, Electrocatalysis, Energy conversion

Abstract of Oral Presentation

The dual challenges of climate change and population growth have placed immense pressure on
global water resources and carbon management systems. To address these issues, innovative
materials and technologies are essential. Nanomaterials, particularly two-dimensional (2D) materials,
with their atomic-scale thickness, tunable structures, and unique properties, offer transformative
solutions for sustainable water purification and CO2 utilization[1].



In water purification, 2D materials such as graphene and MoS, nanosheets are redefining the design
of advanced membranes. Their exceptional selectivity and permeability provide the potential to
significantly reduce the energy footprint of water recovery and desalination processes. In particular,
nanolaminated membranes constructed from re-stacked 2D nanosheets exploit interlayer spacing to
achieve precise molecular sieving [2]. My research focuses on how nanosheet surface chemistry and
stacking defects influence membrane performance, paving the way for scalable, high-efficiency water
treatment systems.

In parallel, advances in nanostructured catalysts are opening new pathways for controling
electrocatalytic reactions to produce value-added chemicals from CO2, water or nitrate[1]. For
instance, our work on self-assembled 2D silver nanoprims has demonstrated near-complete exposure
of active edge sites, resulting in remarkable selectivity and activity for CO2-to-CO conversion[3].
Similarly, phase-engineered MoS, nanosheets have shown high efficiency in catalytic oxidation and
selective nitrate reduction to ammonia. These findings underscore the versatility and precision of low-
dimensional materials in addressing key energy and environmental challenges.

In this keynote, | will provide a comprehensive overview of the current state of 2D materials in water
purification and electrocatalysis. | will also discuss how their rational design and engineering can
impact nanofluidics, catalysis, and related fields, offering original and practical solutions to meet
global sustainability goals.
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Nanoscale NiCu electrocatalyst for the hydrogen evolution reaction
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The investigated NiCu NPs synthesized by an organometallic method [3] as cathode material for anion
exchange membrane water electrolysis application. By optimizing the synthesis conditions we obtained
alloy-type NiCu nanoparticles with a mean diameter of ca. 4.0-4.3 nm (fig. 1). The composition and
structure of the synthesized materials were investigated by ICP, TEM, HRTEM, EDX, XPS and XRD. The
nanomaterial was then deposited on a carbon support and evaluated in the electroproduction of
hydrogen by a range of electrochemical methods. In alkaline environment, the NiCu electrocatalyst
exhibits a good catalytic activity with an overpotential of 273 mV at the current density of -10 mA cm-2,
and it shows good stability within 24 h.hydrogen evolution reaction (HER) is one of the most investigated
reactions in electrochemistry, electrocatalysis or/and photoelectrocatalysis.[1] The electrode materials in
the electrochemical devices containing nickel and copper are the most attractive in the series of transition
metals[2], due to their accessibility, electronic and chemical properties.

We have

ahd

Figure 1. TEM image of synthesized NiCu-NPs
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Interfacial ionic liquid based nanocatalysts for low temperature CO2 reduction
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The catalytic hydrogenation of CO, to methane (Sabatier reaction) offers a sustainable approach to reduce
CO, emissions, using renewable hydrogen.™™ This exothermic reaction typically occurs between 300-
450°C, but developing efficient catalysts for low-temperature operation (below 300°C) remains
challenging due to the complex reaction network. Ru/TiO; catalysts exhibit high activity for this reaction
due the inherent activity of Ru, strong metal-support interactions, the presence of oxygen vacancies and
hydrogen spillover effect.?! Key factors like Ru loading, nanoparticle size, and support phase (anatase vs.
rutile TiO,) critically influence catalytic performance. Smaller Ru NPs enhance CO, activation, while larger
ones improve H, activation.®! However, selectivity concerns (CHs vs CO) remain complex, and selectivity
shifts have been reported, which have not yet been completely rationalized. This study investigates the
complex interplay of electronic and geometric metal-support interactions in ultra-dispersed Ru/TiO;
catalysts to elucidate the factors governing the activity and the selectivity. A large panel of
characterization techniques were used to characterize the catalyst before and after catalysis, and insights
into working catalyst through operando spectroscopy and microscopy will be discussed.

Additionally, we aim at improving the catalytic performance by coating the Ru/TiO, catalyst with thin
layers of ionic liquids (ILs)."! This interfacial approach that will be discussed, takes advantage of the unique
microenvironment created by the IL. Considering the great structural flexibility of ILs, identification of
relevant descriptors for CO; hydrogenation, by carefully designing through machine learning, task-specific
ILs to selectively promote the desired chemical pathways should be feasible.
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Abstract

High Entropy Alloys (HEAs) are a novel class of materials that have been reported to be high
performance electrocatalysts for a variety of processes [1]. In particular, they have demonstrated
superior performance in the electrocatalysis of hydrogen production when compared to the current
gold standard electrocatalyst composed of pure platinum [2].

Current methods for producing nanoHEAs are based either on wet-chemical approaches or novel
synthetic routes involving fast heating and high temperatures. However, the former methods often yield
intermetallic alloys rather than HEAs, while the latter class requires specific setups that are difficult to
scale up [3].

We have developed a new synthetic method for the synthesis of nanoscale HEAs. By using molten salts
as liquid media for colloidal synthesis, flanked by induction heating, we have been able to combine the
benefits of the novel process and conventional wet chemistry in a single synthetic method. The
advantages of this process are numerous and include in some cases the control over the size and
morphology of the nanoparticles, as well as the ability to perform high-temperature reactions at
ambient pressure [4].

Our method allows the synthesis of nanoparticles with tunable size below 15 nm of diameter. STEM-EDX
analyses have highlighted the high entropic nature of our materials, showing the desired composition at
the nanoscale. The synthesized HEAs have shown promising performance for HER electrocatalysis,
exhibiting low overpotentials comparable to literature benchmarks with similar composition.
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Figure 1: a) Size distribution extracted from TEM images of our HEA synthesized at different
temperature. b) TEM-EDS chemical mapping of our HEA alloy synthesized at 400 °C.
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The elaboration of new bimetallic nanomaterials
with controlled size, shape and composition capable
of effectively catalyzing chemical valorization
processes have become crucial for sustainable
chemistry.!! Here CoPd bimetallic nanoparticles
(NPs) have been prepared via the organometallic
approach using Co[N(SiMes),]2(thf) and Pd(acac); as
molecular sources. Structural characterization by
high-resolution transmission electron microscopy
(HR-TEM), scanning transmission electron microscopy (STEM), X-ray diffraction (XRD) and wide-angle X-
ray scattering (WAXS) revealed an icosahedral Pd rich core with a less crystalline Co rich shell. Magnetic
characterization through vibrating sample magnetometer (VSM) and specific absorption rate (SAR)
analyses provided relevant insights related to their heating power at a size close to 10 nm, mainly
attributed to the enhanced magneto crystalline anisotropy of the bimetallic nanomaterial. This represents
a significant advantage in comparison to other magnetic bimetallic combinations such as FeNi or CoNi,
which require a larger size to reach their useful hyperthermia properties.?

The as-prepared particles were successfully proved as catalyst for acetophenone hydrodeoxygenation
(HDO) reaction at low temperature using induction heating (IH), demonstrating the presence of Pd
ensembles at the surface. Additionally, multiple para-substituents with different electronic properties
were scoped. Hence, demonstrating the capability of this non-noble/noble metal combination (CoPd) to
carry out difficult reactions at relatively low temperature using magnetically induced catalysis.

CoeoPd
Icosahedral Core

[1] L. Liu, A. Corma, Chem. Rev. 2023, 123, 4855-4933.

[2] a) D. De Masi, J. M. Asensio, P. F. Fazzini, L. M. Lacroix, B. Chaudret, Angew. Chem. Int. Ed. 2020, 59, 6187-
6191; b) J. Mazario, |I. Mustieles Marin, G. Mencia, C. W. Lopes, V. Varela-lzquierdo, G. Agostini, P.-F.
Fazzini, N. Ratel-Ramond, B. Chaudret, ACS Appl. Nano Mater. 2024, 7, 9412-9427.
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Innovative Organometallic Nanocatalysts for the delivery of H, from a Safe Solid
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Dijon, France
2. Laboratory of Coordination Chemistry (LCC UPR CNRS 8241), CNRS, Toulouse, France

Abstract

In the recent years, hydrogen (H,) has proven to be promising for energy transition issues. However, its
storage is still a major challenge, as gas state storage remains bulky and unsafe. To address this question,
solid state storage of H, in molecules has been investigated, especially with ammonia-borane (NH3BHs3,
AB), which has a high theoretical gravimetric hydrogen density of 19.6 wt%. Its conversion is achieved by
mild catalytic process. Here, AB catalytic solvolysis in ambient conditions is studied, in the presence of
various types of nanocatalysts, which could also be recycled by filtration,!! or magnetic separation.!?!

The synthesized organometallic-based nanocatalysts consist in strongly coordinating ligand at the
surface of metal (Ru, Ni) nanoparticles. The ligand chosen in this case is either a polyfunctionalized
diamondoid (adamantyl derivative), or an organometallic ferrocenyl derivative, both allowing the
formation of networks of nanoparticles, which control ultrasmall size of nanoparticles (< 2 nm)."®! For AB
hydrolysis expensive metals like Pt or Rh are very effective.’ Our aim is to use cheaper metals like Ru or
Ni. The nanocatalysts are synthesized from an organometallic precursor, which is decomposed at 60-80 °C
under hydrogen pressure, in the presence of functionalized ligands. Monometallic and bimetallic
nanoparticles were prepared, characterized by XPS, TEM, SAXS and WAXS, then tested in the H, productive
hydrolysis of NH3BHs.

Some Ru-based nanoparticles and Ni/Ru-based bimetallic proved their efficiency in fast H release from
NH3BH; hydrolysis at room temperature, and their recyclability over at least 5 cycles with retention of
high turnover frequency per min.

References (max. 5):
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Colloidal MoS, nanoparticles by organometallic synthesis as improved catalyst
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Molybdenum disulfide (MoS,) is currently investigated as an effective heterogeneous catalyst, promoting
transamidation reactions,’ or C—-C bond formation such as radical-Friedel-Crafts benzylation of arenes.” The
use of MoS, as “bulk material” limits its reactivity. Thus, using it as nanoparticles (NPs) under a stable
colloidal form, might help improving its promising reactivity. MOS, nanoparticles are mostly formed by
solvothermal methods,® which operates at fairly high temperature (> 200 °C) in long-time reactions, or by
various exfoliation methods” that provide only poor control over the morphology of the NPs. We report a
new synthetic procedure forming colloidally stable nanoparticles of MoS, in a one-step process at RT. The
sulfurization of a zerovalent organometallic precursor in solution in the presence of stabilizing agents provide
nicely reproducible MoS, NPs of flat morphology (12 x 2nm). X-Ray photoelectron and Raman spectroscopy
showed a relevant mixture of 1T and 2H allotropic phases. The catalytic reactivity of this colloidal MoS,



Abstract

material was compared to bulk and non-colloidal nanosized systems, allowing to gather the advantages of

homogeneous catalysis (high reactivity) and heterogeneous catalysis (recyclability).
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@
M benjamin.abecassis@ens-lyon.fr

Short Biography

| am a physical chemist working at the Chemistry Lab of the Ecole Normale Supérieure de Lyon. My
research lies at the interface between materials science, soft matter and nanotechnology.

My main current interest is ultrathin 2D colloidal nanoparticles: their synthesis, surface chemistry and
conformation. | also study the self-assembly of nanocrystals from the perspective of the emergence
of collective properties. This implies understanding colloidal forces between particles at the
nanoscale. | am also interested in probing the formation mechanism of nanoparticles using in situ
synchrotron-based X-ray techniques. | have expertise in Small Angle X-ray Scattering.

| have a PhD (2006) from Ecole Polytechnique and i hold the "habilitation & diriger les recherches"
since 2016.

Title of Oral Presentation

Synthesis, twisting and self-assembly of semiconducting colloidal nanoplatelets

Keywords

nanoplatelets, quantum dots, self-assembly, small angle scattering, twisting

Abstract of Oral Presentation

Colloidal nanoplatelets (NPL) are 2D ultrathin (1nm) crystalline nanoparticles coated with a monolayer
of surfactants1. Semiconducting NPLs display outstanding optical properties due to their thickness
being controlled at the atomic level. | will show that NPLs share many features with soft matter
systems. Due to their very small thickness, they can deform under surface stress induced by ligand
adsorption to yield shapes ranging from helicoids, helical ribbons, or tubes typically observed in
(chiral) surfactant self-assembly. 2 We will argue that NPLs belong to the broad class of geometrically
frustrated assemblies and can be very well described in the framework of incompatible elasticity of
thin sheets. In some conditions, NPLs assemble face-to-face into micron-long threads which share
common features with living polymers3. Long-range FRET exchange occurs between NPLs within these
assemblies.4 We also observed twisted chiral threads with defects resembling 1D twist solitons, which
have already been observed in various macromolecules.5
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Au nanoparticle assemblies at polarized liquid-liquid interfaces for SERS
applications

Grégoire Herzog, Madjid Tarabet, Romiald Yechi-Yavo, Yinxi Zou, Manuel Dossot

Université de Lorraine, CNRS, LCPME, F-54000 Nancy, France.

Gold nanoparticle (AuNP) assemblies formed at both solid-liquid and liquid-liquid interfaces have been
widely investigated in spectroscopy because of their plasmonic properties leading to Surface-Enhanced
Raman Spectroscopy (SERS). Recently, we have investigated the SERS signal of organic molecules at a
liquid-liquid interface modified by a floating AuNP film [1].

We will present here the formation of AuNP films at the interface between two immiscible electrolyte
solutions (ITIES) under electrochemical control to explore the possible control of the AuNP assembly
through the tuning of the interfacial potential difference. To achieve this, we apply a potential difference
between the two immiscible phases, inducing the aggregation of AuNPs at the ITIES, gradually leading to
the formation of a film covering the whole interface. We monitor the film formation through two
methods: an electrochemical approach involving the monitoring of the capacitance of the electrochemical
double layer, and a spectroscopic approach using UV-Visible total internal reflection to follow the
evolution of the scattering and absorption properties of the film at the ITIES.

Finally, we will conduct in situ SERS experiments at the ITIES using the electrogenerated films and link
electrochemical parameters used during the film formation with the spectroscopic features of the Raman
signal obtained for the targeted organic molecules.
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Towards a new family of ionic colloidal crystals based on long-chain polyelectrolytes
and small spherical nanoparticles.

The mixing of polyelectrolyte chains and oppositely charged nanoparticles in aqueous
solution results in the formation of electrostatic assemblies. The size, shape and compactness
of these assemblies can vary greatly with the Debye length, the concentration ratio of the
partners and the characteristics of each partner (i.e. charge density, size, shape, persistence
length of the chains).' It is also known that the nature of the phase separation observed around
the charge stoichiometry can vary from one system to another (i.e. liquid/liquid or
liquid/solid). However, to our knowledge, this type of 'asymmetric association' between long
flexible linear chains and small spherical particles has not been known until now, either
theoretically or experimentally, to allow the formation of assemblies with an ordered structure
on large spatial scales (i.e. a colloidal crystal). The aim of this talk is to present a recent result
showing that, contrary to what is generally observed, it is possible to form colloidal crystals
by the electrostatic coupling of a semi-flexible polyanion, hyaluronic acid, and gold
nanoparticles coated with a self-assembled layer of cationic ligands.” This result is all the
more remarkable given that the size distribution of the two partners is not particularly narrow
and the polyelectrolyte contour length (L = 230 nm) is large compared to the particle size (R =
4 nm).

On the basis of small-angle X-ray scattering (SAXS) measurements, I will show in which
region of the state diagram these crystalline structures were formed and highlight the role
played by the flexibility of the PEL chains in the formation of these ordered structures.

1. For instance: Skepo, M. et al. Complexation, Phase Separation, and Redissolution in
Polyelectrolyte-Macroion Solutions, Macromolecules 2003, 36, 508-519

2. Shi, L.; Carn, F.; Boué, F.; Buhler, E. Gold Nanoparticle-Polyelectrolyte Complexes
with Tunable Structure Probed by Synchrotron Small-Angle X-ray Scattering, ACS
Applied Nano Materials 2023, 6, 3990
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Nanoscale control of heat flux in self-assembled ordered nanocrystal solids
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Cruguel’, Emmanuelle Lacaze!, Emmanuel Lhuillier!, Daniéle Fournier?, Florian Schulz?, Cyrille Hamon3,
Hervé Portalés?, and James K. Utterback!
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Institute for Nanostructure and Solid-State Physics, University of Hamburg, Hamburg, Germany

AL

Nanocrystal based solids are a promising class of materials whose emergent properties are highly tunable as
a function of constituent shape, size, material composition and surface-capping ligands. They are of particular
interest for the development of plasmonic, optoelectronic and thermoelectric devices. Understanding and
controlling heat flow in these materials is fundamental to all such applications as heating due to optical
excitation or current leads to performance degradation, instability and unwanted chemical activity. | will
present recent results on the thermal properties of supercrystals of gold nanospheres, nanorods and nano-
bipyramids. Thanks to correlative SEM and spatio-temporally resolved thermoreflectance we were able to
access sub-micron structural and nanosecond dynamical thermal information. In superlattices of gold
nanospheres capped with polymeric ligands, we found that thermal transport is faster in monolayers than in
multilayers. Quasi-ballistic Monte-Carlo simulations suggest that this effect arises as a consequence of the
combination of a long phonon mean free path with ligand interdigitation. In supercrystals of gold nanorods
and nano-bipyramids, we demonstrated that heat flow predominantly follows the orientation of the
elongated nanoparticles and does so even in curved assemblies. In ordered superlattices, heat transport is
anisotropic flowing faster along the particles’ long axis. Our measurements together with finite element
simulations and effective medium modelling show that this anisotropy can be finely tuned through the
nanoparticles’ aspect ratio, shape and packing. Leveraging this anisotropy opens the way to enhanced
thermal dissipation and thermal routing directly using the device’s active material while maintaining control
over size-dependent optical and electronic effects.
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Understanding the Growth Kinetics of Plasmonic Cs,WO0;_5 Nanocrystals for
Shape Control and Polarized LSPR
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While the synthesis of anisotropic metal nanoparticles is well-established, the shape control of
plasmonic semiconductor nanocrystals has remained relatively unexplored.' This class of materials
shows great promise for hosting LSPR (localized surface plasmon resonance) in the infrared optical
region that is inaccessible with metal nanoparticles. Achieving precise shape control, therefore, has
been a critical challenge.

We have developed synthesis methods for anisotropically growing plasmonic CsWOs 5 nanocrystals.” By
employing seed-mediated continuous growth and selective facet deactivation using halide ions, we
precisely control the aspect ratio of nanocrystals in both rod and platelet shapes. We rationalize the
observed growth kinetics adapting the fundamental crystal growth theory® to the strong crystalline
anisotropy of CsWO,4": Distinct growth regimes apply to the basal and prismatic planes of CsWOs
resulting in continuous change of relative growth rates as a function of precursor injection rate. This
fundamental understanding has enabled exquisite shape control of CsWOQO; 5 nanocrystals, even allowing
for switching growth directions when necessary, thereby tuning the LSPR spectrum as intended. We also
demonstrate that the nanocrystals with strong shape anisotropy can be directionally assembled under
electric field. We observe electrically switchable polarization behavior of LSPR, which marks the first
demonstration of polarized infrared LSPR in plasmonic semiconductor nanocrystals.
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Faceted 3D Supercrystals for Plasmonic Photocatalysis: Design, Reactivity and
Operando Studies

Charléne Brissaud, Jean-Yves Piquemal, Miguel Comesana-Hermo
1. ITODYS laboratory, CNRS, Université Paris Cité, Paris, France

Plasmonic photocatalysis has been developed over the last 15 years as a novel means to modulate
chemical reactivity, producing improved efficiencies and better control over selectivity in a plethora of
organic transformations or the activation of small molecules.[1,2] In most cases, plasmonic nanoparticles
are implemented in photocatalysis as colloidal dispersions, with important limitations related to the
photo-desorption of stabilizing ligands and overall long-term stability, among other factors. As an
alternative, we present the use of 3D plasmonic supercrystals obtained via the depletion-induced self-
assembly of plasmonic nanoparticles on a given substrate as heterogeneous photocatalysts for different
organic reactions. The anisotropic shape of the objects used leads to the formation of assemblies exposing
crystalline facets with very diverse electromagnetic field intensities, thus producing different efficiencies
towards a given photochemical process through the generation of hot charge carriers. Moreover, the
modulation of the chemical composition of the nanoparticles allows the activation of different organic
transformations such as polymerization reactions or C-C cross-couplings. Finally, and in order to study the
facet-dependent reactivity of these super-structures, we have monitored their reactivity at the single
supercrystal level and in operando conditions by means of Surface-Enhanced Raman Spectroscopy (SERS).
The experimental data obtained is complemented by optical and electronic simulations, allowing us to
obtain structure-function correlations that help understanding the importance of inter-particle coupling
over large areas of these structures and its influence on the final photocatalytic activities (Figure).[3]
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Influence of crystalline structure on the acoustic vibrations of
elongated nano-objects

Charles Vernier?, Hervé Portalés?
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Metals such as gold or silver are polycrystalline at the macroscale. However, colloidal nanoparticles with
controlled crystallinity can now be synthesized. It has been shown that different crystal facets may have
different catalytic activity,' therefore it is necessary to know the crystalline structure of nanoparticles
before using them in catalysis. This is possible by using expensive electronic methods, such as high
resolution transmission electron microscopy.

In this work, we proceed to uncover the structural features of polycrystalline pentatwinned gold nanorods
(AuNRs_PT) and single-crystal gold nanorods (AuNRs_SC) by optical spectroscopies, namely absorption
spectroscopy and low frequency Raman scattering.

First, the longitudinal localized surface plasmon resonance wavelength is shown to depend on the tip
curvature of the nanorods (AuNRs_PT exhibit more rounded tips than AuNRs_SC, as shown in Figure
la,b). These findings are supported by calculations carried out using the discrete dipole approximation
method.?

Second, the acoustic vibrations of AuNRs are demonstrated to depend on crystallinity. We recorded low
frequency Raman spectra of both AuNRs PT and AuNRs_SC samples and found that the former exhibits
one major band, attributed to a 5-fold degenerated quadrupolar mode of angular momentum [ = 2,
whereas in the latter, this band is split into two modes, Bi; and Bo, (see Figure 1c). This result is
reminescent of a similar result obtained for gold nanospheres of different crystalline structures,’® but was
never observed in elongated objects such as nanorods.

Cc

—AuNRs_SC uf" B,

—AuNRs_PT Figure 1 : Transmission electron
microscopy images of a) single
crystal AuNRs and b) polycristalline
AuNRs. ¢) Low frequency Stokes and
! anti-Stokes Raman spectra of
polycrystalline AuNRs (red) and
single crystal AuNRs (purple).
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Raman Scattering study of Ligand Exchange Effects on the CdS Nanoplatelets.

Sajana Semi, Maria del Carmen Marco de Lucas and Lucien Saviot
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The unique optical and electrical properties of two-dimensional (2D) colloidal cadmium chalcogenide
nanoplatelets (NPLs) make them promising materials for the development of various optoelectronic
devices. Raman scattering provides key insights about the structure and interfaces in these materials. We
report a study of the effects of different ligands on the vibrational dynamics of CdS NPLs of varying
thicknesses. In addition to optical absorption and transmission electron microscopy, Raman spectroscopy
is used to confirm the substitution of the ligands by monitoring both the LO peak of the NPLs and the
various Raman peaks of the ligands. Low-frequency Raman scattering measurements are also performed
to monitor the changes in the frequency of the breathing vibration due to the molecular weight of the
ligand as observed previously for CdSe NPLs?. The agreement between the mass—load model and
experimental measurements is revisited in the context of carboxylate-to-thiolate ligand exchange.
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The synthesis of silicon particles in solution presents significant challenges due to silicon’s tendency
to oxidize spontaneously in the presence of water or air. Discovering new synthetic techniques would
allow for greater control over the size and shape of Si particles. Here we demonstrate a novel redox
reaction between a hexacoordinated silicon complex, bis(N,N’-diisopropylbutylamidinato)dichlorosilane,
and a silicon Zintl phase, sodium silicide (NasSis).! This approach enables the production of silicon particles
with tunable sizes, ranging from 45 to 230 nm, depending on the molar ratios of the two precursors. The
chemical make-up of the particles produced by this method retain the integrity of polycrystalline Si° with
a passive oxidation layer. The fabrication of silicon particles in this size range opens new avenues for the
production of miniaturized optical components and applications in lithium-ion battery anodes.
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Short Biography

Damien BOYER earned his PhD in "Chemistry of Materials" from Blaise Pascal University, Clermont-
Ferrand, in 2000, focusing on the development of sol-gel luminescent materials for optical
applications. Following his doctorate, he spent two years as a research associate at the Materials
Science Center of the University of Manchester. In 2002, he joined the Ecole Nationale Supérieure de
Chimie de Clermont-Ferrand (ENSCCF), now SIGMA Clermont, as an associate professor and obtained
his Habilitation in 2009. Over the course of his career, he has supervised or co-supervised 15 PhD
theses. His research topics are mainly dedicated to the synthesis of size-controlled inorganic or hybrid
phosphors through various materials synthesis processes for optical applications (96 Publications, and
5 patent families). His current research interests include the synthesis of red-emitting phosphors for
LED-based lighting, green-emitting phosphors for micoLED displays and infrared-emitting phosphors
for biological labelling. he has been leading the Luminescent Materials (LM) group at the Institute of
Chemistry of Clermont-Ferrand. The group consists of around 20 members, including 8 permanent
researchers

Title of Oral Presentation

Nanosized inorganic and hybrid phosphors for optical applications

Keywords

Nanoparticles ; Phosphors ; microLED/LED ; Display ; up-conversion

Abstract of Oral Presentation

Over the past decade, the demand for nanophosphors has surged, driven by the growing need for
advanced materials in a variety of applications. Specifically, nanosized phosphors with superior optical
properties have garnered significant attention due to their potential in high-performance displays,
fluorescent probes for nanomedicine, and even specialized applications like 3D printing using inkjet
technologies. Two main strategies for designing these materials can be considered: bottom-up
approaches (constructing them from molecules) and top-down methods (reducing bulk materials to
the nanoscale).



In this talk, | will explore both strategies for synthesizing various types of nanosized phosphors,
including inorganic (oxide and fluoride), organic-inorganic hybrids (organic dyes encapsulated in silica
nanoparticles), and semiconductor nanocrystals (Quantum Dots or QDs). | will focus specifically on the
preparation of Y3Als042:Ce3* [1] and NaYF,:Yb3*, Tm3* nanoparticles [2], and discuss their applications:
the former as a yellow-emitting phosphor for LED devices based on microLEDs (ULEDs), and the latter
as an up-converting phosphor for infrared medical imaging. Additionally, | will present the
development of luminescent hybrid nanoparticles, where fluorescein is encapsulated within a silica
matrix using the reverse microemulsion method [3]. Lastly, | will discuss a family of cadmium-free
quantum dots, consisting of InP cores coated with a ZnS shell. These QDs are particularly promising
due to their remarkable size-dependent optical properties, which make them ideal candidates for a
variety of applications [4,5].
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Abstract

The nanomanufacturing success not only rely on the precise control of the material physical/chemical
properties but also on the reproducibility and scalability. In this context, spark ablation is becoming an
adopted technology to produce nanoparticles [1]. This fully-dry approach is characterized by the absence
of chemical wastes, precursors or binders requirement leading to high pure throughout. Furthermore,
it’s considered as a versatile NP generator since any solid (semi)-conductor (pure metals, alloys or doped
semiconductors) can be used and mixed, implying that a myriad of material compositions can be produced
(Figure 1 schematized a spark ablation process). NPs particles sizes can be also controlled simply adjusting
the spark ablation parameters. The produced NPs can be directly deposited onto the desired substrate
using inertial impaction through an automated, single-step process. Such a platform tool enable a
deterministic nanomanufacturing method capable to produce both complex nanoporous layers and
sample arrays high-throughput screening. The tool for this process has been commercialized by VSParticle
as a Nanoprinter, and has already been implemented for the fabrication and testing of chemical sensors
[2] electrocatalysts for green hydrogen [3] and, among other applications [1]. In this work, it will be
discussed the working principles of spark ablation and deposition techniques and the influence of key
sparking parameters on the material formation. This manufacturing process aims to accelerate the
material discovery and drastically reduce time to market for innovative devices based on nanomaterials.

Figure 1: Spark ablation mechanism for synthesis of nanoparticles.
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In the context of a digital society with a continuous intensification of wireless communications [1],
addressing energy overconsumption is essential. Among different components, the inductors are
widespread constituents for integrated circuit. The addition of soft magnetic materials on inductors allows
condensing the local magnetic flux and thus reducing losses. Combining high magnetization and insulating
electrical properties, nanoparticles are ideal building blocks for fabricating such integrated magnets by a
bottom-up approach.

In this work, we studied the effect of the intrinsic properties of the nanoparticles and of the collective
assembly on the high frequency characteristics of the inductors. To do so we synthesized Fe, FeNi and
FeCo nanoparticles using the co-decomposition of organometallic precursors in the presence of an
acid/amine ligand couple under reducing conditions [2,3] and CoNi nanoparticles by a polyol process [4]
varying their size from 9 to 90 nm. The nanoparticles were assembled into submillimetre micromagnets
by a magnetophoresis process directly onto inductors [5] (Fig 1-a, b). The impact of the experimental
parameters on the microstructure has been studied by SAXS (Fig 1-c). Anisotropic assemblies consisting
of densely packed NPs were obtained. RF measurements show a 50-60% increase of the inductance value
up to 3 GHz in presence of 12 nm FeCo-based magnet but requiring an epoxy protection against oxidation,
or with 50 nm CoNi-based magnet.

Fig. 1- (a, b) SEM images of the micro-magnets. (c) The corresping 2D SAXS.
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Gold nanoclusters (AuNCs) are bright, non-toxic fluorophores with small size, long fluorescence lifetime,
and good biocompatibility, making them attractive for biosensing and bioimaging."® However, their
synthesis by efficient, scalable, and environmentally friendly methods has not been deeply explored. In
this work, we focused on the development and optimization of a photochemical approach for the
synthesis of AuNCs by UV light at 254 nm in the presence of glutathione (GSH), which simultaneously
acts as a reducing agent and capping ligand. Using this approach, we achieve rapid formation of
monodisperse AuNCs without the need for high temperatures, harsh chemical reductants, or long
reaction times. The tuning of their optical properties by varying the Au: GSH molar ratio or in presence
of other ligands was also investigated. The obtained AuNCs exhibit, when excited at 390 nm, dual
fluorescence emission at 440 nm and 700 nm. This dual emission is attributed to different electronic
transitions: the emission at 700nm is related to ligand-metal charge transfer (LMCT) processes, while the
emission at 440nm second arises from quantum confinement effects due to the ultrasmall size of the
nanoclusters core. These NCs exhibit a good photothermal conversion at different wavelength excitation
(405 nm, 470 and 532 nm, n%= 30%. Further characterization was performed by UV-Vis absorption
spectroscopy. Thus, this method represents a new and versatile method to obtain AuNCs. This approach
is thus simple, scalable and environmentally friendly, positioning it as a valuable contribution to the field
of nanotechnology.
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Abstract

Introduction. Gold nanoparticles have garnered significant interest from the scientific community due to
their plasmonic properties when exposed to visible light [1]. Manganese oxide is also noteworthy for its
catalytic properties across various fields. It has demonstrated exceptional catalytic performance in
oxidation processes, particularly in biomedical therapies [2] and in the biomass conversion of 5-HMF [3],
while being low-cost, low-toxicity, and abundantly available [4]. The combination of plasmonic effects
with manganese oxide activity offers new perspectives and demonstrates enhanced performance. Thus,
this work focuses on the synthesis of plasmonic Au@MnO2 nano catalysts, their characterization and their
catalytic results.

Methods. The synthesis of nanoparticles was carried out in a colloidal solution for spherical Au NPs,
through a hydrothermal reaction for octahedral Au NPs, and via an a-naphthol-assisted preparation for
Au NPs nanowires. Subsequently, these nanoparticles of different shapes were coated with a layer of
manganese oxide using a pH-adjusted KMnO,4 reduction method.

Results and discussion. LSPR effects were observed for Au NPs and for Au@MnO2 structures. These
resonances confer high photocatalytic activity to prepared materials. In addition, the structures were
analyzed using TEM, which highlights the core-shell structure, as shown in the image.

The octahedral and nanowire nanoparticles coated with MnO2 represent novel structures not previously
reported in the literature. Some of our results highlight the plasmonic and photoactive nature of the
Au@MnO2 systems, confirming their effectiveness under specific conditions.
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Highly luminescent silica nanoparticles containing lanthanide ions are of interest for isotropic optical
materials with applications in imaging and optical communications. For such applications, the dispersion
of the lanthanides with the metal oxide matrix and the level of doping must be precisely controlled. To
achieve such control, we use a two-step colloidal synthesis approach. Starting from highly monodispersed
lanthanide-doped zirconia nanoparticles using a hydrothermal approach, we then coat them with silica by
a sol-gel approach. The well-crystallized seeds with a diameter of around 5 nm are homogeneously doped
(5 to 10% mole fraction with the emitters). They can be trapped in large quantities in silica beads to give
rise to highly luminescent nanoparticles. Using single-cluster spectroscopy, we show that the
luminescence properties are reproducible from particle to particle. These findings which allow precise
control over size and morphology, open avenues for the manipulation of unusual light-matter
interactions.
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A lot of different environmental pollutants exist that are harmful to human health and the environment,
so removing them and monitoring their presence is essential. Adsorption has gained a lot of attention for
pollutant capture and extraction, especially with the development of nanotechnologies. The possibility to
design composite nanomaterials of graphene and iron oxide for depollution strategies is particularly
attractive because it couples the high adsorption efficiency of graphene with an easy magnetic separation.
In this context, we successfully developed graphene/iron oxide nano-adsorbents by a reproducible one-
pot polyol method. These nanomaterials proved to be highly efficient in the removal from water of
polycyclic aromatic hydrocarbons (PAHs), which are ubiquitous pollutants with associated health risks.
We first tested the adsorption of benzo(a)pyrene with our graphene/iron oxide nanocomposites, due to
its high carcinogenicity, reaching >99.9% of removal [1]. The simultaneous adsorption of 16 PAHs showed
a preferential adsorption of PAHs with higher number of rings, reaching removals >95% for the
nanocomposite and surprisingly iron oxide nanostructures alone also showed adsorption potential.
Likewise, when studying the simultaneous adsorption of mono- and polyaromatic compounds, there was
selectivity for polyaromatics, in agreement with the previous results. The developed adsorbents also
showed potential to remove other relevant environmental pollutants. Nevertheless, challenges remain in
the adsorbent’s development for continuous depollution processes, as they need to be supported in bulk
materials to avoid their loss to the environment. We successfully loaded these nano-adsorbents into
supports and their depollution performance was tested, showing results in agreement with the previous.
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