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Figure 1. Photoluminescence emission spectra recorded on

SrErGa;0; Glass in black, Disordered polymorph in blue and
the Ordered 3x1x1 melilite in red.

The ABC307 melilite structure type is a well-
known host matrix for luminescent materials -
2, It crystallizes in a tetragonal system within a
P-42:m space group and cell parameters of
a=7.93 A, c=5.22 A, according to a layered
structure along the z axis formed by corner-
sharing MO4 tetrahedra, between which alkaline
earth and/or rare earths cations are located .
This structure type allows certain flexibility on
the cations size that can be inserted between
the layers. Using an alternative synthesis
process “full and congruent crystallization from
glass”, facilitated by a unique melt-quenching
approach (aerodynamic levitation coupled to a
CO2 laser), a new SrREGaszO7 melilite
superstructure, which is a 3-fold (3a x b x ¢)
superstructure of the melilite sub-cell,
crystallizes for small rare earths (RE = Dy — Lu,
Y). Depending on the proceeded heat treatment
on glass samples both disordered and ordered
melilites can be stabilized independently, as
transparent bulk ceramics. This new

superstructure crystallizes in an orthorhombic system within a P21212 space group and cell parameters
of a=23.79A, b=7.93A and ¢=5.22 A, with the same layered sub-structure. This superstructure is due to
an ordering of the A site cations among the a axis which results in a 3-fold expansion of the a parameter.
The photoluminescence emission spectra show a clear restructuration of the bands and a maximum
intensity that is almost doubled in comparison with the glass and the disordered polymorph emission
bands This is related to the introduction of a completely dedicated site for the rare earth in addition to
the mixed Sr/RE site, compared to the disordered polymorph which contains only one mixed A-cation
site. Optimization of the luminescence properties can be induced by a structural ordering which we have
shown here by comparing the ordered and disordered melilite photoluminescence emission spectra.
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Yoneda and A. Shirakawa, Laser Phys., 2014, 24, 085803.
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Nanocrystals (NCs) with luminescent rare earth (RE) ions are attractive for their potential applications
in several fields such as bio-imaging, light-emitting displays, anti-counterfeiting technologies,
telecommunication, lasing, and high-energy photon detection. The narrow absorption cross-section of
RE ions is a major drawback for their photoluminescence (PL) efficiency. Semiconducting NCs as RE
hosts are attracting for broadband sensitization of RE PL in the visible range,~* with tunable absorption
range depending on size and shape of NCs in the quantum-confined regime.

RE chalcogenides would be ideal host nanostructures, with high insertion rates of RE emitters and
bandgap energies between 1.6 and 2.9 eV in the sulfides of the lanthanide series. Bulk RE sulfides are
diverse by means of composition, with RE +2 and/or +3 valences and S -2 and/or -1 valences stabilized
among the various structures. However, europium monosulfide is the only representative stabilized as
colloidal dispersions of NCs to date. New synthetic routes to RE chalcogenides NCs with controlled
compositions, sizes and shapes are necessary to develop technologies based on photoluminescent RE
ions sensitized by semiconducting NCs.

We present an original synthesis of colloidal RE sulfide NCs, based on the reaction of RE iodides and
elemental sulfur or (bis-trimethylsilyl)sulfide ((TMS)2S) in oleylamine. Mono-, sesqui- and disulfide NCs
are isolated, as demonstrated with EuS, La>Ss and LaS.. Phase speciation at the nanoscale between
y-La2S3 and LaS: relies on the choice of sulfur source. LaS2 nanoellipsoids and nanoplates are obtained
with thickness down to 2.8 nm. Size- and shape-dependent light absorption are characterized for EuS,
LazSs and LaS.. We observe that Er3* PL at 663 nm is excited in 10 % Er-doped La2Ss NCs via
absorption of La2Ss semiconducting host from 390 to 450 nm.

These results should attract interest for applications relying on sensitized RE PL and motivate future
works to stabilize diversified compositions and morphologies of RE chalcogenides as colloidal NCs.
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DEVELOPMENT OF A TRICHROMATIC PHOSPHOR WITH TUNABLE
EMISSION COLOR THROUGH A MACHINE LEARNING APPROACH
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Summary: The discovery of new materials with optimized luminescence properties requires a huge
number of assays. Fundamental understanding or predictive theories are not sufficient nor accurate
enough to identify a material with specific properties. In this study, we focused on
Ca14ZnsGas0s5:Mn™* Mn?* Tm** (CZGO) phosphor. The three dopants exhibit luminescence
properties in distinct spectral regions, namely red (Mn“), green (Mn2+), and blue (Tm3+) (see figure
la). CZGO samples are synthesized in air according to a conventional solid state method, followed by
a thermal treatment in reductive atmosphere. Five parameters that are able to influence the
photoluminescence properties are identified. The resulting emission color can be tuned thanks to the
temperature and the duration of the reductive thermal treatment, the concentration of Mn and Tm
precursors as well as the excitation wavelength. Thus, the optimization of the luminescence properties
of such single-phase material co-doped with three different activators remains challenging. In addition,
charge transfers can occur between dopant ions, and consequently the control of each emitting center
contribution is limited. To this end, we propose to combine experimental synthesis with a machine
learning approach, in order to accelerate luminescence properties optimization. The resulting emission
color of one single material can screen a broad range of emission colors (figure 1b), and the signature
of the phosphor can be finely predicted, which can be very useful for many applications as LEDs, UV
detection or anticounterfeiting.
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Fig. 1 a) Excitation and emission spectra of CZGO:Mn**, Mn®*, Tm** phosphor b) CIE diagram of CZGO:Mn**,
CZGO:Mn**, CZGO:Tm*" phosphors (the dark line define the color range that can be reached by the studied
phosphor).
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MOLYBDENUM OCTAHEDRAL IODIDES: A NEW CLASS OF
AMBIPOLAR MATERIALS FOR SOLAR ENERGY CONVERSION
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Summary: Ambipolar materials are a class of compounds that can intrinsically transport and transfer
simultaneously both charge carriers, holes and electrons in a comparable way.[»2 Unlike conventional
unipolar semiconductors in which a type of charge carrier is predominant, ambipolar materials can
display p-type and n-type characteristics within a single device, which makes them attractive materials
for many different application fields such as sunlight conversion.?3l Only few materials such as
semiconducting polymers, carbon nanotubes, 2D materials or organic-inorganic hybrid perovskites
exhibit ambipolar behaviors.l13 Their intriguing intrinsic electronic properties result from their specific
electronic structures widely tuned by their morphology, composition and size.l*-3l

The authors recently investigated the ambipolar character of Mos clusters compounds. Transition metal
cluster (MC)-based halides are nano-objects that have a tri-dimensional size restriction giving them
fascinating optical and electronic properties such as molecule-like energy gaps, strong absorption in the
visible and/or NIR spectral regions, deep red luminescence or high (photo)catalytic properties.**]
Outstanding ambipolar properties of MC compounds were highlighted through a range of
photoelectrochemical characterizations and led to the design, as a demonstrator, of an all solid solar
cell integrating a MC-based light-harvester.[”l Thus, this presentation will be focused on the evidence of
the ambipolar character of Mos cluster iodides, from its origin to its interest for solar energy conversion.

Simultaneous and comparable electron and hole photo-injection

Electron extractor
Electron

MC layer % extractor

Hole extractor

Glass substrate
[Mogl'gl?4(H20)%] /

Fig. 1 All solid solar cell structure prepared from ambipolar MC iodide.
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Eu®*/Tb3" MIXED METAL-ORGANIC FRAMEWORKS (MOFS) FOR
RATIOMETRIC LUMINESCENT THERMOMETRY
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In 2012, Cui et al. have shown that lanthanide mixed-MOFs bearing two Ln3* emitters (i.e. Th3* and
Eu3*) present a great potential for application as ratiometric luminescent thermometers.[1] Since
then, numerous lanthanide-based MOFs have emerged as new luminescent thermometers due to the
infinite possibilities offered by the incredible numbers of suitable organic ligands. However, no study
focuses on the rationalization of the key parameters that control the thermometer performances such
as temperature sensing range or relative thermal sensitivity.

In a previous work, the impact of the lanthanides composition on the thermometric properties has been
studied by our group on a series of mixed Eu-Th isophthalate MOF.[2] We evidenced that an increase
of the Eu3* molar content leads to an improvement of the relative thermal sensitivity with a concomitant
decrease of the corresponding temperature sensing range.

In this study, we are focused on two series of isostructural mixed-MOFs built on the ligand 1,2,4,5-
benzenetetracarboxylic acid (HsBtec, Figure 1l1a), with general formula [TbixEux(HBtec)]n and
[GdosThosxEux(HBtec)]n (Figure 1b). Here, we highlight for the first time the influence of Gd3* addition
on Tb®*-to-Eu®* energy transfer processes and thermometric properties. Indeed, the Gd3* dilution
decreases the Th3*-to-Eus* energy transfer efficiency and allowed the addition of Eu3* in wider range
without totally quench the emission of Tb3*. Moreover, for compositions from 1 to 40% of Eus*, the
relative thermal sensitivity has been increased by a factor of 3 and a shift of the corresponding
temperature sensing range has been observed from 120 to 170 K (Figure 1c). This confirms the
possibility to chemically modulate the thermometric properties. Theoretical calculations are in progress
to determine the Ln3* energy levels involved in the temperature-sensing process (Pr. Luis Carlos,
Aveiro).
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Figure 1. a) 1,2,4,5-benzenetetracarboxylic acid (H4Btec). b) Crystal structure of [Ln(HBtec)]n. ¢) Thermal
evolution of the relative sensitivity in the ThixEux and Gdo.sTbos-xEux series, in the 80-300 K range.
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PLASMA DEPOSITED W/SiCH NANOCOMPOSITE AS HIGH
TEMPERATURE AIR-STABLE SOLAR SELECTIVE ABSORBER
COATINGS FOR CONCENTRATED SOLAR POWER RECEIVERS
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Summary: Improving the performance of concentrated solar power technologies (CSP) requires the
development of optically efficient innovative materials. One objective is to develop, by plasma deposition
techniques, composite coatings with spectral selectivity, that is to say high absorption in the solar
spectrum range (UV, visible and near infrared) and low emissivity in the infrared range to limit radiative
thermal losses. These materials should also have other characteristics: resistance to high temperatures
in air under concentrated solar conditions, and high resistance to the high amplitude cyclic
thermomechanical stresses inherent to such applications.

High-performance solutions have been developed in PROMES laboratory such as, on one hand,
dielectric-metal multilayer interference stacks, and on the other hand, ceramic-metal composites
(cermets). Compared to multilayers, nanocomposites are known to be more resistant to oxidation,
corrosion and thermomechanical stress. Indeed, their microstructure limits the diffusion of ambient
oxygen into the coating by eliminating grain boundaries and improving mechanical properties (blocking
of cracks propagation, resistance to deformation, etc.). As a matter of fact, previous optical simulations
showed that cermet composites present higher heliothermal efficiencies compared to classical
multilayers.

Composites were thus produced using two different plasma ways. The first one is by annealing
multilayers to provoke interlayer diffusion. The latter are stacks associating a refractory metal (W)
deposited by RF magnetron PVD and a ceramic (SiC:H) deposited by pywave-PACVD, allowing to
improve solar absorptance (~ 89%) as well as thermal stability. The second way is by direct deposition
of a SiC:H matrix with inclusions of W, by reactive magnetron sputtering, with or without assistance of
ECR microwave sources. To highlight the high performance of these two types of materials, plasma
process diagnostics (OES, laser diffusion) were coupled with material characterizations (SEM, EDS,
XPS, RBS, Ellipsometry, UV-Vis-IR Reflectometry) of the monolayers and their association in high-
performance stacks.

On one hand, for multilayers, coupling of SEM/EDS, RBS profiles and reflectometry measurements on
annealed multilayers (500°C in air during 96 h) show W diffusion at W/SIiC:H interfaces and Silicon
oxidation at the top surface of the stacks (O~16%at.)(Fig. 1). Formation of a self-protective silicon based
oxide top layer, with a low refractive index, and creation of complex SiC:H-W interlayers could explain
the observed improvement of solar performance of the multilayers after thermal treatment in air. On the
other hand, multimode AFM show that assisting reactive magnetron sputtering with microwave ECR
excitation give rise to composites where W metal nanoparticules are homogeneously embedded in
SiC:H matrix. (Fig. 2)

Those nanocomposites are proposed to be stacked in multilayers. Those two solutions present
thermomechanical compatibilities with CSP applications.

90 nm

Fig. 1 MEB image of multilayers W/SIiCH Fig. 2 AFM image of W-SiCH nanocomposite
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SOLID-STATE SYNTHESIS OF BISMUTH PHOSPHATE
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Summary: The constructing of phase heterojunction photocatalytic system has received much
attention in environmental purification and hydrogen generation from water M n this study, a
monoclinic bismuth phosphate heterojunctions were synthesized via a solid-state process @ The
photocatalytic performance was evaluated by the degradation of rhodamine B (RhB) and Methyl
parathion (MP) under UV-visible light irradiation. Results show that the as-synthesized BiPO,
heterojunctions can significantly enhance photocatalytic activity in comparison with that of commercial
particles of TiO,, ZnO and Bi,Os.

The submicronic bismuth phosphate particles presented the highest apparent rate constant compared
to those of the commercial materials in which the presence of surface defects could be behind this.
[m]ese defects might be in relation with the specific photoluminescence observed under UV excitation

The detailed photocatalytic oxidative process of RhB under these different conditions was revealed by
measurement of the UV-VIS spectra, HPLC, LC-MS and TOC analysis. A photocatalytic degradation
mechanism of rhodamine B in the presence of BiPO, photocatalyst is proposed. The mineralization of
rhodamine B is confirmed from total organic carbon (TOC).
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NEW CIGSy LAMELLAR MATERIALS FOR PHOTO-INDUCED
APPLICATIONS (PHOTOVOLTAICS AND PHOTO-CATALYSIS)
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Recently, our research group has identified new CIGSi lamellar phases in the Cuz2S-1n2S3-Ga»Ss system
[1]. CIGSs (Cuos32In1.74GanssSs), CIGSs (Cuo.esinizsGairaSs) and CIGSs (Cuiaalnz77Gao7eSe) are
interesting compounds looking to their optical gaps (see Figure 1) that can be comparable to those of
the chalcopyrite Culno.7Gao.3S2, studied as potential absorber in a tandem solar cell and well represented
in the emerging thin-film photovoltaic [2]. As it is shown in Figure 2 these materials present a 2D structure
with generic compositions (Md)n-2(In ©on) Sa (M = Cu, In, Ga), with cations in tetrahedral (Td) and
octahedral (Oh) sulphur environments. All compounds exhibit a van der Waals gap (~3 A).

The present work reports the further study of these new materials to identify their potential for photo-
induced applications with a final objective of assembling a laboratory thin-film photovoltaic cell but also
preparing these compounds with a suitable microstructure for photocatalysis.

Initially, intrinsic properties of the synthesized CIGSn lamellar compounds were determined and
compared to those of the chalcopyrite ones. Therefore, the flat band potentials of CIGS» compounds
were measured, aiming to optimise the heterojunction offsets, as a first step on bulk samples. The
obtained results were compared to that of the chalcopyrite Culno.7Gao.3S2 which was estimated around
-5.3 eV (see Figure 3).

The CIGSn lamellar samples were successfully synthesised as bulk samples using the ceramic route
and as thin films by vacuum co-evaporation technique from elementary sources. Figure 4 shows an
HAADF-STEM image of the scratched powder from a prepared thin film presented on the bottom of the
figure. The measured distance between the octahedral In-S layers (observed as brighter lines) as well
as chemical composition analysed by EDX, confirm that a CIGSs lamellar phase has been successfully
deposited [3].

Other synthetic methods (microwaved-assisted solvothermal synthesis) also was carried out to adapt
the microstructure. CIGSn nanocrystals were successfully prepared for the desired application, although
the Cu(Ga,In)S2 phase is detected as impurity, first catalytic tests will be undertaken soon.

Moreover, an anionic substitution study was implemented in order to find out if it is possible to keep the
same lamellar structure while replacing sulphur by selenium and also to modulate the optoelectronic
properties of the compounds.

Figure: 1) Kubelka-Munk transformed reflectance spectra of CIGSn and Culno.7Gao.3S2 compounds. 2) CIGSn
structure types. 3) Sketch of the energy diagrams of CIGSs and of Culnoe.7Gao.3S2 chalcopyrite. 4) HAADF-STEM
image of CIGSs thin film.

[1] Caldes, M., Guillot-Deudon, C., Thomere, A., Penicaud, M., Gautron, E., Boullay, P., Bujoli-Doeuff, M.,
Barreau, N., Jobic, S. and Lafond, A., 2020. Layered Quaternary Compounds in the CuzS—In2Sz—GazSs system.
Inorganic Chemistry, 59(7), pp.4546-4553.

[2] Thomere, A., Guillot-Deudon, C., Caldes, M., Bodeux, R., Barreau, N., Jobic, S. and Lafond, A., 2018.
Chemical crystallographic investigation on CuzS-In2Ss-GazSs ternary system. Thin Solid Films, 665, pp.46-50.

[3] Funded by the French Contrat Plan Etat-Région and the European Regional Development Fund of Pays de la
Loire, the CIMEN Electron Microscopy Center in Nantes is greatly acknowledged.
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FROM CLUSTERS TO NANOSTRUCTURED
TRANSITION METAL NITRIDES AND CARBIDES.
APPLICATION IN HETEROGEOUS CATALYSIS
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Summary:

Transition metal nitrides/carbides form a class of materials with unique physicochemical properties,
giving them a wide potential of applications, in particular in heterogeneous catalysis, in reactions
traditionally catalyzed by noble metals [1].

Our collaboration within the consortium Université de Rennes 1 - CNRS - Saint-Gobain - IRL LINK
(Tsukuba, Japan) is illustrated by recent results in the preparation of nanostructured transition metal
nitrides and carbides from cluster compounds for the water gas shift reaction (WGSR: CO + H,O 2>
CO, + H,). The aim is to develop a less expensive alternative to platinum used as a catalyst. This
reaction is used in particular upstream of fuel cells for vehicles in order to purify the dihydrogen
supplying the cell.

This presentation will focus on the nitridation of the nanoscale precursor (TBA),MogBry4 [2] which
leads at relatively low temperatures to Mo,N and MosNg nitrides with high specific surface areas. The
study of the catalytic properties shows that the cluster route, compared to the classic oxide and sulfide
routes [3], leads to higher CO / CO, conversion rates [4]. A similar approach between molybdenum
clusters and sucrose or urea allows to extend this original process to the synthesis of nanostructured
carbides.
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D., Tardivat C., Uchikoshi T., Ohashi N., Cordier S. Chem. Mater. 2020, 32, 6026-6034.

Journées de la Division Chimie du Solide de la SCF — 15-19 Novembre 2021


mailto:Franck.Tessier@univ-rennes1.fr

EVOLUTION OF CERIUM TRIHYDROXIDE Ce(OH)3 IN AIR: TOWARD
AN UNREPORTED CERIUM (OXY)HYDROXIDE PHASE?
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Summary: Cerium oxide is a well-known mixed valence oxide, used for a variety of catalytic reactions
ranging from automobile exhaust to gas phase semi-hydrogenation of acetylene.l! We report here a
hydrothermal synthesis of Ce(OH)s and CeO2 100 nm large nanoparticles by precipitating a cerium
nitrate salt with KOH (Fig. 1). We studied the influence of several process parameters, in particular the
gas phase of the reaction, on the final Ce(OH)s/CeO: ratio, and could obtain XRD-pure Ce(OH)s. We
discovered by serendipity an unreported evolution in air of Ce(OH)s into a close crystal phase, not
referenced in the databases. The “air aged Ce(OH)s” contains Ce(") atoms but is different from CeO>
and Ce(OH)4. The material was characterized by means of X-ray Diffraction, Infrared spectroscopy, X-
ray Absorption Spectroscopy and Transmission Electron Microscopy (Fig. 1A-C) in order to suggest a
possible structure. We also proved a low temperature calcination (200 °C, 2 h, Ar) of this “air
aged Ce(OH)s“ produces highly defective cerium oxide CeOz2x nanoparticles.

We then investigated the interaction of the reduced cerium oxide CeO2x with Hz (0.14 mbar) by
Near Ambient Pressure — X-ray Photoelectron Spectroscopy (NAP-XPS). At 100 °C, the surface Ce
ratio decreases from 72 % to 48 % upon increasing Hz pressure (Fig. 1D), interpretated as the formation
of surface hydrides at oxygen vacancy sites. Such an oxidation of the surface Ce("” atoms in Ce) atoms
by incorporation of Hz is consistent with recent observations in the case of CeO2 micropatrticles (from
9.2 % to 6.5 % for Freund et al.) but in a larger extent in our case.! Our result suggests that highly
reactive mixed valence cerium oxide obtained through this controlled synthesis path could be of high
interest to form surface hydride and thereby for hydrogenation catalysis.
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Fig. 1 Hydrothermal synthesis of Ce(OH)s and subsequent aging and calcination. (A) XRD pattern of fresh Ce(OH)s.
(B) XRD pattern of aged Ce(OH)s (green bars: Tm(OH)3). (C) TEM image of the Ce(OH)sz nanoparticles (the black
bar represents 100 nm). (D) NAP-XPS spectra of reduced cerium oxide upon exposure to Hz (orange component
is associated to Ce()).
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EXPLORING ZINC-TEREPHTHALATE COMPLEXES THROUGH
MULTI NUCLEAR SSNMR AND IN-SITU REACTION MONITORING BY
RAMAN SPECTROSCOPY
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Summary: Mechanochemistry has shown impressive improvements in past decades for developing
sophisticated materials such as pharmaceutical cocrystals, zeolite-based catalysts or metal-organic
frameworks (MOFs).[1] The latter are elaborate porous materials exhibiting interesting applications in
storage of fuels, capture of CO2, catalysis...[2] Being able to control the nature of MOFs synthesized
under mechanochemical conditions thus appears as an important goal. In this context, recently, in-situ
methods for mechano-synthesis, such as X-Ray diffraction under synchrotron beam or Raman
spectroscopy, have emerged so that information about reaction rates and presence of intermediates are
now becoming accessible.[3]

In this contribution, we have studied the formation of zinc-based MOFs using terephthalic acid as organic
ligand. The observation of several intermediate phases was made possible by in-situ Raman
spectroscopy during ball-milling synthesis (see Fig. 1 a)). Solid-state NMR spectroscopy was then used,
along with FTIR, to obtain information about unknown structures observed during the synthetic route.
13C chemical shifts were proven to be sensitive to the binding mode of the dicarboxylic acids on the zinc
atoms, in line with previous studies. [4] Chemical shift differences up to 5 ppm (Fig. 1 b)) helped to
distinguish between monodentate and bridging binding modes. Moreover, further structural information
could be obtained through the use of 1D and 2D 7O NMR experiments of enriched compounds (Fig 1c).

b) CM‘IBST
0 S 10
wﬂu “ ‘\ 240
A172.1 M& = [ /
£ Ak
g 260 4 i {
1758 J\ 172.7 A o @‘%‘f.:
= : '\“%’
176.7 280 s
o)
0 | I /
1380 1400 1420 1440 1460 1480 180 170 160 150 140 130 120 110 200 250 200 150 100
Raman shift / cm 8("3C) / ppm 8,(170) / ppm

Figure 1. a) In-situ Raman spectroscopy of zinc terephthalates coordination complexes. b) 13C ssNMR of the four
different phases observed with Raman spectroscopy during the ball-milling synthesis. C) 7O MQMAS spectrum of
a 1’O-labeled zinc terephthalate compound.

[1] Frisci¢, T., et al., (2020). Angew. Chem. Int. Ed. 59, 1018-1029.
[2] Furukawa, H., et al., (2013). Science. 341, 1230444.

[3] Kulla, H., et al., (2018). Angew. Chem. Int. Ed. 57, 5930-5933.
[4] Habib, H. A,, et al., (2009). Dalton. Trans. 10, 1742-1751.
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3D PRINTED CELLULOSE NANOCRYSTALS BASED COMPOSITES:
TOWARDS ROBUST BIOMIMETIC SCAFFOLDS FOR BONE REPAIR
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repair.

Summary: Cellulose nanocrystals (CNCs) are drawing increasing attention in the field of biomedical
and smart healthcare due to their inherent sustainability, biocompatibility, biodegradability and high
mechanical properties. In this research, plant fibres were extracted from Ficus thonningii (FT),
naturally available in Cote d'lvoire, treated with sodium hydroxide and hydrogen peroxide to remove
hemicellulose and lignin and finally collected as cellulose. The collected cellulose was subjected to
acid hydrolysis with sulphuric acid to obtain CNCs. The prepared nanocellulose was further
characterised using Fourier transform infrared spectroscopy, X-ray diffraction and scanning electron
microscopy to elucidate the chemical structure, crystallinity and morphology. Next, we fabricated 3D
composite scaffolds based on polylactic acid (PLA) and extracted CNCs by fused deposition modelling
(FDM) 3D printing technology and evaluated their biological performance. Scanning electron
microscopy revealed that the printed scaffolds exhibit interconnected pores with an estimated average
pore size around 400 pm and are therefore suitable for the viability, attachment, proliferation and
differentiation of bone cells. X-ray diffraction confirmed the presence of CNCs. The incorporation of 3
wt % of CNCs in the composite improves the mechanical properties of PLA (Young's modulus
increased by 27.5%) and surface roughness, while contributing to the improvement of wettability by a
transition from the hydrophobic surface of PLA to a hydrophilic surface (contact angle with water
decreased by 17.27%). The mineralisation process of the printed scaffolds using simulated body fluid
(SBF) was performed and the nucleation of hydroxyapatite was confirmed. In addition,
cytocompatibility tests reveal that PLA and PLA-CNCs composites are non-toxic and compatible with
osteoblastic cells. Our design, based on rapid 3D printing of PLA-CNCs composites, combines the
ability to control the architecture and ensure good mechanical and biological properties of the
scaffolds promoting thus potential materials for applications in tissue engineering and regenerative
medicine.
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TUNING SIZE AND SHAPE FOR THE DESIGN OF INNOVATIVE
THERANOSTIC IRON OXIDE BASED NANOPARTICLES ENSURING
MULTIMODAL THERAPY
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Summary:

Designing nanopatrticles (NPs) for targeted cancer diagnosis and therapy is currently one challenge in
nanomedecine. Indeed new ways of diagnosis and treatments must be found to increase the survival
rate of patients and to lessen the length of treatment for them. Iron oxide functionalized NPs are the
most promising solution thanks to their theranostic property: they offer the possibility to both diagnose
and treat the patient and then to follow the effect of therapy by imaging. Besides being T2 contrast
agents for MRI, iron oxide NPs act as therapeutic agents by magnetic hyperthermia when correctly
designed™. To be a good heating agent, iron oxide NPs have to display a high magneto-crystalline
anisotropy and ways to increase it are to tune the NPs size and shape ™.iron oxide NPs can also
express an increased thermal response under laser irradiation @ which is favourable for a combined
therapy. Moreover, promising results shows that iron oxide NPs could be efficient sonosentisizers for
anticancer treatment !,

In that context, we have developed iron oxides NPs with different sizes and shapes by thermal
decomposition method. The influence of the reaction temperature, the heating rate and the
surfactant’s nature on the NPs’ size and shape was elucidated. In this way reproducible NPs with
different shapes (plates, cubes and spheres) and with mean sizes in the range 5-25 nm were thus
synthesized and coated with dendron molecules for biocompatibility. NPs’ magnetic properties as well
as their MRI properties were determined and the effect of the NPs size and shape on magnetic
hyperthermia, photothermia and sonotherapy has been investigated both in suspension and in cells to
establish the optimal NPs design to combine therapies.
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n oxide nanoparticules. A)10nm nanospheres; B) 19nm nanospheres, C)
nanoplates (25nm long), D) nanocubes (25nm)
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POLYMER/EXFOLIATED 2D MATERIALS OBTAINED BY PICKERING
EMULSION
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Driven by the growing need for
potable water, water purification has w1 —o—Dametwr
become extremely important, yet ‘“ G
very challenging. The use of non-
oxide ceramic membranes for water
treatment under harsh environments
is witnessing a significant interest
due to their high mechanical
strength, structural stability and T
corrosion resistance at elevated Conosniration (o)
temperatures[l].The Polymer-
Derived ceramics (PDCs) route is an elegant strategy to obtain non-oxide ceramics from the pyrolysis
of preceramic precursors with tailored composition, structure, shape and properties. The development
of porous polymer-derived non oxide membranes for water filtration (such as SiC, SiCN) with both high
flux and good selectivity remains very challenging. In this work, we propose to elaborate composite
membranes by combining the PDCs route and 2D materials using the Pickering emulsions method.
Because of the water sensitivity of the preceramic polymers, we developed an oil in oil Pickering
emulsions strategy to prepare the composites[zl. Qil-in-Oil Pickering emulsions were obtained and
used as soft template for the preparation of graphene-Si-based ceramic composites using DMSO and
cyclohexane as oil phases. The different parameters that can influence the stability of such emulsions
were studied in details.

Specifically, we examined the influence of the graphene concentration, time, emulsification rate, and
DMSO/Cyclohexane volume ratio on the creaming index and the droplet size of the emulsion. Our
systematic investigations showed that stable oil-in-oil Pickering emulsions based on preceramic
polymers and 2D materials can be obtained. In my presentation i will highlight our results on the
control of the droplet size and the creaming index.

Average droplet diameter (um)
8
Creaming index (%)

— Ex’ — —
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TOPOCHEMICAL SULFUR DEINTERCALATION AND
INTERCALATION IN RARE EARTH OXYSULFIDE COMPOUNDS FOR
SYNTHESIS OF NEW METASTABLE MATERIALS
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Summary: Low-temperature synthesis is a developing field of solid-state chemistry, which provides access to
metastable phases with new chemical properties and characteristics. The topochemical intercalation of the
transition metal such as copper in the material La20:S: leads to the synthesis of the known compound La202Cu.S:
[1]. The oxysulfide La20,S; is formed by sulfur (S2)> dimers sandwiched between the [La20:]?* layers, thus copper
donates electrons to the sulfur dimers to form a two-dimensional layer in situ. However, when we use an alkali
(Na, K, Rb) instead of copper, this one take out sulfur of La20:S2 by topochemical pathway and we observe the
formation of the metastable compound OA-La20:S with a structure different from the one of the stable variety.
This PhD work aims to explore the topochemical deinsersion of sulfur of Ln202S2 compounds (Ln = rare earth)
and to compare their optical properties with those of their stable variants that give rise to many applications.

[1] Sasaki, S., Driss, D., et al (2018). A Topochemical Approach to Synthesize Layered Materials Based on the
Redox Reactivity of Anionic Chalcogen Dimers. Angewandte Chemie International Edition, 57(41), 13618-13623
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GEO-INSPIRED PATHWAYS TOWARDS TERNARY
NANOMATERIALS FOR ELECTROCATALYSIS
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Summary: Nickel-metalloid compounds are emerging since 5 years as potential electrocatalysts of the
hydrogen evolution reaction (HER) and the oxygen evolution reaction (OER)™ involved in water splitting
for H2 production, as well as of the electrochemical reduction reaction of CO2 (CO2RR)2.

In these compounds, the metalloids modify not only the charge density of the metal atoms, which
are the catalytically active sites, but also the geometry of these surface sites due to the structural
constrains imposed by the strong bonds between p-block atoms and metal atoms. To exacerbate the
impact on electrocatalytic activity and product selectivity, we aim at combining not one but two
metalloids, boron and silicon, with nickel, thus targeting ternary nickel silicoborides with unique crystal
structures and new opportunities to tune the electronic structure. Silicoborides of transition metals are
rare and their properties are unreported.®! Hence, by targeting such materials, we not only aim at
developing efficient electrocatalysts for a range of reactions, but we also aim at exploring new materials
and their yet unknown properties.

The synthesis of metal silicoborides requires stringent conditions, including air-free conditions. More
important, the high temperatures involved are detrimental to the isolation of nanomaterials, which are
sought to increase the number of active sites per mass of catalyst, thus the catalytic activity. Inspired by
geological processes like the crystallisation of rubies into deposits of salts, which were trapped and
melted by plate tectonics in the earth’s crust¥, we conceive laboratory scaled reactions to approximate
and exploit similar conditions. At ambient pressure, inorganic molten salts allow for liquid-phase
reactions in a wide temperature range (100 — 1000 °C). Precursors are mixed physically with the salts
by milling and then heated above the melting point of the salt where the reaction will take place. The

/,

versatility of this liquid-mediated pathway offers a large range of experimental knobs whereby nucleation
of nanoparticles is promoted and their growth is limited.®!
We will present the synthesis of the ternary phase NisSi2B in the eutectic mixture LiCI-KCI from NiClz,
that is reduced by NasSis and NaBHa4. To understand reaction mechanisms and drive the exploration of
composition and temperature ranges, we have developed a setup enabling in situ XRD measurements
in molten salts. Following recent studies at ESRF beamline ID11, we could reveal the sequence of
crystallization events towards the formation of
- | I ., . ... . NiSiB within the molten salt. We especially
] ® Nisi,8 revealed the intermediate formation of binary
M Ni.,Si,, Phases NiaiSiiz and Niz2B, which subsequently
o ———  Nj reacted with each other to yield the ternary
me phase. We will show how this new knowledge can
] —— ————— drive the optimisation of the nanomaterials and
M the exploration of new phases.
WL&&\__\-—M—“&
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Fig 1: In situ XRD of the formation of NisSi2B in molten salts
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FROM STACKED HOMO-LAYERS TO HETEROSTRUCTURES:
PATHWAYS TO HYBRID LAYERED OXIDES
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Summary: Two different approaches can be conducted when dealing with layered oxides, especially
those with a perovskite-like structure. First, one can take advantage of the reactive interlayer space to
insert or covalently graft molecular entities between the oxides slabs, leading to a hybrid layered
material.™! In parallel, many works have been carried out to dissociate the inorganic oxide layers one
from each other i.e. to exfoliate the layered material into nanosheets.”” More recent works reveals the
potentiality of coupling oxides nanosheets with another nano-objects to reach new properties.m

In our team, we combine both approaches, essentially on the layered oxide H,Big1SrggsTa>Og
(HST). First, we hybridize this layered oxide with a large panel of molecules by microwave-assisted
functionalization, which allows fast and efficient modification of HST.™ Then, we perform the
exfoliation of the hybrid, resulting in functionalized oxide nanosheets. The delamination process is
carried out in solution without any exfoliating agent while using mechanical shear-forces.” Finally, we
aim at integrating such nanosheets into the form of nano-architectures. This latter step is mainly
dependent on the molecular design of the inserted entities during functionalization.

We present here the synthesis of new hybrid layered oxides whose organic part might guide the
building of nano-architectures. First, we modify the interlayer space of HST by organosilane
derivatives which provides free amines at the surface of the oxide layer. Secondly, we graft pyrene
derivatives on the inorganic layer: the resulting hybrid can be coupled with graphene or aromatic
molecules via -1 interactions. Finally, we chose two complementary nucleotides, adenosine and
thymidine, which can interact via specific hydrogen bonds. Their grafting into HST results in a hybrid
material able to recognize specifically a surface or a nano-object exhibiting the complementary
nucleobase at its surface. All the hybrid layered oxides are characterized by XRD, IR and NMR
spectroscopies and electronic microscopy (Figure 1).
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Fig. 1 (a) XRD patterns of three hybrid layered oxides (b) TEM image of APTS-HST and (c) CP/MAS 3Cc NMR
spectrum of Adenosine-HST.
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MOLYBDATE FORMATION FROM SPENT FUEL DISSOLUTION:
STUDY OF THE FIRST STAGE OF PRECIPITATION
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During the recycling of the spent nuclear fuel and more precisely during its dissolution in hot nitric acid
prior to uranium and plutonium recover, a solid is formed and the precipitation leads to a fouling
phenomenon that interferes with the proper functioning of the dissolution process. Structural and
chemical analyses of the precipitate provide evidence that the chemical composition, crystalline
structure and microstructure of the precipitate depend on the ageing time and tetravalent elements ratio
contained in the medium solution. Three crystalline phases predominate CexZri-xMo207(OH)2(H20):
(X £0.3; 0% < Xm £ 50% ), [ZrCe(-xM03012(NO3)2(H20)2].H20 (70% < Xm < 100%), which can be
considered as a reaction intermediate, and [ZrxCes-xM0e024(H20)2].(H20)2 (X < 0.4 ; 90% < Xm < 100%)

. _ M(1V) _
with X, = MOV +ZeaV) and M = Ce, Pu.

This actual work aims to study the first stage of precipitation of the above mentioned molybdate
compounds and elucidate the influence of solution (X ratio, Te(VI) lack or content), on their formation
mechanisms. X-ray Scattering was used to study the cluster’s formation at the beginning of precipitation,
then to determine the aggregate sizes (SAXS and USAXS: small and ultra-small angle X-ray scattering)
and finally to access to the atomic scale (WAXS: wide-angle X-ray scattering). In-situ analyses were
also performed in order to follow the solid evolution as a function of time. The resulting X-ray scattering
spectra were then modelled using the building units taken from the crystalline structure of the precipitate.

At low Ce content the CexZra-xMo207(0OH)2(H20)2 compounds start to precipitate in solution through the
agglomeration of amorphous clusters of composition Zr;MosgO71 (R = 5.8 A). Once the critical radius is
reached CexZruxMo0207(OH)2(H20)2 crystallises. This result is intermediate between the two
crystallisation mechanisms proposed so far in the literature which state that CexZr@a-xMo207(0OH)2(H20)2
occurs through a two-steps reaction involving two monomers, HMoQOs and Zr(OH)22*, which form a
stoichiometric complex that reacts with another Mo monomer, HMoO4, to form a [complex 2:1], or that
the formation of CexZruxyMo207(0OH)2(H20)2 involves an amorphous film formation followed by the
fixation, nucleation and growth of CexZruxMo0207(OH)2(H20). particles. For higher Ce content, the
precipitation mechanism involves the formation of an intermediate compound and confirms the XRD
results obtained as a function of time. A building unit, CeMosNOa2s (R = 3.9 A), modelled from the reaction
intermediate is first obtained and then transforms into [ZrxCe-xM06024(H20)2].(H20)2 with time.

The effect of tellurium is predominant at low cerium content where CexZra-xMo207(OH)2(H20): is
replaced by an amorphous phase. In this domain, Zr1sMo160135 (R = 9.6 A) fits well the experimental
spectrum at large q but there are some discrepancies at small g. Two hypotheses can possibly explain
the difference: either the presence of a mixture of aggregates and small particles or the presence of
particles even larger than Zri1zMo160135. Further experiments are under study to be able to conclude.
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IS THERE ANY DYNAMIC MAGNETIC DIMER IN Sr2CrNbOs
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Summary: Competing magnetic interactions in materials had always given rise to fascinating
phenomena in the field of condensed matter.l! Geometric magnetic frustration induced by the edge
shared tetrahedra had been the reason behind the observance of exotic magnetic properties like spin
liquid, spin ice, spin glass, valence bond solid, valence bond glass etc. in double perovskites.[?3]

The main objective of our study on ordered double perovskite Sr.CrNbOs is to investigate if these
systems behave like a valence bond glass (VBG). Room temperature powder X-ray diffraction (PXRD)
pattern showed that Sr.CrNbOs crystallizes in the cubic space group, Fm3m with cell parameter,
a = 7.8(1) A with 44% ordering of Cr3*/Nb5*. This poor degree of ordering likely results from a metal-
metal charge transfer observed from UV-vis-NIR spectroscopy. Temperature dependent Neutron
Diffraction measurement showed no magnetic peak in Sr2.CrNbOs at 1.8K and a quadratic distortion of
the octahedra increase with charges localization with temperature decrease. The magnetization
measurements in zero field cooled/field cooled (ZFC/FCC) mode under 1T have been carried out. It
shows two different regions at high and intermediate temperature suggesting a valence bond glass
behavior in the intermediate temperature range along with a spin glass transition at low temperature.

In this presentation, complementary temperature Electron Paramagnetic Resonance and specific heat
will be presented aiming to characterize this exotic intermediate state prior to spin glass in Sr2CrNbOs.
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Fig 1: M/H vs T (logarithmic scale) plot of Sr.CrNbOs double perovskite.
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INVESTIGATION OF MAGNETOELECTRIC PROPERTIES
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Summary: The 429 family (formula M;A,O4, where M=Co, Mn, Fe, Mg and A=Nb or Ta) has a crystal
structure derived from corundum ™, and re resents an interesting class of materials because of its
potential magnetoelectric (ME) propertles While most compounds exhibit a substantial linear
magnetoelectric effect (LME), such as C04Nb20? (electric polarization of 120 pC/m in7 T)[S] NizNb,Og
is characterized by a lack of magnetoelectncny . Interestingly, Co4Nb20? crystallizes in the trigonal P-
3cl space group with an antiferromagnetic transition at Ty=27K ', when N|4Nb209 has an
orthorhombic Pbcn crystal structure and exhibits a ferrimagnetic transition at Ty= 76K . The magnetic
point group m’m’m associated with the Pb’cn’ ferrimagnetic structure of NisNb,Og does not allow
magnetoelectric properties. We have initiated a study of the Ni,,Co,Nb,Og series, to follow the
structural and magnetic changes from NizsNb,Og to CosNb,Og, and to check if it will be possible to
generate magnetoelectric properties in the orthorhombic structure. This work relies on high
temperature solid-state synthesis in air, X-ray and neutron diffraction experiments, combined with
magnetization, dielectric and polarization measurements. Our results show that, for x < 2.2,
compounds exhibit a NizsNb,Og—like behavior: orthorhombic structures with ferrimagnetic transition
temperatures varying from 76K to 49K and lack of magnetoelectric effect. For x = 2.5 a CosNb,Og—like
behavior is observed, i.e. trigonal structures with antiferromagnetic transition temperatures varying
from 36K to 27K and magnetoelectric effect. The x=2.3 sample shows the coexistence of both phases
and it is characterized by NizsNb,Og—like magnetic properties and CosNb,Og-like ferroelectric
properties. Magnetic structures determination from x=2 to x= 3 is in progress.
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Historically, the optimization of oxides physical properties has mainly been realized by cationic
substitutions leading to moderate chemical alterations (control of the valence states, control of the
anionic vacancies...) while the anionic substitutions strongly impact the chemical bonding (iono-
covalency, polarizability, geometry...).! For photocatalysis applications, the anionic mixing allows to
finely control the photon absorption and electron-holes transport properties thanks to band gap and local
symmetry engineering.23 Although numerous derivatives exist, the pyrochlore A2B2XsX’ structure is
often described as two interlocked sublattices, A2X’ and B2Xe, with an anionic site, X' (8b Wyckoff
position of the Fd-3m space group, X'= 0, N, F, S and/or o...), possessing a large versatility towards
the anionic diversity while the X site (48f position, X= O, F or S) has almost always been reported as
mono-anionic (Figure 1a).# During this talk, through several new oxysulfides A2B20sS:10:1 and
oxyfluorides A2B20sF> (with A= Na* and/or ¥2 Sn?* and B= Nb5* or Ta%*) characterized by powder XRD
and solid state NMR (28Na and 1°F), unusual anionic distributions will be addressed (Figure 1b).
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Figure 1: (a) structure of the conventional pyrochlore in the Fd-3m space group as well as the new derivatives
obtained by manipulation of the (b) anionic and (c) cationic sublattices. The electronegativity of the anions and the
stereo-activity of the Sn 5s2 lone pair allow the fine control of the band gap.

Moreover, the Na*/Sn?* cationic exchange, from Na2M2OsF> (M=Nb, Ta), leads to new metastable
phases, Naz-2xSnxoxMz0sF2, in which the unusual anionic distribution is preserved. Here, the Sn 5s?
lone pair stereo-activity, the local Sn2*/Na*/o ordering and the anionic mixing confer to these materials
unprecedented crystallographic features as well as remarkable physical properties (Figure 1c). Indeed,
the stereo-active lone pair of Sn2*, located at the top of the valence band, massively reduces the band
gap and hence promotes the visible light absorption which, in return, considerably enhances the
photoconduction response and makes these materials suitable for overall water splitting photocatalysis
under visible light irradiation.
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AQUEOUS SOLUTION GROWTH AT 200°C AND
CHARACTERIZATIONS OF PURE, ’O- AND D-BASED
HERBERTSMITHITE ZnCus(OH)sCl2 SINGLE CRYSTALS
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Spin liquids represent an exotic class of quantum matter where, despite strong exchange interactions,
spins do not order or freeze down to zero temperature [1,2]. In 2D, this physics is represented by the
famous example of the Kagome Heisenberg AntiFerromagnetic (KHAF) Hamiltonian. On the Kagome
lattice, frustrated triangles share corners and there is a consensus that the threefold combination of such
a reduced connectivity, of S=1/2 spins and of frustration leads to a Quantum Spin Liquid (QSL) state
with fractional excitations. Herbertsmithite ZnCus(OH)sClz2 is the first true and now emblematic QSL [3].
We have investigated the influence of temperature and temperature cycling on the growth rate, volume
and CuZnx antisite disorder of the as grown single crystals by characterizing them with powder XRD,
XPS, EPMA/WDS, ICP/AES, coupled TGA-MS and magnetic susceptibility. The morphology of the
crystals were observed by optical microscopy and natural faces were indexed by the Laue method.
Correlation between the CuZnx antisite disorder and the c-lattice parameter was also established.
Besides, a more recent 17O NMR study [4] shows that ZnCux point defects in the Kagome triangles also
exist, giving rise to spin dimers and singlet state with an almost null magnetic susceptibility. The solid
solution developed formula may be written as (ZnxsCus)(Cuax5Zns)(*’OH)eCl2. In the 7O-enriched
crystal investigated, we have x=0.93, 6=0.24 and &=0.25. An upper bound for the hyperfine and
exchange interactions distributions arising from disorder in this solid solution is AA/A~AJ/J=3.6% [4],
and an upper bound estimate of the x = 0.93 composition crystal’s mosaicity could be performed by
applying the magnetic field (and orienting the crystal) along c: 2°.We have run several experiments in
order to determine the growth mechanism(s) involved in solution growth, as a function of pH, T and initial
[ZnClIz] concentrations. Surface morphology of the as grown crystals were investigated by DIC/TIC and
AFM microscopies and complimented by synchrotron micro-Laue diffraction and micro-XRF
spectroscopy. On one hand, the power law analysis of height-difference correlation functions, obtained
from AFM images of crystal surfaces, can often reveal the dominant growth mechanism involved in the
crystal-solution interface motion. Meanwhile, synchrotron micro-Laue experiment from ESRF, which is
unique in Europe having good angular (~1°) and spatial resolutions (200 nm), allows determining
crystallographic orientation and morphological features on the growth interface. Hence, we have
obtained our first results concerning the visualization and study of different morphological features of
Herbertsmithite single crystals grown with different conditions. Triangles, including “wedding cake”-like
mounds, rods, hexagon, several macrosteps, step bunching and large terraces have been observed.
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Summary: The existence of a superconducting phase in infinite-layer Nickelates has been predicted
twenty years ago in LaNiO2 M but has remained elusive until the discovery in 2019 of a superconducting
state in thin films of Sr-doped NdNiO2 (NdosSro2NiO2)2. This major breakthrough suggests the
existence of a new family of unconventional superconductors. The crystal structure of these infinite-layer
Nickelates consists in a stacking of NiO2 layers separated by rare-earth spacer layer, stabilizing the
unusual Ni'* oxidation state, corresponding to 3d° electronic configuration. Although superconductivity
develops at quite low temperature (Tc ~ 9-15KB) at atmospheric pressure, the application of 12 GPa
has been reported to boost Tc up to 31 K., The similarity of the crystal structure and the electronic
configuration 3d®, between the cuprates and the infinite layer Nickelates questions the ubiquity of the
mechanism responsible for the occurrence of superconductivity. It should be emphasized that
superconductivity has so far only been reported in epitaxial thin film of hole-doped RENIO2 (RE = Nd,
La, Pr) grown on SrTiOs substrate, the substrate stabilizing and straining the thin film. Therefore, it is
yet unclear whether or not the epitaxial structure is necessary to obtain superconductivity. During this
presentation, after a brief review on the discovery of superconductivity in the Nickelates, | will present
the two-step synthesis protocol that we have developed in Bordeaux to produce bulk, polycrystalline
powder. In a first step, Sr-doped NdNiOs polycrystalline samples are obtained by innovative synthesis
route, using sol-gel method and high pressure of O2. Careful analysis of XRD patterns allows the
solubility limit of Sr in the perovskite phase to be determined. In a second step, a topochemical reduction
of the perovskite phase using CaH: yields the infinite-layer phase. | will then report on the crystal
structure of the infinite layer phase obtained by XRD and on the physical properties of the synthetized
samples.
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Fig. 1: Structures of Ndo.sSro.2NiOs (left), Ndo.sSro.2NiO2 (reduced phase), resistivity measurements (from ref.2)
versus temperature p(T) of the Ndo.sSro.2NiOs and Ndo.sSro2NiOs in thin films.
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Summary: Li-ion batteries are growing in demands and such growth calls for the quest of high energy
density electrode materials.™ Li-rich layered oxides (Li;+xM;.4xO, where M stands for transition metal
ion(s)) show both cationic and anionic redox are expected to meet the high energy requirement.
However, the oxygen anion activity triggers numerous structural and electronic rearrangements that
need to be understood prior envisioning appllcatlons In particular, the understanding of voltage
hysteresis is paramount because it questions the symmetry of redox processes between charge and
discharge. Nevertheless, no common consensus has been reached yet on its origin B and most of
the scenarios are based on techniques whose interpretation is difficult and rarely leads to unanimous
conclusions, especially on the nature of oxidized anionic species.

One naive strategy to clarify reversible asymmetry processes upon cycling is to study simple systems
where migrated cations or anionic dimers could be clearly stabilized and identified. Sulfides, that are
known to easily stabilize oxidized sulfur species such as S-S dimers, are obvious candidates. This
phase that comblnes both sulfur dimers and a ramsdellite-like open framework is suitable for lithium
topotactic insertion.!” Moreover, intrigued by the possibility to form lithiated iridium sulfides, we
managed to stabilize a high temperature LilrS, phase isostructural to LiTiS,. Interestingly, in spite of
similar chemical compositions, LilrS, and IrS, materials show completely different electrochemical
behaviors (cf. fig 1 a). By combining diffraction techniques (synchrotron XRD, neutron powder
diffraction (NPD)), high resolution TEM and spectroscopic analyses (XAS, XPS or Raman
spectroscopies), we show that the lithiation reaction in both Li,IrS, systems proceeds through different
structural and electronic pathways (cf. fig 1 b). This study reveals the implications of the structure and
of the dimers upon reaction pathways and then gives valuable insights for understanding better the
hysteresis in anionic redox systems.
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Fig. 1 a) First cycle voltage-composition trace of LirS (blue) and IrS; (pink) cycled at C/20 (1 Li inserted or
extracted in 20 h). b) Schematic drawing of the charge compensation in both J- and L-LixIrS; polymorphs.
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Since their discovery in the earliest 70's, Chevrel-Sergent phases (MxMosXs; M = Ag, Sn, Ca, Sr, Ba,
Sn, Pb, 3d elements or lanthanides; X = S, Se, or Te; x = 0-4) [1] have been extensively studied, mainly
for their superconducting properties [2], but also for other various applications in magnetic devices,
catalysis, batteries or thermoelectricity [3]. Later, some derivative phases were found, containing larger
clusters such as MooX11 or MosoXs2 resulting from one-dimensional trans-face sharing of Mos octahedra
[4]. Some of them, such as AgxMosSe1ur (X = 3.6 — 3.8), show outstandingly low lattice thermal
conductivity, giving rise to promising thermoelectric properties [5]. With these results in mind, electronic
structure and electronic transport DFT calculations and machine learning approaches are used for the
design of new cluster species which could display interesting thermoelectric properties. The first results
will be presented.
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Summary: A highly pure semi-ordered cation deficient aikinite mineral type CuPbBisSg has been
synthesized by combining mechanical alloying and SPS techniques. This synthetic sulphide, though it
exhibits characteristics of a highly resistive degenerate semi-conductor (r ~ 5.103 Q cm and S ~ 1300
MV/K at 400K) and of a poor thermoelectric (ZT ~ 0.04 at room temperature) is revealed to be an
exceptional matrix for generating high thermoelectric performances by doping with Cl or an excess of
Bi, leading to a thermoelectric figure of merit of 0.30 - 0.43 at 700 K (Fig. 1)."! The low thermal
conductivity of these sulphides is also explained by the fact that their structure is essentially built up of
heavy 6s° lone pair cations, Bi* and Pb**, and shows significant cationic disordering. It is worth
pointing out that the present compound which represents the member x = 1/3 of a large series of
closely related sulphides (Cuy.,0,)Pb;.,Bii+xSs with 0 < x <1 opens the way for the investigation of a
broad field of thermoelectric materials bP/ varying the chemical composition and by controlling the
order-disorder phenomena in this system.??
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Fig. 1 (a) Total thermal conductivity and (b) thermoelectric figure of merit (ZT) of Cl-doped samples as a function
of temperature.
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Silicon is considered as one of the most promising active materials for the anodes of Li-ion batteries
with its high specific and volumetric capacities, about 3600 mAh.g* and 2200 mAh.cm-2 respectively?.
However, during the lithiation (formation of LixSi, X ~ 3.75) the silicon undergoes an expansion of about
280% of its initial volume which induces numerous damages to the electrode: the silicon micrometer
particles tend to be pulverized, the cohesion of the Si particles with each other and the adhesion of the
Si electrode to the current collector are also damaged by these volume variations. This drastically
reduces the electrochemical performance and lifetime of the Si electrode.? To circumvolve those issues,
several studies have suggested to explore the properties of different Metal Organic Frameworks (MOFs)
to improve the electrochemical performances of Si anode through coating layers on Si nanoparticles
(NPs), which could act as an atrtificial solid electrolyte interface (SEI).345 MOFs could be an efficient
choice for several reasons: 1) the characteristics of the coordination bonds, notably their tunability,
medium strength, and dynamic character, can confer to these materials original mechanical properties,
which would be particularly adapted to the problem of the large and reversible volume variation of silicon
electrodes;. 2) the porous nature of the MOF could facilitate the Li* diffusion contrary to other coatings.
We focused our attention on the MOF A-520 or MIL-53(Al)-FA (FA =fumaric acid), with the formula
AlI(OH)(fum)-x H20. This microporous solid (surface area ~ 1000 m? g') combine several advantages,
such as its water-based synthesis at room pressure and temperature, non-toxic reactants (fumaric Acid
and Al precursor) and a high yield production.” We explored various one-pot strategies to prepare MIL-
53(Al)-FA coated silicon nanoparticles under mild conditions, compatible with standard procedures of
preparation of silicon electrodes. Our goal is to achieve a uniform and thin MOF coating on the surface
of Si NPs to perform it as an artificial SEI layer. We will here present the preparation and physico-
chemical characterizations of these MOF-coated Si NPs (TGA, SEM, XRD and IR) as well as the
electrochemical performances of the derived electrodes, which will be compared with the ones made of
bare silicon.
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Summary:

Facing the growing need for energy demand, complementary solutions to Li-ion batteries are being
studied. In our case, we are interested in a lamellar negative electrode material of TiO, capable of
reversibly intercalating the proton. TiO,, lepidocrocite type, organizes in sheets and has water in the
inter-lamellar spaces. It is within this inter-lamellar that proton conduction by the Grotthus mechanism*
will take place. To allow this initially insulating material to become conductive, different cations can be
inserted during the hydrothermal synthesis, thus allowing the acceleration of the conduction of the
protonz. This is what we will show with Zn** which has a positive impact on the electrochemical
response of the material. Several levels of Zn*" were tested: from 10 to 50 mol% relative to Ti*". The
electrochemical properties of these materials (shaped with carbon black as conductive support and
Nafion as binder) were studied in half-cell aqueous electrolyte buffered at pH 5 (CH;COOH/CH;COOK
(1M)). Experimental capacities of more than 100 mAh/g and potentials up to -1.4V have been
achieved, pushing back the phenomena of HER. The performance of these materials will be linked to
their physicochemical characteristics, obtained by a panel of techniques adapted to amorphous
materials.

Fig. 1 Lepidocrocite type TiO2 with Zn*"in the interlamellar space
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The emergence of new miniaturized and autonomous electronic technology results in demand for
small electrochemical energy storage devices. The development of high performance Li-ion micro
batteries with thick sputtered films is an attractive way to increase considerably the performance while
keeping a low surface footprint.

We are currently working on a promising spinel type electrode material, LiMn sNigs04 (LMNO), made
from magnetron sputtering deposition method (thin film) on Si/Al,Os/Pt substrate M,

LMNO is a high working potential electrode (E_y;" = 4.8V vs Li/Li*) with a good experimental discharge
capacity (60pAh cm? um™) really close to the theoretical value (65pAh cm™ um™) and is able to
sustain high rate cycling. However, the electrochemical properties are closely related to various
parameters such as the crystal orientation, Ni and Mn cation ordering (ordered or disordered spinel) @
and thickness of the films. In order to improve the performance of Li-ion micro-batteries, it is crucial to
understand the different mechanisms involved, but also their evolution during the different cycles of
charge/discharge. It is therefore important to tune the characterization techniques allowing the
analysis of the structural evolution of micro-batteries active materials such as X-ray diffraction (XRD),
X-ray absorption spectroscopy (XAS) or transmission electron microscopy (TEM). If it is relatively
common to follow in situ / operando bulk material for large scale Li-ion batteries, adapting these
techniques to their miniaturized counterparts (3i.e. the micro-batteries) is challenging as highlighted in
the article published by Qu, Z & al. in 2020 . However, we have shown that the XAS synchrotron
operando study of vanadium nitride thin films used as electrode materials for micro supercapacitors
could give valuable insights on the storage mechanism e,

We thus decided to study this material by X-ray micro-diffraction on a Rigaku SmartLab with 9 kW
rotating anode X-ray source. This technique allows performing XRD patterns on 400 microns area B,
We use this technique for mapping our thin films to verify their homogeneity, perform ex-situ analyses
at different state of electrode charge or after different number of charge/discharge cycles. We also link
our XRD studies with other complementary characterization techniques to obtain a global view of the
characteristics of our thin films. For example, Figure 1, | shows the integrated intensity of the (400)
and (440) diffraction peak from a micro-XRD mapping study of a 1-micron thick wafer of LMNO. The
figure 1, Il shows the X-ray micro-fluorescence study of the same wafer with the analysis of the
manganese nickel ratio according to the position on the wafer.
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Fig. 1 I,A LMNO wafer mapping of the (400) B and (440) C diffraction peaks. Il Elemental mapping of a LMNO
wafer A by micro-fluoX of platinum C, nickel D and manganese E and analysis of the manganese nickel ratio
according to the position on the wafer G.
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Summary:

O3-type lithium-rich layered oxides with the general formula Li;+xM; 40O, (M = transition metal cations)
have been intensively studied as positive electrode materials in Li-ion batteries due to their high lithium
(de)intercalation rate, providing high specific capacity (>225mAh/g with Li; 5Nig13C0013MNg54,05)
thanks to additional anionic oxygen redox at high voltage ™. However, their practical application is
partly hindered by continuous capacity loss and voltage fading after the first cycle, primarily due to the
irreversible migration of manganese ions within the lithium layers leading to the formation of a spinel-
like structure at the surface of the particles 2.

To overcome this problem, we decided to synthetize new cobalt-free lithium-rich layered oxides with
an O2-type structure (Fig.1). This particular oxygen stacking with alternative of face- and edge-sharing
LiOg and MOg octahedra would make the migration of manganese ions more reversible thanks to
stronger coulombic repulsions between the layers. Batteries made with this material show high specific
capacity with an improved reversibility over twenty cycles B However, 0O2-phases are metastable and
cannot be obtained directly. For that reason, a P2-type sodium layered oxide is used as a precursor
for an ion-exchange reaction towards the desired O2-type lithium-rich layered oxide.

The Na'-to-Li* ion-exchange reaction is associated with gliding of transition metal layers. These
translations are presumably not collaborative and result in stacking faults in the material “In order to
better understand the structure of this ion-exchanged O2-type lithium-rich layered oxide, X-ray
diffraction patterns have been simulated with Faults. Their comparison with the experimental
synchrotron X-ray diffraction pattern confirms the existence of defaults in the oxygen stacking along
the ¢ axis where a specific environment for lithium ions in the interslab tends to be favored.

(b)

Fig.1 (a) P2-, (b) O2- and (c) O3-type structures in A1.xM1.xO2 layered oxides with
NaOs prism (orange), LiOs octahedra (green) and MOg octahedra (purple)
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