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Doctoral School 397 Days 
2016-2017 

Thursday 9th & Friday 10th February 2017    

 

The Cordelier Campus, 15, rue de l’école de médecine, 75006 Paris                                                                                                                         



Thursday 9th
 February 

. 

8H45: Welcome Reception 
 
9H00: Talk Session I 
J. Couderc  IRDEP/EDF 
F. Bargain  MMC 
C. Carrière  LAPA/CEA 
N. Bouldi  IMPMC 
N. Bonatout     INSP 
M. Zhao  SIMM 
 
9H45: Break 
 
10H00: Didier Roux (Saint-Gobain) 
“De la physique statistique des surfaces 
fluctuantes à la création d’entreprise” 
 
11H00: Coffee Break 
 
11H15: Talk Session II 
P. Dassié  LCMCP 
L. Lounis  INSP 
E. Bindini  LCMCP 
T. Coustham  IPCM 
T. Barrès  SVI/Saint-Gobain 
X. Jin   LRS 
I. Petit  LCMCP 
M. Auffray  IPCM 
A. Quarré de Boiry     SVI/Saint-Gobain 
S. Houver  LPA 
 
12H30: Lunch Break 

 
14H00: Marie-Odile Lafon (SATT Lutech) 
“Sensibilisation à la valorisation” 
 
14H45: « PhD Talent Carreer Fair » 
Presentation 
 
15H00: Coffee Break 

 
15H15: Talk Session III 
M. Milicevic  LPN  
P. Jacquet  SVI/Saint-Gobain 
O. Dalstein  LCMCP 
C. Barrand  SIMM  
L. Picaut  INSP  
L. Longfei  LRS 
M. Verseil  IMPMC 

 
16H00: Poster session I 
 
17H30: End of the day 
 
 
 
 
 
 
 
 

Friday 10th February 
 

9H15: Welcome Reception 
 
9H30: Talk Session IV 
D. Perconte CNRS/Thalès 
A. Blout  LRS 
J. Zhao  SIMM 
M. Ducher IMPMC 
J. Lacombe MMC 
F. Alloteau IRCP 
C. Crevant IRDEP/EDF 
C. Chang  LCMCP 
T. Derouineau MMC 
A. Wu  SRMA 
 
10H45: Doc’Up Presentation  
 
11H00: Coffee Break 
 
11H15: Talk Session V 
D. Boloré SVI/Saint-Gobain 
R. Le Penglau LAPA/CEA 
C. Teulère MMC 
A. Astorg LCMCP 
F. Dembele LPEM 
A. Perez  CSE/Collège de France 
M. Zhang INSP 
S. Christoph LCMCP 
S. Sattayaporn IRCP 
S. Petit  LRS  
 
12H30: Lunch Break 
 
14H00: Talk Session VI 
D. Zongbei  INSP 
T. Saint-Martin    SIMM 
L. Lutz   CSE/Collège de France 
O. Hotel   LIST/CEA 
T. Phuphachong LPA 
E. Cazayus-Claverie   LCMCP 
G. Chatté SIMM 
J. Sarthou IRCP  
 
15H00: Coffee Break 
 
15H15: Talk Session VII 
L. Bluteau SIMM 
V. Pasquali INSP 
G. Pembouong IPCM 
M. Pellerin LCMCP 
A. Torche IMPMC 
G. Naudin LCMCP 
 
16H00: Poster Session II 
 
17H30: End cocktail 
              Best Talks/Best Posters Awards 
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Study and Developments of Electrochemical 

Metallization Processes on Bifacial n-PERT 

Monocrystalline Silicon Solar Cells 

Julien COUDERC1,3,6,*, Hanane EL BELGHITI4,5, Julien DUPUIS1,3,6, Pierre-Philippe 

GRAND1,3,6, Élise DELBOS4,5, Arnaud ETCHEBERRY2,5,6 and Daniel LINCOT2,3,6 

 
1 EDF Recherche & Développement ; 6, quai Watier, 78400 Chatou 

2 Centre National de la Recherche Scientifique – Institut de Recherche et Développement sur 

l’Énergie Photovoltaïque (CNRS-IRDEP) ; 6, quai Watier, 78400 Chatou 
3 IRDEP, joint research unit EDF-CNRS-Chimie ParisTech ; 6, quai Watier, 78400 Chatou 

4 KMG Ultra Pure Chemicals ; Les Vieilles Hayes, 50260 Saint-Fromond 
5 Institut Lavoisier de Versailles ; 45, avenue des États-Unis, 78035 Versailles Cedex 

6 Institut Photovoltaïque d’Île-de-France (IPVF) ; 8, rue de la Renaissance, 92160 Antony 

* Corresponding author: Julien COUDERC (01.30.87.79.62; julien.couderc@edf.fr) 

 

Keywords: Electrochemical Metallization, Silicon, Solar Cells. 
 

In a context of fossil energy attrition, the energetic transition is no more a concept and relies, 

among others, on renewable sources such as photovoltaics. In these devices, sunlight is 

absorbed by the semiconductor material and it forms electron/hole pairs, which are dissociated 

and injected into an electric circuit via metal contacts at the surface of the cell[1]. That is why 

metallization is one of the process steps which arises most researchers’ interest. 

 

Screen printing has been the most widespread technique for the metallization of crystalline 

silicon solar cells, especially thanks to its quickness and simplicity of implementation. It 

consists in the extrusion of a silver and/or aluminum paste through a mask, followed by an 

annealing, to form a grid on the surface of a solar cell. Yet, the contacts it yields are of average 

quality, which limits the obtaining of very high efficiency devices[2].  

 

Consequently, alternatives such as plating[3], that is to say electrochemical deposition, have been 

developed to enhance contact quality and therefore lower its width, thus reducing shadowing on 

the cells[4]. This method induces the replacement of silver by cheaper copper, which exhibits a 

comparable conductivity. Nevertheless, because the latter diffuses into silicon and drastically 

reduces its lifetime, a nickel layer is deposited underneath to both serve as contact for the 

emitter and barrier for the copper diffusion[5]. In addition, there is up to date no industrial 

process for the electrochemical metallization of bifacial silicon solar cells. 

 

This study first presents the context of photovoltaic energy and especially silicon solar cells, 

then highlights the main result of my PhD: the implementation and optimization of a baseline 

process to produce bifacial n-PERT silicon solar cells with electrochemical metallization. 
 

 

 

1.  C. Boulord, PhD thesis, INSA de Lyon (2011) 

2. A. Mette, PhD thesis, Fakultät für Angewandte Wissenschaften der Albert-Ludwigs-Universität Freiburg im 

Breisgau (2007) 

3. É. Delbos et al., Physica Status Solidi, Vol. 12 (2015) 1427-1432 

4. A. Focsa et al., Energy Procedia, Vol. 38 (2013) 713-719 

5. M. Paunovic et al., Journal of the Electrochemical Society, Vol. 141 (1994), 1843-1850 
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Semi-crystalline organizations and structural 

transitions in VDF-based electroactive copolymers  

François BARGAIN1, Fabrice DOMINGUES DOS SANTOS2, Michel CLOITRE,1  

Sylvie TENCE-GIRAULT1 
1 Matière Molle et Chimie, CNRS UMR-7167 ESPCI Paris, PSL Research University, 10 rue 

Vauquelin, 75005 Paris 
2 Piezotech S.A.S., Arkema - CRRA, rue Henri Moissan 69493 Pierre-Bénite  

 

Keywords: VDF-based copolymers, phase transitions, SAXS-WAXS, organic electronics 

 

Poly(VDF-co-TrFE), (CH2-CF2)x(CHF-CF2)1-x, copolymers are known to exhibit 

ferroelectric and piezoelectric properties which are tunable with VDF/TrFE ratio and shaping 

process (from solvent, from melt…), whereas poly(VDF-ter-TrFE-ter-X) terpolymers, with X = 

CTFE (CF2-CFCl) or CFE (CH2-CFCl), present relaxor ferroelectric and electroactive properties 

with high dielectric constant (~ 50) and high deformation under electric field (~ 7%).1 

A major interest for these electroactive polymers exists today with the rise of printed 

and flexible organic electronics. Thin polymer films can be directly printed on various 

substrates from polymer solution allowing for the development of different applications 

(sensors, speakers, ferroelectric memories, actuators, capacitors). However, these remarkable 

electroactive properties are closely related to the semi-crystalline organization of the polymer 

chains, and so are dependent of the film processing (solvent-casting, annealing and poling). The 

influence of these processing conditions, as well as the crystalline changes occurring during 

thermal phase transitions (Curie transition from the Ferroelectric (FE) phase to the Paraelectric 

(PE) phase,…), need to be understood for the industrial development of these materials. 

Structural (SAXS-WAXS, DSC, IR, solid-state NMR), mechanical (DMA), dielectric 

(D-E loop, dielectric spectroscopy) and electromechanical (d33 piezometer) studies were 

performed on different copolymer and terpolymer films. The thermal evolution of three 

crystalline phases (FE, DFE and PE) was studied in ferroelectric poly(VDF-co-TrFE) 

copolymers, highlighting the influence of annealing and poling treatments on the maximization 

of ferroelectric and piezoelectric properties.2 The role played by the termonomer on the final 

terpolymer properties was also investigated. Indeed, depending on their size and chemical 

nature, termonomer units can either be incorporated within the crystalline structure, 

leading to relaxor ferroelectric properties (CFE, CTFE),3 or can be excluded from the 

crystalline structure, preserving ferroelectric properties (1234ze, (CHF-CH(CF3))).
4 

 

 
 

Evolution of semi-crystalline organization with 1234ze content in poly(VDF-ter-TrFE-ter-1234ze) terpolymer films 

 
 

 

 

1. Q. Li, Q. Wang, Macromol. Chem. Phys. 217 (2016) 1228-1244. 

2. F. Bargain, P. Panine, F. Domingues Dos Santos, S. Tencé-Girault. Polymer. 105 (2016) 144-156.  

3. F. Bargain, P. Panine, F. Domingues Dos Santos, S. Tencé-Girault. To be published. 

4. F. Bargain, T. Soulestin, F. Domingues Dos Santos, V. Ladmiral, B. Ameduri, S. Tencé-Girault. Submitted to 
Macromolecules. 
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Influence of iron corrosion on nuclear glass alteration 

processes: nanoscale investigations of the iron-bearing 

phases 
C. CARRIERE

1,2
, D. NEFF

1
, E. FOY

1
, C. MARTIN

2
, J.J DYNES

3
, F. 

MERCIER, P. DILLMANN
1
  

1 
LAPA-IRAMAT, NIMBE, CEA, CNRS, Université Paris-Saclay, CEA Saclay 91191 Gif-sur-

Yvette Cedex, France 
2
 Andra, Recherche et Développement, 92298 Châtenay-Malabry, France 

3
Canadian Light Source, 101 Perimeter road, Saskatoon, SK, S7N 0X4, Canada 

 

Keywords: nuclear glass, iron corrosion products, phyllosilicate, STXM 
 

Several strategies propose to store and confine High Level Radioactive Waste in a deep 

geological disposal. Andra (French National Radioactive Waste Management Agency) suggests 

a multi barrier system including the glass canister, a carbon steel overpack and a low 

permeability clay host rock to prevent borosilicate glass alteration and to limit migration of 

radionuclides released under the action of water. However after thousand years and resaturation 

of clay, water will corrode the carbon steel overpack causing the release iron ions and 

precipitation of iron carbonates as corrosion products. The glass matrix will alter through glass 

hydrolysis and release silicon in solution. Thus, neoformed Fe-Si-O phases can precipitate in the 

glass alteration layer (GAL) or at the outer part of the GAL and lower the concentration of Si in 

solution, increasing glass dissolution. Consequently identification and characterization of 

nanocrystallized Fe-Si-O phases is crucial for modelling the mechanism of glass alteration in 

contact with iron. 

The results presented here are obtained on samples (mix of nuclear glass and iron powder) 

altered in the underground Laboratory of Bure (France). Micro and Nanoscale investigations 

(Transmission Electron Microscopy, Scanning Transmission X-Ray Microscopy, nanoAuger 

electron spectroscopy) show presence of neoformed nanocristallized phases (iron silicates) 

inside GAL and in the iron corrosion products (ICP). Several families of structured Si-Fe-O 

phases are identified (e.g. smectite in ICP, chlorite and iron sulfide in GAL) according to the 

localization and the valence of iron in CP. Moreveor study of the provenance of silicium and 

iron found in phyllosilicates was carried out in mass spectroscopy (TOF-SIMS). Thereby it is 

possible to know the proportion of silicon and iron arising from the glass, initially substituted 

for 29-silicium and 5-iron, to form these silicates. 

 

 

1. Dillmann P. et al, (2016) Effect of natural and synthetic iron corrosion products on silicate glass alteration 
processes. Geochimica et Cosmochimica Acta 172, 287-305 
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Calculation of XMCD at K-edge under pressure from 

first principles  
 

Nadejda BOULDI
1, 2

*, Ph. SAINCTAVIT
1, 2 

, Ch. BROUDER
1
, F. BAUDELET

2
  

and Amélie JUHIN
1
 

1 
Institut de Minéralogie, de Physique des Matériaux et de Cosmochimie, CNRS & UPMC, 

75005 Paris, France 
2
 Synchrotron SOLEIL, L’Orme des Merisiers, 91190 Saint Aubin, France 

* Corresponding author:nadejda.bouldi@impmc.upmc.fr  

 

 

Keywords: Magnetism, X-ray absorption, Ab-initio calculation 
 
 

 X-ray Magnetic Circular Dichroism (XMCD) is a powerful tool for the element-specific 

study of the magnetic structure of complex systems. For 3d transition ions, measurements at the 

L2,3  absorption edges (i.e., with a 2p core hole in the final state) provide information on the spin 

and orbital contributions to the magnetic moment through well-established sum rules. 

Nevertheless, the short penetration depth of soft X-rays makes them incompatible with 

demanding sample environments such as high pressure anvils or liquid cells. In such 

environments, XAS and XMCD spectroscopies can still be employed at the K edge (i.e., with a 

1s core hole in the final state) using hard X-rays. For example, on the dispersive beamline ODE 

at SOLEIL, XAS and XMCD measurements can be performed upon simultaneous application of 

high pressure, low temperature and magnetic field. 

 

 

 The understanding of the experimental results, as well as the connection between the 

dichroic signal and magnetic properties, require the support of theoretical interpretations. 

However, the quantitative analysis of K-edge XMCD spectra is far from straightforward. We 

are addressing this issue and propose a renewed approach to compute K-edge XMCD spectra: 

the spectra are calculated ab initio with a monoelectronic plane-waves code based on Density 

Functional Theory (XSpectra package of Quantum Espresso). The idea is to compute the charge 

density in the presence of a core-hole and then compute the semi-relativistic absorption cross-

section using Lanczos algorithm. 
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Graphene Oxide at the air-water interface 

Nathalie BONATOUT1, 2*, François MULLER2 and Michel GOLDMANN 1,3 
1 INSP, Université Pierre et Marie Curie, 4 Place Jussieu, 75005 Paris 

2 LICORNE, ECE Paris, Immeuble POLLUX, 75015 Paris 
3 Synchrotron SOLEIL, Saint Aubin BP48, Gif-sur-Yvette Cedex, France 

* Corresponding author: nathalie.bonatout@insp.upmc.fr 

 

Keywords: Graphene Oxide, Langmuir Films, X-Ray Reflectivity, X-Ray Diffraction) 
 

Graphene-based materials are of great interest for flexible electronics [1]. In this framework, 

Graphene Oxide (GO), cheaper than pristine graphene, is one of its most promising precursors. 
Through reduction of the GO sheets, their conductivity properties can be partially restored to be 

closer to the ones of Graphene [2]. Thus, obtaining thin layers of GO and understanding their 

organization is an important point for its future uses.  

Our goal is to study the interactions between ionic liquids and GO. However, the first step was 
to understand the organization of both compounds, isolated. We will focus here on the GO part 

of this work. 

To study thin films of GO, we chose to work using the Langmuir film procedure. Since GO 
sheets are partially hydrophilic due to the presence of the oxide moieties, by spreading a GO 

dispersion at the air-water interface, one can obtain films thick of a few GO sheets [3]. In this 

work, we studied the behavior of the GO sheets at the water surface. To further understand the 
organization and possible orientations of the GO sheets, we used Grazing Incidence X-Ray 

Reflectivity (Figure 1) and X-Ray Diffraction (Figure 2) in situ at various surface pressures. 

Surprisingly, a bilayer of GO sheets is spontaneously formed at the air-water interface. 

 
  

 
 

 

 

1. Gilje S., Han S., Wang M., Wang K. L., Kaner R. B., Nano letters, 7 (2007), 3394-3398  

2. Zhu  Y., Murali S., Cai W., Li X., Suk J. W., Potts J. R., and Ruoff R. S., Advanced Materials, 22 (2010), 3906-
3924 

3. Cote, L. J., Kim, F. & Huang, J., J. Am. Chem. Soc. 131 (2009), 1043–1049  

 

Figure 2: Diffraction pattern of GO at the air-water 

interface 
Figure 2: X-Ray Reflectivity spectra of GO at the air-

water interface 
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Wetting statics and spreading dynamics on soft gels  

Menghua ZHAO1, 2*, Julien DERVAUX2, Tetsuharu NARITA1 , François LEQUEUX1 , 

Laurent LIMAT2 and Matthieu ROCHE2* 
1 SIMM-CNRS UMR 7615, ESPCI PARIS, 10 Rue Vauquelin, 75231 PARIS CEDEX 05 

2 MSC- CNRS UMR 7057, Université Paris 7 Diderot, 10 rue Alice Domon et Léonie Duquet 

75205 Paris cedex 13 

* Corresponding author: Menghua ZHAO and Matthieu ROCHE  

 

Keywords: contact angle, Schlieren, deformation, thickness 
 

 
 

The wetting of liquids on soft materials such as elastomers has received a great deal of attention 

in the past decades. Many experiments were performed to gain insight into both the statics and 

the dynamics of wetting in such systems, but most neglected the effect of finite thickness of the 

gel sample. Here we report the results of a study of the thickness effect on both the statics and 

the dynamics of wetting. We vary systematically the thickness of slabs of silicone elastomers 

(Young modulus E = 3.6 kPa) from 10-2 to a few mm. First, we develop a quantitative Schlieren 

optics enabling us to directly observe the surface deformation after the deposition of a water 

droplet on time. We measure the out-of-plane deformation outside the droplet as a function of 

droplet size, gel thickness and elasticity. We identify a submicrometer-deep dimple, on the dry 

side of the droplet, that extends over a few mm away from the contact line. Second, we 

characterize the receding dynamics and we show that the dynamic contact angle, hence 

dissipation, depends in a non-trivial fashion on the thickness of the sample. We rationalize our 

experiments, with an analytical model accounting for the linear elastic response of the gel bulk 

as well as its surface tension. We find excellent agreement with experiments. 
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Merging of the synthesis and shaping steps of 
mesoporous metal oxide by reactive extrusion 
Pierre-Igor DASSIE1*, Cédric BOISSIERE 1, Corinne CHANEAC 1, Alexandra 

CHAUMONNOT 2, Malika BOUALLEG 2 

1 Laboratoire de Chimie de la Matière Condensée de Paris, University of Paris VI, 4, Place 
Jussieu, 75252 PARIS Cedex 05. 

2 IFP Energies Nouvelles, Rond-point de l’échangeur de Solaize, BP 3, 69360 SOLAIZE. 
* Corresponding author: Pierre-Igor DASSIE 

 

Keywords: Reactive extrusion, Sol-Gel, aluminosilicate, catalyst 
 
Solid catalysts are used massively in the industries. If we look at the manufacturing process of 
support catalyst, we see that many steps are necessary. Furthermore, each step requires different 
machinery (increase need of expertise) and sometimes at different temperature (energy loss). 
The aim of this thesis is to redesign the production line of metal oxides for heterogeneous 
catalysis applications, by reducing the number of steps needed to get the final product. 
Our attention was drawn to the reactive extrusion process which is well known and used in the 
polymer’s and food’s industries while no information can be found concerning its application as 
reactor for the direct synthesis of metal oxide materials.1 This fact is surprising since an extruder 
is an efficient and flexible chemical reactor. Laboratory’s extruder can be described as a metal 
sheath (heated if necessary) in which rotate one or two endless screws (figure 1). Screws are 
easily modified allowing their design to be adapted to the user’s needs (easy tuning of transport, 
mixing or kneading). If coupled with highly concentrated Sol-Gel formulations, reactive 
extrusion offers a new continuous processing pathway for the direct manufacturing and shaping 
of high surface area metal oxides. As a consequence, such coupling presents a high innovation 
potential for heterogeneous catalyst synthesis which usually needs multistep preparation 
processes. 

 
Figure 1 – Scheme of a laboratory extruder 

 
In this work, we investigated this new chemistry/process coupling to synthetize and shape in 
one step only, aluminium based catalysts which are massively used in crude oil refinery. We 
demonstrated proof of concept of metal oxides catalysts production by reactive extrusion. 
Implemented in a metal oxides production line, such an innovative continuous synthesis method 
would allow important process intensification, resulting in cheaper and ecologically more 
acceptable manufacturing process. 
 

 

1. D.E. Crawford, J. Casaban, Adv. Mater. 28 (2016), 5747-5754. 
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Dynamics Of Magneto-Structural Phase Transitions In 
MnAs/GaAs(001) Probed By Time-Resolved X-Ray 
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7 Université Paris-Saclay, Univ. Paris-Sud, 91405 Orsay, France 

 
 

Keywords: Ultrafast, phase transition, XRD, XRMS 
 

Spintronic devices are most often controlled by applied magnetic fields or by the 
injection of spin-polarized currents. Using temperature as the control parameter widens the field 
of application of such devices. We study bilayers that couple, via surface dipolar fields, a 
material exhibiting a magneto-structural phase transition (MnAs) to a soft ferromagnetic layer 
(Fe). When MnAs is grown on GaAs(001), epitaxial constraints lead to α/β phase coexistence in 
the form of regular stripes over the 10-40°C range. A direct correlation exists between MnAs 
microstructure and Fe magnetization reversal [1]. Recently, it was shown that the Fe 
magnetization switching could be achieved by a femtosecond laser excitation [2]. 

Previous results indicate that the Fe reversal by a single fs pulse has a rather slow 
dynamic, with characteristic time above several hundreds of ps and that the process has a 
fluence threshold. In order to gain insight into the phenomena at play in the Fe magnetization 
reversal following an ultrashort laser excitation, time resolved diffraction studies were carried 
out using an optical pump/x-ray probe scheme at the CRISTAL beamline. 

Our measurements show that the α/β phase coexistence is reached during the return to 
equilibrium, on the ~10 ns timescale, above a fluence threshold that matches well the values 
required for Fe magnetization reversal. Also, formation of α/β stripes-like structure during the 
transient α/β coexistence is consistent with our measurements. 

Together, these results provide a coherent picture of the laser induced Fe magnetization 
reversal process in Fe/MnAs, correlating it with the transient α/β pattern formation during the 
return to equilibrium driven by thermal diffusion. 

 
 
 

1. C. Spezzani et al. Scientific Reports 5 (2015) 8120 
2. C. Spezzani et al. Physicial Review Letters 113 (2014) 247202 
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Understanding the “in vivo” interfacial dynamics of 

therapeutic vectors through in situ ellipsometry in a 

microfluidic cell. 
 

Elisa Bindini1, Marco Faustini1,  Andrea Cattoni2, Cédric Boissière1*  

 
1UPMC, LCMCP – 4 Place Jussieu 75005 Paris  (France) 
2LPN-CNRS - Route de Nozay, 91460 Marcoussis (France)  

* Corresponding author: cedric.boissiere@upmc.fr 

 

Keywords: drug delivery, mesoporous silica, sol-gel 
 

Mesoporous silica nanoparticles are now widely investigated as biocompatible vectors for drug 

delivery, thanks to their well-defined and tunable porosity, high loading capacity and the 

possibility to be functionalized with organic molecules to control cargo release, cell surface 

recognition, biocompatibility and stability.1 

However, the interfacial dynamics of these systems is still unclear. In fact, investigating all the 

phenomena that take place in vivo is complicated, because too many parameters are changing at 

the same time. For example, in real physiological conditions, the presence of proteins lead to 

surface adsorption of a protein layer called corona. The protein corona could close the pores, 

avoiding the release of the cargo encapsulated in the nanoparticles, affecting strongly the 

kinetics of the drug delivery.  The presence of an adsorbed layer of proteins could drive the 

vector’s targeting ability and the cell uptake mechanism.  In vivo conditions presume a flow 

stream (veins, vessels) which affect greatly the protein adsorption/desorption phenomena and 

the silica dissolution process.  

 

Consequently, understanding the interfacial dynamic of these vectors when they are in real 

biological environments is indispensable to properly formulate efficient drug delivery 

nanocarriers. 

 

We reproduce the structure and composition of mesoporous silica nanoparticles, functionalized 

with different organic moieties, in 2D thin films and study them through in situ ellipsometric 

analysis.2 

The ellipsometric analysis is fast (100ms/spectrum), it can differentiate between all involved 

layers, and can be performed in liquid media. We can thus monitor the stability of surface 

functionalization, and protein adsorption/desorption kinetics. Moreover, film hydrolytic intrinsic 

dissolution in the body-simulated fluid can be also addressed: this information is critical for 

drug delivery systems since disolution drives the drug release and defines the average stay in the 

body. 

All the latter phenomena are studied under a flow stream,  to mimic as much as possible the in 

vivo conditions, monitoring the influence of surface functionalization, pore size and geometry, 

drug loading and medium flux on the interfacial behavior of mesoporous silica thin films in 

biological media. This is achieved through a microfluidic cell coupled with a special 

ellipsometric setup. 

 

 
1 Argyo, C.; Weiss, V.; Bräuchle, C. and Bein,T.; Chem. Mater. 2014, 26, 435−451 
2 Sanchez, C.; Boissière, C.; Grosso, D. et al.; Chem. Mater 2008, 20, 682-737 
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Characterization of the porosity of silicon nitride thin 

layers 
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1 Surface du Verre et Interfaces UMR 125 CNRS/Saint-Gobain, Aubervilliers, France, 
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4 Saint-Gobain Recherche, Aubervilliers, France, 
5 Saint-Gobain - Northboro Research & Development Center, Northborough, USA. 

* Corresponding author: Thomas.barres@saint-gobain.com 

Keywords: Silicon nitride, STEM HAADF, EELS, Electrochemical Impedance Spectroscopy 
 

Silicon nitride (SiNx) is commonly used as a dielectric thin film (10 to 100 nm) within stacks 

deposited by magnetron sputtering in the glass industry. The porosity of such thin films can be 

detrimental to the product durability and performances upon ageing [1].  

 

The nanostructural characterization of silicon nitride thin films has been previously carried out 

by Transmission Electronic Microscopy (TEM) [2]. Thanks to several microscopy techniques 

such as TEM, Scanning Transmission Electronic Microscopy in High Angle Annular Dark Field 

mode (STEM HAADF), and Electron Energy Loss Spectroscopy (EELS), we are able to give a 

quantitative description of the porosity in SiNx layers at the nanometre scale. In addition to 

purely topographic characteristics, EELS and HAADF measurements give access to the local 

composition and atomic density in the thin film.  

In parallel to the microscopic approach, we estimated the porosity at a larger scale as well as the 

through-porosity total fraction, by using Electrochemical Impedance Spectroscopy (EIS) 

measurements. Impedance measurements have a high sensitivity to the pore distribution in the 

layer [3], providing a complementary point of view on the layer morphological characteristics to 

the one offered by TEM.  

 

Finally, the evolution of the layer nanostructure is studied as a function of the SiNx deposition 

parameters allowed by reactive magnetron sputtering (deposition pressure, sputtering rate, and 

plasma composition) as well as final characteristics (density, thickness or intrinsic stress). 

 

 

[1]. J. Kulszyk-malecka, Diffusion studies in toughenable Low-E coatings, PHD thesis, (2012). 

[2]. C. Colliex, A. Gloter, M. Kociak, K. March, O. Stephan and M. Tencé, Microscopy and Analysis 26(6) (2012), 
33-40. 

[3]. A. Perrotta, S. J. García, J. J. Michels, A-M. Andringa, M. Creatore, ACS Appl. Mater. Interfaces, (2015), 7 (29), 
pp 15968–15977. 
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Amorphous silica-alumina (ASA), are extensively used in oil refining, petrochemistry 

and fine chemicals production and their catalytic activities are bounded up with their surface 

acidity. In these materials, the exact nature of the acid sites is not well understood, 

although it is widely admitted that the Brønsted acidity is related to silanols in close 

proximity with an undercoordinated Lewis aluminium. Determining the structure of the 

acid sites of these materials, would be greatly beneficially for understanding how to 

tune/improve their acidic properties. Solid state NMR  (1H MAS NMR, 27Al MAS NMR, 
29Si MAS NMR,27Al MQ MAS NMR, and 2D 1H/27Al D-HMQC NMR) could, in principle be 

used to investigate the spatial proximity and connectivity between, 1H, 27Al and 29Si. 

However, in these materials, a large fraction of the Al is silent in terms of acidity, and this 

makes the interpretation of NMR results very complex. Hence, two strategies have applied to 

improve the ratio between acid sites and Al atoms (denoted Ac/Al). The first strategy was to 

remove non acidic aluminum while preserving or exposing the acidic ones using acetylacetone 

treatment or citric acid modification. Citric acid is superior to acetylacetone for selective 

dealumination making an increase of the total acidity up to 41% and Ac/Al increases about 6 

fold compared to starting ASA. The second strategy was to prepare ASA with well controlled 

Al environment through grafting of monomeric Al on the silica surface to form isolated Al, 

using aluminum alkoxides or triisobutylaluminum as aluminum precursors. ASA prepared by 

grafting Triisobutylaluminum have twice more acid sites than commercial ASA and thrice 

higher Ac/Al. Beside NMR, various spectroscopies were applied to characterize physical 

structure (nitrogen physisorption), acidity (ammonia TPD and pyridine adsorption FTIR). 

Furthermore, model reaction of 3,3-Dimethyl-1-butene isomerization was used to characterize 

Brønsted acid sites and understand the relationship between Brønsted and Lewis acids and the 

potential role of water on the interconversion of the two types of acid sites. Finally, a correlation 

will be established between acid properties, preparation procedure, physical structure and 

reactivity, which could be used to develop and design novel acid catalysts with advanced acidic 

properties. 
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Biominerals are all  the minerals produced by living organisms. They are essential materials,
present  in  almost  all  living  species.  Nevertheless,  the  structural,  chemical  and  formation
mechanisms  and  the  evolution  of  these  materials  are  still  heavily  debated.  This  is  due  in
particular to the difficulties of experimentally studying chemical species evolving in biological
environments. Although, equally complex, a theoretical approach at the molecular level can help
in the characterization of these biological materials and in particular the characterization of their
interfaces  formed  with  the  surrounding  biological  media.  This  is  essential  for  a  better
understanding of the formation and evolution of these minerals.

Calcium phosphates are  part  of  the  biominerals.  They make up the major part  of  the bone
mineral of mammals. This mineral is in the form of nanoparticles having a crystalline core of
hydroxyapatite and a hydrated and disordered layer on the surface[1].

The  first  objective  of  this  study  is  to  construct  a  molecular  model  of  the  bone  mineral
possessing these two environments. As the surface played a predominant role, we chose ab-
initio molecular dynamics (AIMD) to create disorder in the hydrated layer. This strategy also
allows us to calculate the NMR parameters with the GIPAW method, and to compare them with
those  resulting  from the  experiment.  This  procedure  availes  us  to  validate  the  model.  The
dynamics of the surface layer of these particles is essential for a better understanding of the
mechanisms involved in the formation and then evolution over time of these materials.  The
study  of  these  mechanisms  has,  among  other  things,  necessitated  the  use  of  constrained
dynamics, in our case by means of  metadynamics, in order to probe rare events. We call them
rare events because they are very unlikely to occur at the time scale accessible by molecular
dynamics simulations.

Another important feature of bone mineral is the presence of many substitutions. Among the 
numerous substituents known in this mineral the presence of carbonate is preponderant (6% wt).
We used first Principles Density Functional Theory (DFT) calculation to explore the energetic 
and geometric consequences of substituting carbonates into bulk hydroxyapatite. Then we 
compute the NMR parameters that we compare with the experimental ones. 

1.Wang Y. et al, Nature Mater. 12 (2013) 1144
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Abstract: 

Nowadays, the self-assembly of two-dimensional (2D) supramolecular flat building 

blocks (tectons) on surfaces is well mastered
1
. Therefore, the next challenge consists in 

providing an universal strategy exploiting the room above the substrate. By doing so, the new 

functionality would not disturb the 2D self-assembly, and would be preserved from possibly 

detrimental substrate influence.  

This is the reason why we previously developed a strategy to steer the assembly of 

organic molecules on a surface using a “molecular clips”
 2

. Then, we showed that nanopillars 

consisting of [2.2]dithiaparacyclophanes can be consistently positioned onto the previous 

platform and thus allowed to reach the third dimension. As a consequence, the concept of 3D 

Janus tecton
3
 was proposed: a doubly-functionalized building block that exposes two opposite 

faces linked by a rigid spacer, developing chemical strategies to attach on the upper-layer 

different functionalities
4
. Nevertheless, supramolecular assemblies we obtained from these 3D 

tectons were controlled by Van der Valls interactions, and designed specifically for HOPG and 

graphene substrate. It would consequently be of greater interest if we could expand our 3D-

sytems to other types of surfaces, such as gold. 

In this context, here we present new ethynyl pyridine-based dithia[2.2]para cyclophanes 

3D tectons as well as their model 2D building blocks, in order to take advantage of metal-ligand 

interactions. Several chemical strategies were tested to reach our objectives and a large range of 

reactions were tried to finally afford the tectons represented below. Preliminary STM study 

results at the liquid solid interface would be presented as well. 
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To modify the surface properties of the flat glass (optical, thermal, electrochemical...), thin film 

deposition by magnetron sputtering is a technique increasingly widespread. For example, low 

emissivity glasses which are produced by Glass industry for many years allow reducing energy 

losses by blocking infra-red. An essential part of those functionalized glasses is a thin silver 

layer (ten nanometers) deposed by cathodic pulverization. However, these coatings have often 

low mechanical resistance toward contact loading (scratch) which can happen during 

manipulation or washing. Scratches are due to contact loading (friction) and are influenced by 

mechanical properties of the stack (modulus, toughness, adhesion …) [1]. However, a 

quantitative analysis of the damages is tough because of the complexity and the thinness of the 

layers (few nanometers). The idea developed during this study is to extend the understanding of 

the scratch phenomenon in order to improve the scratch resistance of thin multilayers by a 

method of interfacial patterning. Indeed, it has been recently showed that an alternation of weak 

adhesion areas (with silver) and strong adhesion areas (without silver) allows improving 

adhesion [2, 3].  

 

In this study, the objective is to perform ball on plan tests to analyze and understand scratch 

mechanisms on multilayers thin film with low adhesion deposited on glass. Indeed, the glass 

transparency allows a direct visualization of scratching process during the tests. First, we 

focused on homogenous samples with a weak interface and we shows that the scratch is strongly 

influenced by the presences of brittle layers in the stack. Then, a photolithography protocol is 

used to pattern a ten nanometers silver layer inside a multilayer stack. In order to understand the 

scratch phenomenon and the contact between the ball and the layers, many parameters have 

been measured and their influences and evolution will be discussed: distance between the 

surface and the sphere, generation of debris, initiation morphology or width of the scratch. 

 
 

 

1. X. Geng, Z. Zhang, E. Barthel, D. Dalmas, Wear 276– 277 (2012) 111– 120 

2. D. Dalmas, E. Barthel, D. Vandembroucq, J. MECH. PHYS. SOLIDS 57 (2009) 446  

3. Patinet, S., Alzate, L., Barthel, E., et al., J. MECH. PHYS. SOLIDS, 61, Issue: 2 (2013) 311-32 
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Since lasers development in the 1960s, nonlinear optics experiments with near infrared 

(NIR) beams have been widely explored thanks to these powerful and coherent sources. In the 

terahertz (THz) domain from 5 µm to 100 µm (3 meV to 200 meV), the lack of reliable sources 

has strongly limited investigations on THz nonlinear optics experiments. At the end of 1990s, 

first THz nonlinear experiments
1
 demonstrate frequency mixing between a NIR beam and a 

THz beam from a Free Electron Laser (FEL). However these are large and expensive THz 

sources.  

 

Quantum Cascade Lasers (QCLs) are compact powerful laser sources, operating 

throughout the midinfrared (MIR) and THz regions. They are based on nanometric 

semiconductor layers and rely on intersubband transitions in semiconductor quantum wells. 

Since their first demonstration in 1994 for MIR QCLs
2
 and in 2002 for THz QCLs

3
, these 

devices have been constantly developed so that their intracavity powers approach today those of 

FEL. They are then very well adapted sources for compact THz nonlinear optics experiments. 

 

During my PhD, I developed THz nonlinear experiments, using QCL both as sources 

for THz radiation and as nonlinear medium, giving way to a very compact set-up. I use 

nonlinearities enhancement by exciting QCL quantum wells with a NIR beam, which energy is 

resonant with interband transitions. The schema in transmission is shown on figure 1.  
 

 

J. Kono, et al., Phys. Rev. Lett. 79, 1758–1761 (1997). 

2. J. Faist, et al., Science 264, 553-556 (1994). 

3. R. Kohler, et al., Nature 417, 156–159 (2002). 

4. J. Madeo, et al.  Nat Photonics 6, 519-524 (2012). 

5. P. Cavalie, et al.Appl Phys Lett 102 (2013). 

6. S. Houver, et al. Opt Express 23, 4012-4020 (2015). 

 

 
Figure 1: Schematics for nonlinear frequency mixing within QCL cavity 

 

Starting from previous experiments in my team
4,5

, with GaAs/AlGaAs THz QCLs hold 

at cryogenic temperature, I have demonstrated resonant nonlinear frequency mixing within 

MIR QCLs at room temperature. I opened these demonstrations to QCLs based on 

InGaAs/AlInAs layers, showing all optical wavelength shifting in the telecom range. Finally, I 

developed a different geometry in reflection, which enables a broader wavelength range by 

overcoming limits due to absorption. 
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         Exciton polaritons are mixed light-matter particles arising from the strong coupling of 
quantum well excitons and cavity photons in semiconductor microcavities. Thanks to the direct 
visualisation of their dispersion and spatial eigenfunctions in luminescence experiments, and to 
the possibility of designing the photonic potential landscape, they provide an extraordinary 
photonic platform to emulate 1D and 2D Hamiltonians.  Thus, polaritons allow transposing to 
the photonic world some of the properties of electrons in solid state systems, and to engineer 
Hamiltonians with novel transport properties. 
        A Hamiltonian of particular interest is that of electrons in graphene. We have fabricated a 
honeycomb lattice for polaritons consisting of coupled micropillars [1]. The lowest two bands 
of this structure arise from the coupling of the lowest energy modes of each micropillar and 
emulate for photons the π and π* bands of graphene, showing two non-equivalent Dirac cones, 
and localised flatband states in both zigzag and bearded edges [2]. 
        Remarkably, our system permits exploring orbital degrees of freedom, inaccessible in 
actual graphene. Higher orbital bands originate from coupling of the first excited modes of 
micropillars, giving rise to a novel type of dispersive localized edge states. 
Our system presents interesting perspectives in view of studying nonlinear excitations in edge 
modes owing to polariton-polariton interactions, as well as studying unidirectional chiral edge 
states, analogue to the ones in the quantum Hall effect. 
 
 
 
 
 

 

1. T. Jacqmin, I. Carusotto, I. Sagnes, et al., Phys. Rev. Lett. 112, (2014),116402 Font: Times New Roman (size: 9) 
2. M Milićević T. Ozawa, P. Andreakou et al , 2D Mater. 2, 034012  
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 Silver thin films are widely used in industrial products for numerous applications. 

However, they are unstable and may undergo important transformation when annealed. 

This phenomenon is called “solid-state dewetting”1. It tends to transform thin films into 

isolated particles. The main issue is the appearance of haze, particularly undesired in the 

context of glass industry.  

 Solid-state dewetting had been considered as a deleterious phenomenon for a 

long time, until interests for nano-particles (NP) and their production rose2. Thanks to 

the patterning of the surface, it is possible to control the shape, the size and the spatial 

organization of the NP. Dewetting becomes then a good candidate for large scale and 

fast paced synthesis of NP3. 

 My PhD work which focusses on two issues. First, there is still a lack of 

understanding concerning the process of solid-state dewetting. Thanks to in-situ 

techniques, we unravel different dewetting mechanisms. Second, thanks to a Nano-

Imprint technique, we produced such controlled arrays of NP on transparent substrates. 

This allows measuring their optical response (see example below). We study the 

structure-properties relationships of these NP. 

 

 
 

                                                 
1 C. V. Thompson, Annu. Rev. Matter. 42 (2012) 399.  
2 H. Atwater, A. Polman, Nature Materials 9 (2010) 205–213. 
3 A. Le Bris, F. Maloum, J. Teisseire, F. Sorin, Applied Physics Letters 105 (2014) 203102. 
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The talk deals with a new sensing approach based on 2D photonic devices (Diffraction 

Gratings) made of micro-mesoporous materials (Metal-Organic Frameworks -MOF-). The 

combination of the original properties of MOF (high porosity, sorption selectivity…) and of the 

periodic structures leads to an optical transduction method used for smartphone-assisted sensing 

of toxic vapors. 

Diffractive structures are fabricated by crack patterning in a colloidal MOF thin film deposited 

by dip-coating. By finely controlling the drying of the film, cracks -formed due to drying stress- 

propagate in a unique direction and create an array of linear stripes able to diffract the visible 

light. This crack-assisted patterning technique relies on a very well-known phenomenon usually 

observed on droplet drying but has never been controlled at such a level and for surfaces of 

several cm2. 

Our sensing approach relies on the monitoring of the luminosity diffracted by MOF gratings 

that is directly correlated to the amount of toxic compound (alcohols, aromatic hydrocarbons…) 

in the surrounding atmosphere. Probing is performed by a simple smartphone or CCD camera 

without need of complex optical instrumentations. Differently from conventional photonic 

devices (mainly colorimetric), this specific configuration allows spectroscopic-like 

measurements. The sensitivity of this sensing will be demonstrated by the detection of 

isopropanol vapors with MIL-101 (Cr)-based gratings. 

Importantly, this approach based on porous diffraction gratings allows an easy optical detection 

by using a simple and accessible tool such as the camera of a smartphone that can be potentially 

interfaced with image analysis applications for real-time air-quality monitoring. 
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Thanks to the wide range of properties, foams are used in a lot of application’s areas: 

thermal isolation (low thermal conductivity), packaging (ability to absorb impacts), and 
buoyancy (lightness). What do you think that make you feel so good when you sleep? 

Foam inside your mattress!  

In foams, relationship between microstructure (voids size, interconnections area and wall 

thickness) and mechanical properties are still not precisely defined.  
 

The goal of this topic is to understand this relationship. In our special case materials are 

based on methacrylate monomers [1] to get elastomeric foams with low Tg. They are 
synthesized using emulsions technique. We are in the special case of highly concentrated 

emulsion (internal phase is up to 74% of the total volume), called HIPEs [2] (High Internal 

Phase Emulsions) in order to get opened interconnected foams. A first part of formulation 
is needed to provide a wide range of structure. Then, steps of structural and mechanical 

characterizations on polyHIPEs [3] (foams from HIPE) should help us to get a better 

compression of the part of each component and to find the desired link between structure 

and mechanical properties. 
 

 

 
 

 
Figure: Solid foam of methacrylate from HIPE. MEB picture of the interconnected structure of 
the foam with 80% porosity. Stress-strain curve of our elastomeric foam from a compression 

test. 

 

 
 
 

1.Jerenec, S. & al. Glycidyl methacrylate and ethylhexyl acrylate based polyHIPE monoliths: morphological, 

mechanical and chromatographic properties. Reactive and Functional Polymers 78, 32-37 (2014). 

2.Silverstein, M. S. PolyHIPEs: Recent advances in emulsion-templated porous polymers. Progress in Polymer 

science 39, 199–234 (2014). 

3.Williams, J. M. & Wrobleski, D. A. Spatial distribution of the phases in water-in-oil emulsions. Open and closed 

microcellular foams from cross-linked polystyrene. Langmuir 4, 656–662 (1988). 
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Tendon is a fibrous connective tissue which transmits force from muscle to bone. It is mainly 

composed of collagen type I fibrils aligned along the longitudinal axis and arranged in 

hierarchical structure. Because of those properties, tendons present both flexibility and a high 

tensile strength over a high load range.  

However, when tendons injuries lead to their complete rupture, surgical procedure is required. 

With its low regenerative capacity, tendon scaring process may last several months and reduce 

its elasticity. Several strategies have been yet developed as autografts, decellularised tendons, 

braided synthetic fibers, to overcome this issue. But none of these materials fully meets 

chemical, mechanical and cytocompatibility requirements. That’s why, repairing tendon still 

remains a challenge in tissue engineering.  

 

As collagen type I is the main component of tendon, our 

strategy is to extrudate acidic dense collagen solutions 

(from 15 to 60mg/mL) directly in a bath containing a 

saline buffer. We obtained cylindrical threads (diameter 

of 400µm) in a reproducible and standardized manner.  

Electronic and Second Harmonic Generation 

microscopies have been performed in order to assess 

their outer and inner structure. We observed a core-shell 

structure of axially aligned fibrils for the highest 

collagen concentrations. Mechanical testing were also 

done to determine their Young’s modulus. The 

maximum value of 2.5MPa was reached by 60 mg/mL 

collagen threads. Cells successfully colonized the 

threads after 2 weeks in culture under tension (Figure 1). 

 

Even if the mechanical properties have to be improved 

by using cross-linking agents, these results are 

encouraging. The dense collagen threads generated by 

extrusion could be a promising biomimetic scaffold for 

tendon repair.  

 
 

Figure 1: Second Harmonic Generation 

microscopy coupled with fluorescence of a 

collagen thread at 60mg/mL, 30 µm under 

the surface, seeded with cells during 2 weeks 

(green: fibrillar collagen; red: cell 

fluorescence), scale bar=50 µm. Cells 

penetrate in the thread and seem to align in 

the tension axis 
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Transesterification is commonly used to convert bio-oil into biodiesel[1]. Common basic 
catalysts for this reaction are alkaline earth or zinc oxides and hydrotalcites. Several articles are 
devoted to identify the key parameters governing the reactivity of the catalyst in this kind of 
reaction[3] but most of them neglect the fact that weak bases can efficiently catalyse this reaction.  

Preliminary works[4] on this subject focused on the effect of acido-basic properties on the 
catalytic activity for transesterification of ethyl acetate with methanol in liquid phase. 
Magnesium-based materials with varying anions (OH-, O2-, C2O4

2-, PO4
3-, SiO4

4-) were tested. It 
showed that the most strongly basic material MgO showed a low conversion, but a commercial 
magnesium silicate (Magnesol®) and magnesium silicate prepared by co-precipitation method 
had the best activities. The surfaces of these two catalysts are covered with magnesium silicate 
hydrate (MSH) phase. This kind of structure consists in magnesium surrounded by an 
octahedron formed by oxygen, sandwiched between silicate layers, that is similar to talc sheets, 
but defective (Figure 1). 

This study aims to characterise the MSH phase and to reveal how water adsorbs on the 
commercial mangnesium silicate (MS-com) influences its catalytic properties.  In this way, 
MS-com is pretreated at different temperatures (Table 1)[5]. It was observed that the 
conversion decreases with the increase of the pretreatment temperature, therefore with the 
release of the water content of the magnesium silicate. Thermogravimetric analysis, DRIFT and 
1H NMR spectroscopies show that physically adsorbed water has little influence on the 
reactivity, while water incorporated within the catalysts thus desorbing at higher temperatures 
plays a key role on the conversion. Calorimetry, in situ DRIFT spectroscopy and 1H NMR 
indicate that two kinds of active sites exist, that are created from the water coordinated to 
magnesium located on the edge of the clay-like particles or in the defects present in the silicate 
layer, respectively. 
 

  
Figure 1. MSH structure with two dominant modes 
of adsorption of water on magnesium 

Table 1. Conversions and TGA measurements 
for magnesium silicate without (MS) and with 
(MS-X) pretreatment (X being the pretreatment 
temperature in °C). 

 
 
[1] A. L. de Lima, C. M. Ronconi, C. J. A. Mota, Catal Sci Technol 2016, 6, 2877–2891. 
[2] Z. Helwani, M. R. Othman, N. Aziz, J. Kim, W. J. N. Fernando, Appl. Catal. Gen. 2009, 363, 1–10. 
[3] W. K. Teng, G. C. Ngoh, R. Yusoff, M. K. Aroua, Energy Convers. Manag. 2014, 88, 484–497. 
[4] D. Cornu, L. Lin, M. Daou, M. Jaber, J.-M. Krafft, V. Herledan, G. Laugel, Y. Millot, H. Lauron-

Pernot, 2017, Catal. Sci. Technol., submitted. 
[5] L. Lin, D. Cornu, M. M. Daou, C. Domingos, V. Herledan, J.-M. Krafft, G. Laugel, Y. Millot, H. 

Lauron-Pernot, 2017, ChemCatChem, submitted. 

a

Silicium

Oxygen in MS

Oxygen in water

Hydrogen in water

Hydrogen in MS

Magnesium

Hydrogen bonding

b

CH3COOC2H5 +  CH3OH           CH3COOCH3 +  C2H5OH

Sample AcOEt Conv.
(%)

Water	in	solids	
(%)

MS 22.8 16.5
MS-70 22.0 5.4
MS-90 15.2 4.5
MS-110 14.5 3.4
MS-140 13.8 1.8
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One of the challenges of our day is to find novel devices for data storage [1]. In order to be 

efficient and competitive in the current world of “big data” these devices need to combine non-

volatility, high-speed reading and writing, and low-power consumption. One way to achieve this 

purpose, could be the use of multiferroic materials. Indeed, these materials have the 

particularity to present a ferroelectric order (polarization P) and a magnetic order 

(magnetization M) in the same phase. By using the mutual control of the two orders, a 

multiferroic layer could be used to switch the magnetization of a magnetic layer (in a tunnel 

junction for example) by applying an electric field. But this requires multiferroic materials with 

high enough polarization value (P≥1µC.cm-2) and strong magnetoelectric coupling. In 

magnetic ferroelectrics (MFs) for instance the coupling between magnetism and ferroelectricity 

is inherently strong because the ferroelectricity is driven by the magnetic order due to a strong 

magnetostrictive effect. My PhD project is focused on the study of novel multiferroic 

manganese oxides with quadruple perovskite structure (AMn3)Mn4O12. The motivation is that 

these materials exhibit strong magnetic ferroelectricity (P~0.7µC cm-2 in (LaMn3)Mn4O12 

polycristals), which is very promising for multiferroic applications. The first objective of the 

project is to elucidate the origin of such large polarisations in (LaMn3)Mn4O12. In order to 

address this issue, we have carried out Raman and infrared spectroscopy measurements on 

single crystals. Our data give evidence of large phonon anomalies at the C-type 

antiferromagnetic (AFM) ordering transition of the octahedral B-sites (TN,B = 78 K) suggesting 

the existence of significant lattice distorsions induced by the above magnetic order. A second 

objective was to further enhance the ferroelectric polarisations by appropriate substitutions. For 

this project, we have successfully synthesized a new phase,(YMn3)Mn4O12, where the smaller 

cation Y3+ replacing La3+ at the A-site is expected to enhance the magnetic exchange interaction 

between neighboring Mn3+ ions. Our preliminary results on as-prepared single crystals and 

powder samples synthesized under high pressure confirms this expectation. Namely, 

magnetization measurements indicates that TN,B increases up to 108 K, whilst the AFM ordering 

temperature of the A’ sites increases up to TN,A’= 65 K. In addition, specific heat measurements 

indicate a third transition at 200 K whose origin is under investigation. Despite the fact that 

(YMn3)Mn4O12 and (LaMn3)Mn4O12 are isostructural compounds, in the former the occurence 

of ferroelectricity is concomitant to the ordering of the A’ sites at TN,A’, which suggests that the 

mechanism of magnetic ferooelectricity is different in these two compounds.  

 
Références : 
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On the one hand, graphene is a two dimensional hexagonal lattice of carbon atoms, its 

isolation from graphite with the scotch-tape method and its subsequent identification lead to the 

2010 physics Nobel Prize (Geim and Novoselov [1]). On the other hand, superconductivity is a 

property of some material to display zero resistance at low enough temperature, in such a case 

the current isn’t carried by electrons anymore but by pairs of loosely bound electrons (called 

Cooper pairs [2]) which usually have opposite spins.  

Despite many technologically promising properties (high mobility, high conductivity, 

almost transparent…) graphene is not an intrinsic superconductor. Therefore, soon after its first 

isolation, several experiments aimed to induce and modulate superconductivity in graphene. 

Indeed, superconductivity can be induced in a material trough the proximity effect which is the 

leakage of Cooper pairs from a superconductor to the normal material. But these experiments 

were always at relatively low temperature [3] (i.e. smaller than 5K) which hindered potential 

technological applications.  

Here we demonstrate gate-tunable, high-temperature superconducting proximity effect 

in graphene probed by measuring the conductance of a single YBCO/graphene interface. The 

modulation results from the transmission of superconducting pairs through a potential barrier 

and quantum interferences controlled by graphene doping. I will present the process of 

fabrication of YBCO/graphene junction, the minimal theory to understand our system [4] and 

conductance measurement across such junction. I will conclude by presenting new 

measurements on smaller devices showing hints of superconductivity across the whole junction.  

  
 

 

 1. Novoselov, K. S., Jiang, D., Schedin, F., Booth, T. J., Khotkevich, V. V., Morozov, S. V., & Geim, A. K. 

(2005). Two-dimensional atomic crystals. Proceedings of the National Academy of Sciences of the United 
States of America, 102(30), 10451-10453. 

 2. Bardeen, J.; Cooper, L. N.; Schrieffer, J. R. (April 1957). Microscopic theory of superconductivity. 
Physical Review. 106 (1): 162–164 

 3. Heersche, H. B., Jarillo-Herrero, P., Oostinga, J. B., Vandersypen, L. M., & Morpurgo, A. F. (2007). 
Bipolar supercurrent in graphene. Nature, 446(7131), 56-59. 

 4. Linder, J. & Sudbø, A. Tunneling conductance in s- and d-wave superconductor-graphene junctions: 
Extended Blonder-Tinkham-Klapwijk formalism. Phys. Rev. B 77, 64507 (2008). 
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Biocatalysts such as enzymes or bacteria constitute an attractive alternative to transition 

metal catalysts.They have several advantages as they often possess a better selectivity and 

higher catalytic performances and they can be used in different types of electrochemical devices 

such as fuel cells or batteries [1].We are focusing here on the cathode of a fuel cell working 

with enzymes acting as biocatalysts. This type of device is called a biofuel cell.In the cathodic 

compartment, the oxygen reduction reaction (ORR) occurs. Most of the enzymes used to 

catalyse this reaction belong to the multi-copper oxidase family.Among multi-copper enzymes, 

laccase, an extra-cellular blue copper enzyme, is the most widely used biocatalyst. This enzyme 

contains four copper atoms shared in two different areas of the protein.The T1 site is 

responsible for the oxidation of phenolic substrates while T2/T3 is responsible for the ORR 

[2,3,4].The particularity of the cathode developed in this work is first that the enzymes are 

directly grafted on the electrode material and no redox mediator is therefore required to shuttle 

the electrons between the support and the enzyme. Secondly, we have used an amorphous 

carbon nitride (a-CNx) thin film deposited on rough graphite. a-CNx thin films have not been 

studied yet as biofuel cell electrode materials in the literature, although they contain in their 

pristine form surface amine groups [5] suitable for enzyme grafting. Moreover,they can be 

easily deposited on various substrates by cathodic reactive magnetron sputtering. The resulting 

graphite/a-CNx/laccase electrode has been investigated and developed using several strategies. 

One of them consisted of optimizing the ORR cathodic current value by controlling the 

orientation of the enzyme on the electrode surface.We have used cyclic voltammetry and UV-

visible techniques to characterize this optimisation process.A better understanding of the 

electron transfer between the electrode and dioxygen was further developed by using the 

electrochemical impedance spectroscopy (EIS) technique. 

 

1. M. Rasmussen, S. Abdellaoui, S.D. Minteer, Biosensors ans bioelectronics (2016), 76, 91-102. 

2. E.I. Solomon, Inorg. Chem. (2016), 55, 6364-6375. 

3. A. Le Goff, M. Holzinger, S. Cosnier, Cellular and Molecular Life Sciences (2015), 72, 941-952. 
4. S. Cosnier, A. Le Goff, M. Holzinger, Electrochemistry Communications (2014), 38, 19 

5. S. Jribi, S.I. Cordoba de Torresi, T. Augusto, H. Cachet, C. Debiemme-Chouvy, C. Deslouis, A. Pailleret, 

Electrochimica Acta (2014), 136, 473-482. 
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Hydrogels are polymer networks swollen in water and their solid-like and liquid-like properties 

attract academic and industrial interests. Thanks to their high water contents and 

biocompatibility, hydrogels are good candidates for biomedical applications such as tissue 

engineering, artificial cartilage, vessels, and prosthetic joints, etc. However simple chemically 

crosslinked hydrogels are typically fragile and not suitable for industrial applications requiring a 

certain mechanical toughness. The mechanical fragileness of gels derives from a heterogeneous 

network structure which localizes the stress on certain chemical bonds at the molecular level 

and a lack of dissipative mechanism resulting in a concentration of stress at the crack tip when a 

crack is formed.  

Various mechanically reinforced hydrogels have been reported in these last 10 years, and one of 

the successful strategies relies on the introduction of two types of crosslink points, permanent 

(covalent) and transient and reversible (non-covalent). During the deformation of the gel, when 

the transient bonds break, they dissipate a lot of elastic energy, preventing the irreversible 

rupture of the permanent bonds. Furthermore the permanent bonds prevent the network from 

plastic flow. 

Although the dynamics of physical and chemical gels are well understood, new questions arise 

when the two cross-links coexist, such as the dissipation mechanisms, which is a prerequisite to 

understand their large deformation and fracture properties.  

To answer these questions, we have developed a dual crosslink gel having chemical network 

(Poly (acrylamide-co-1-vinylimidazole) crosslinked by MBA) and physical network (the 

coordination bonds between 1-vinylimidazole and transition metal ions. We performed uniaxial 

stretching experiments with the same initial strain rate of 0.06s-1 to characterize the nonlinear 

(large strain) behavior of the dual cross-linked gels with Ni2+, the tensile stress-strain curves 

showed a dramatic increase in stiffness as well as in toughness. We have carried out systematic 

fracture experiments in a single edge notch geometry over a range of stretch rates, we found that 

the fracture energy and crack velocity increase dramatically with increasing stretch rate.  
 

 

 
 
 

 

1. K. Mayumi, A. Marcellan, G. Ducouret, C. Creton, T. Narita, ACS Macro Letters 2 (2013) 1065 
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Isotopic composition analysis holds an important role in geochemistry as it is a powerful tool to 
investigate and understand key geological processes. The study of the biogeochemical cycle of 
zinc is of a great importance due to the economical, environmental and health implications. 
Indeed, half of extracted Zn from ore deposits is discarded to soils, which are the largest 
reservoir of this element after Earth’s mantle and crust and Zn is an essential nutrient to living 
beings which can suffer from both its deficit and excess. The mobility of Zn is controlled by the 
organic and inorganic constituents of soils (e.g. minerals and water). The various interactions of 
Zn with these phases through processes like mineral precipitation, dissolution and complexation 
in aqueous media, incorporation in mineral structure and adsorption on mineral surface, induce 
a fractionation of Zn isotopes.    
 Zn isotope composition variations are small between two phases at equilibrium due to 
the relatively large atomic mass of Zn compared to traditional elements like O, H, C, S and its 
single oxidation state (+II). Experimental advances in mass-spectrometry allow measuring these 
variations. However, the interpretation of these measurements is hindered by the lack of a set of 
equilibrium mass-dependent Zn isotope fractionation factors between Zn-bearing phases. These 
factors are difficult to obtain from controlled experiments in laboratory as reaching the 
equilibrium is major challenge especially at low temperatures relevant in surface and 
environmental mineralogy. 
 Knowing that equilibrium isotopic fractionation obeys the laws of statistical and 
quantum mechanics, we are able to calculate these fractionations using ab initio methods1 
(density functional theory, molecular dynamics and metadynamics). We studied aqueous 
solution containing Zn and various Zn-bearing minerals. The large variety of Zn 
crystallographic environments allows investigating and highlighting the crystal-chemical 
properties at the origin of isotopic property differences between the studied systems. We find 
that the bond strength between Zn and its neighbors controls Zn isotope fractionation. This 
parameter is in turn controlled by bond lengths and charges on atoms around Zn. The calculated 
set of equilibrium fractionation factors provides a consistent basis to interpret natural isotopic 
variations. 
 
 
 
 

 

1. Ducher, M. et al.: Equilibrium zinc isotope fractionation in Zn-bearing minerals from rst-principles calculations. 
Chem. Geol., 443, 87-96 (2016)  
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Acrylate formulations can spontaneously generate surface patterns by UV-curing in open-air. 

This phenomenon, designated as self-patterning, is due to the inhibition of the polymerization 

by ambient oxygen at the film surface. Indeed, the unreacted monomers at the top of the film 

swell the network underneath, generating constraints which are released by surface buckling.
1
 

However, we show that self-patterning occurs if there is a balance, at the film surface, between 

oxygen inhibition and polymerization rates.
2
 Indeed, to counterbalance the continuous oxygen 

diffusion at the film surface, polymerization kinetics has to be very fast. It can be achieved 

using acrylate monomers which are characterized by very high propagation rate constants. 

However, if the polymerization kinetics is too fast (for example using very high UV intensities) 

oxygen inhibition is strongly reduced at the surface, preventing self-patterning. Finally, highly 

ordered and long-range morphologies, such as hexagons, peanuts or lamellae, can be obtained. 

Their type and size can be tuned with easy-to-handle parameters such as the crosslinker 

concentration and the film thickness (figure below). 

 

 
Morphologies of phenoxyethyl acrylate (PEA) films (initiator 0.4 mol%, UV irradiation 30 s): (A) with 

different crosslinker concentrations (thickness 0.9 mm); (B) with different film thicknesses (crosslinker 

concentration 2 mol%). (C) Patterns diagram with film thickness and crosslinker concentration for PEA. 

The random morphology was observed without adding any crosslinker and with a film thickness of 0.3 

mm. Scale 200 μm. 

 
 

 

 

1. D. Chandra, A. J. Crosby, Adv. Mater. 23 (2011) 3441 
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The deterioration of ancient glass objects by atmospheric alteration is a serious issue for the 
museum collections. Active degradation is indeed observed on the surface of numerous glass 
objects stored in museums, through macroscopic manifestations mainly like white salt deposit 
and crizzling, resulting in a loss of transparency and material disintegration [1,2]. Depending on 
the glass composition and the conservation conditions, the related mechanisms are not yet well 
understood. Until now the best protective measure applied by conservators and curators to slow 
down the alteration is the control of the environment (temperature, relative humidity, pollutants) 
within suitable museum display cases. Nevertheless, by acting directly on the glass surface, 
much more efficient methods could be proposed. Inspired by industrial process to protect 
manufactured glass windows during their storage and transport, we focus on the potentiality of 
zinc salts deposits. 
In this view, the mechanisms underlying the atmospheric alteration and the protective action of 
Zn(II) are studied by the mean of ageing tests in climatic chamber (temperature and humidity 
control) on relevant glass replica (silicate rich in alkalis). Ageing temperature, glass 
composition and zinc treatment effects on the chemical, morphological, structural and 
microstructural evolution of the glass surface are evaluated. 
Our results highlight the positive effect of small amount of Zn(II) to slow down the hydration 
kinetics of silicate glasses with various Na/K ratio. A buffering and a passivation effect of 
Zn(II) on glass surface are postulated and will be introduced in the course of this presentation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1. S.P. Koob, Conservation and Care of Glass Objects, Archetype, U.K (2006) 117-130 
2. J.J. Kunicki-Goldfinger, Reviews in Conservation, 9 (2008) 47-60 



ED 397 school days 
9th & 10th of february 2017 

 
Photonic conversion for high efficiency solar cells 

Charlène CREVANT *1,2, Philippe BARANEK 1,2 and Jean-François GUILLEMOLES 2,3 

 
1 EDF R&D, IRDEP Institute of research and development for photovoltaic energy, 6 quai Watier 78401 Chatou, France 

2 IPVF, Institut Photovoltaïque d’Ile-de-France, 8 rue de la Renaissance 92160 Antony, France 

3 CNRS UMR7174, IRDEP Institute of research and development for photovoltaic energy, 6 quai Watier 78401 Chatou, 
France 

* Corresponding author : charlene.crevant@chimie-paristech.fr 
 
Keywords: Photovoltaic, Down conversion, Photoluminescence  
 
In 1961, William Shockley and Hans Queisser determined the efficiency limit of any single 
junction solar cell under standard test conditions [1]. The figure 1 shows the Shockley Queisser 
(QS) limit that is the percentage of power converted from sunlight to electrical energy, the QS 
maximum is around to 33%. 47% of wasted energy is due to the thermalization process. Indeed, 
the absorber materials can absorb UV photons but the energy is too high. For example, in a 
CIGS solar cell, the number of lost photons represents 53%, i.e. 524 W/m2 (see figure 2), in the 
UV range it represents 16% of losses (or 159 W/m2). This is the reason why some solutions are 
considered to decrease or avoid this energy loss in the single junction solar cells.  
 
Two conversion processes have been identified. Up-conversion [2][3] and down-conversion [4] 
[5] techniques can address this issue in the IR and UV range respectively. Up-conversion is a 
nonlinear process permitting the conversion of IR light (at low energy) to visible light by 
simultaneous absorption of two photons. Down-conversion combines two techniques: 
downshifting and photon cutting. Photon cutting permits to convert UV or blue photons (at 
higher energy) into two photons of equal energy but two times lower than the initial one. As for 
the down-sifting, it allows to convert one UV to visible photon into one photon at lower energy. 
Downshifting is a real interesting process because the conversion of wasted photons in the UV 
range leads to the electron-hole pair generation in the solar cell and an improved efficiency [6].  
 
A review of downshifting materials has been done. This study consisted to test different 
fluorescent materials and to characterize the effect on the electrical properties of different solar 
cell generations. The luminescent downshifting layer (LDSL) have been elaborated with 
different polymeric matrixes and fluorescent materials to determine the best coupling.  
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Figure 1 : The Shockley-Queisser limit representation in comparison with the current yields of 
solar cells (S. Byrnes/Harvard University) 
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Figure 2 : Global solar spectrum at air mass 1.5 (violet curve) and on the left, an absorption curve 
for a CIGS solar cell (blue curve) 
 
 
 
 
 
 
 
 
 
 
 

[1] W. Shockley, H.J. Queisser, J. Appl. Phys. 32 (1961) 510 
[2] P.B. Merkel, J.P. Dinnocenzo, J. Lumin. 129 (2009) 303–306 
[3] T.N. Singh-Rachford, F.N. Castellano, Coord. Chem. Rev. 254 (2010) 2560–2573 
[4] G.C. Glaeser, U. Rau, Thin Solid Films. 515 (2007) 5964–5967 
[5] E. Klampaftis, D. Ross, K.R. McIntosh, B.S. Richards, Sol. Energy Mater. Sol. Cells. 93 (2009) 1182–1194.  
[6] Y. Zhu, A. Apostoluk, B. Masenelli, P. Melinon, SPIE Newsroom. (2013) 
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In the recent years, the development of novel efficient materials for various applications fields, 

such as lithium-ion batteries, high temperature thermoelectric energy conversion or catalysis, is 

a fundamental point of chemical research. Bulk alloys of metals with boron or/and phosphorus 

show exciting properties for these applications.
1-4

 However, nanostructures of these phases are 

subject of an increasing interest in order to improve their properties. These compounds remain 

“exotic” to chemists of nanomaterials due to the harsh conditions required for their synthesis. 

For instance, borides need very high temperatures for crystallization, typically higher than 

1000°C. In this range, extensive growth of the particles occurs along with the loss of the 

nanoscale features. The recent discovery of high electrocatalytic and photocatalytic activity of 

borides and phosphides relevant for fuel cells and water splitting is an overwhelming impulse in 

the search for routes towards controlled nanostructures of these compounds. 

Our aim is to develop new routes to nanoparticles of metal borides and phosphides at low 

temperature. To reach this goal, we are addressing original liquid-phase syntheses.
5-6

  

In this presentation we will show a new pathway toward nickel boride nanoparticles with 

precise control over the nanoparticle morphology, the size, the composition and the crystalline 

structures.
7
 

With the access to nanoscaled metal borides and metal phosphides, novel binary materials and 

then ternary materials can be envisioned. In-situ experiments have also been performed to 

explore the surface reactivity of these materials. The objective is to investigate novel properties 

and performances improvement, especially in the fields of catalysis and energy harnessing. 

 

        
 

Figure 1: (a) Binary phase diagram of the LiCl−KCl system, and picture of the liquid solvent at the eutectic composition used for 

the colloidal synthesis1. (b) Ni4B3 NPs synthesized at 450°C in LiI/KI with Ni/B=1/1 during 1h30.  Left: TEM imag; right: HRTEM 
image and in inset FFT pattern of the HRTEM image 

 

 

1. Albert, B.; Hillebrecht, H. Angew. Chem. Int. Ed. 48 (2009) 8640–8668 

2. Mori, T. J. Phys. Conf. Ser. 2009, 176, 012036. 

3. Gillot, F.; Boyanov, S.; Dupont, L.; Doublet, M.-L.; Morcrette, M.; Monconduit, L.; Tarascon, J.-M. Chem. Mater. 
17 (2005), 6327–6337 

4. Carenco, S. ; Portehault, D.; Boisssière, C.; Mézailles, N.; Sanchez, C. Chem. Rev. 113 (2013) 7981  

5. Carenco, S. ; Portehault, D.; Boisssière, C.; Mézailles, N.; Sanchez, C. Adv. Mater. 26 (2014) 371–390  

6. Portehault, D.; Devi, S.; Beaunier, P.; Gervais, C.; Giordano,C.; Sanchez, C.; Antonietti, M. Angew. Chem, 123 
(2011) 3320 –3323  

7. Chan-Chang, THC.; Lassalle, B.; Ruef, J.-P.; Larquet, C.; Sanchez, C. ; Carenco, S. ; Portehault, D. Paper in 
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Introduction 

It is still a challenge in many industrial applications, e.g. cosmetics, inks, adhesives, lubricants, paintings, etc., to control 
the rheological properties of organic formulations. Here, we describe a new approach to control the viscosity of organic 
solutions as a function of temperature. For that purpose, we designed two sets of random copolymers that have 
temperature dependant solvent affinity

1
 as well as the ability to reversibly connect through the formation of dynamic 

covalent bonds
2
. By manipulating the composition and functionality of the copolymers it is possible to adjust the 

temperature for which the system will respond as well as the resulting viscosity. 
 

Results and discussion  

RAFT
3
 polymerizations were conducted to obtain two sets of low molecular weight copolymers bearing diol and boronic 

ester functions, respectively. That versatile polymerization enables to easily tune the copolymers composition, molecular 
weight and functionality. The Newtonian viscosity of oil formulations containing both copolymers was studied as a 
function of temperature. Thanks to the reversible association of the complementary copolymers as a function of 
temperature, these formulations exhibit a significant increase of the relative viscosity at high temperatures (Figure 1-A). 
In addition, the rheological behavior of the formulations is fully reversible and reproducible over several warming-
cooling cycles (Figure 1-B). 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Figure 1 - Relative viscosity of several formulations as a function of temperature 

Conclusions 

We successfully prepared two sets of complementary copolymers via RAFT copolymerization. Dissolved in apolar 
organic solutions, these copolymers exhibit the ability to associate when temperature increases and dissociate when 
temperature decreases. The association of both polymers conducts to a significant increase of the relative viscosity of the 
solution with a good reversibility and reproducibility. 
 

 

 

1.  L. R. Rudnick,  Lubricant Additives Chemistry and Application,  CRC Press, 2009 

2. S. J. Rowan; S. J.Cantrill; G.R.L. Cousins; J. K. M. Sander; J. F. Stoddart  Angew. Chem. Int. 2002, 41, 898. 

3. J. Chiefari; Y. K. Chong; G. Moad; E. Rizzardo; S. H. Thang Macromol 1998, 31, 5559 
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In France, electricity is provided by Light Water Reactors (LWR). An essential element of those 

reactors is the fuel cladding, which is the first containment barrier of the nuclear fuel. Those 

claddings are made of zirconium alloy and are surrounded by an aggressive environment -

pressurized water at 350°C and 155 bars. In a hypothetical Loss-of-Coolant-Accident (LOCA) 

scenario, the pressurized water turns to vapor and the claddings may reach temperature up to 

1200°C. In these conditions, the claddings undergo a high temperature oxidation which affects 

their mechanical behavior.  

In order to decrease the oxidation rate of the claddings both in accidental and nominal 

conditions, one investigated solution is to coat the claddings with chromium. In LOCA 

situations, chromium coated claddings have shown some additional “coping time” before 

achieving full embrittlement of the oxidized cladding when compared to uncoated reference – 

both tested in steam environment up to 1300°C.  

 

Nevertheless, the behavior of chromium coatings and the stability of the Zr-Cr interface under 

neutron irradiation remain unknown. The purpose of this study is then to determine the behavior 

of such coatings after ion irradiation, as a surrogate to neutron irradiation. The interface Zr/Cr 

will be characterized before and after ion irradiation by means of High Resolution Electron 

Transmission Microscopy (HRTEM) coupled with Energy Dispersive Spectroscopy (EDS) and 

Electron Energy Loss Spectroscopy (EELS). Figure 1 show a HRTEM micrograph of the 

interface Cr/ Zr(Fe,Cr)2. 

 
Figure 1: HRTEM micrograph of the interface Cr/ Zr(Fe,Cr)2. 

 

 

 

1. J.C. Brachet et al., On going studies at CEA on Chromium coated zirconium based nuclear fuel claddings for 

enhanced accident tolerant LWR’s fuel, Topfuel 2015, Zurich, Switzerland, 2015 Sept. 13-17  

 

2. I.Idarraga-Trujillo et al, , Assessment at CEA of coated nuclear fuel cladding for LWRS with increased margins in 

LOCA and beyond LOCA conditions, TopFuel 2013, Charlotte, North Carolina, USA,  2013 September 15-19 
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In an industrial furnace, bubbles generated during the batch reaction are well-known: mainly 

CO2 bubbles during the melting and SO2/O2 bubbles during the fining process. In order to use 

more and more recycled glass for the production of new glass sheets or bottles, it is necessary to 

understand what differences exist on the bubble behavior. Without chemical reactions between 

raw materials, the only available gases are dissolved in the glass cullet 
1
. 

Using High-Temperature Observation 
2
 and image analysis coupled with Evolved Gas Analysis, 

we exhibit several situations depending on the conditions of the glass production and on the 

glass composition. We show that the nucleation process can follow a Poisson behavior 
3
 and that 

coalescence has a strong effect on the spatial distribution of the resulting bubbles. Using 

Voronoï tessellations to follow the spatial distribution of the bubbles, it is possible to estimate 

the number of coalescence events. 

 

 
 

The growth rate of the bubbles is also measured and follows a diffusion process which can be 

modelled. Glass redox state and industrial conditions of glass production are responsible for 

differences in the growth rates of bubbles. 

This presentation tries to show that image analysis bring a new insight of the reactions occurring 

in melted glasses and that thermodynamic values such as diffusivities, solubilities could be 

estimated through this approach. 
 

 

1. R.G.C. Beerkens, JACS 86, 1893 (2003) 

2. J. Klouzek, M. Arkosiova, L. Nemec, Ceramics-Silikaty 50, 134 (2006) 

3. H. Lhuissier, D. Lohse, X. Zhang, Soft Matter 10, 942 (2014) 
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Predict how corrosion evolves for centuries in iron materials is decisive as well in 

nuclear field in order to evaluate the nuclear waste containers thickness as in cultural heritage 

for conservation of metal items. Our goal is to describe the Corrosion Product Layers (CPLs) 

which grew up under natural conditions in order to understand the corrosion mechanisms and 

the role of the layer in those phenomena. The aim of this study is to correlate both elementary 

and structural data thanks to chemometrics. The development of a reliable methodology is based 

on the case of archeological artefacts corroded in atmosphere. CPLs contain goethite, 

lepidocrocite, akaganeite and ferrihydrite (Fe2O3, nH2O). Ferrihydrite is an electrochemical 

reactive phase which can see its reactivity decrease by adsorption of chemical species coming 

from the environment like phosphate and sulfate [1]. Phases and chemical elements are 

heterogeneously distributed at micrometric scale and these phenomena have to be taken into 

account to describe the long term corrosion processes in atmosphere. 

In order to obtain a representative description on large areas, Raman and SEM-EDX 

hyperspectral images were acquired on the same zones. Hyperspectral images are about several 

tens of thousands spectra. Raman data have been analyzed by Multivariate Curve Resolution–

Alternating Least Squares (MCR-ALS). This algorithm allows to detect every crystalline phases 

in the analyzed zone and to quantify phase proportion [2]. 

To evaluate the correlations between structural and chemical data, Raman and EDX 

hyperspectral images (micrometric resolution) have been examined together. A first approach 

consists in merging Raman and EDX spectra together after several preprocesses. Then a PCA is 

used on merged spectra. A second approach is based on the use of component images obtained 

from the analysis of both datasets separately. For Raman spectroscopy, the quantification 

images of component extracted by MCR-ALS are used. For EDX, intensity signals of each 

elements are extracted. Multiblock treatments are performed on the images obtained from these 

data [3, 4] to specify the possible correlation between elementary and structural information in 

CPLs. 

First results on merged spectra, thanks to PCA, seems to show a correlation between 

phosphorus and other minor elements as sulfur with ferrihydrite on one of the principal 

components. 
 

1. Benali, O., et al., Effect of orthophosphate on the oxidation products of Fe(II)-Fe(III) hydroxycarbonate : 

The transformation of green rust to ferrihydrite. Geochimica and Cosmochimica Acta, 2001 

2. de Juan, A., et al., Chemometric Tools for Image Analysis, in Infrared and Raman Spectroscopic Imaging. 

2009 

3. Tucker, L.R., An inter-battery method of factor analysis. Psychometrika, 1958 

4. Hanafi, M., A. Kohler, and E.-M. Qannari, Connections between multiple co-inertia analysis and consensus 

principal component analysis. Chemometrics and Intelligent Laboratory Systems, 2011 
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Purification steps are major issues in the chemical and pharmaceutical industries. Indeed, removal of 

by-products is often very expensive and difficult to process and increases dramatically final product 

costs. The present study aims at developing a new purification method which consists of removing 

impurities via a solid support easily separated from the mixture. Solid support can be either 

commercial nanoporous microparticles easily separated by filtration and decantation or nanoparticles 

with a magnetic core1 that can be removed by an external magnet. (Nano)particles are grafted with 

functional end-groups able to link covalently and selectively  by-products in post-reaction solutions. 

After purification process, (nano)particles are easily recycled thanks to reversible function inserted 

between the purification support and the by-product. Imine bonds are excellent candidates for 

generating reversible bonds. 2 Furthermore amines used to create imine bonds are highly available 

with various functions at their extremity which make them attractive for binding various impurities.   

 

Examples of model solutions purification thanks to nanoporous microparticles with a big specific 

surface area (550m²/g) will be presented. The latter are functionalized in three steps in order to 

generate an imine group and get secondary amine function at the surface, thanks to 1-(2-

aminoethyl)piperazine. Purification efficiency of epoxy and acrylate solutions is monitored by 

analyzing the mixture supernatant via UV spectroscopy and NMR. After being removed from the 

solution, particles are recycled by exchange reaction between grafted imines and free amine. 

Purification/recycling processes can be achieved over several cycles while keeping good purification 

efficiency.  

 

 
 

 

                                                           
1 Hui, C.; Shen, C.; Tian, J.; Bao, L.; Ding, H.; Li, C.; Tian, Y.; Shi, X.; Gao, H.-J. Nanoscale  3 (2011) 701. 
2 Ciaccia, M.; Di Stefano, S. Organic & Biomolecular Chemistry  13 (2015)  646. 
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Stainless steel corrosion is an issue in a large number of fields (pitting corrosion, high 

temperature corrosion …) leading to extended economic repercussions. Since the 2000s, sol-gel 

coatings have been extensively developed in order to limit unwanted oxidation in corrosive 

environments. Porous meso-structured thin films with thicknesses typically between 50 and 150 

nm and loaded with corrosion inhibitors have been used as anticorrosion layers. Therefore, it is 

necessary to understand the potential interactions (elements diffusion, growth of an in-between 

layer) at the interface of the metallic substrate with its passive oxide layer and the sol-gel thin 

film. The aim of this study was to characterize these interactions during the thermal treatment of 

the stainless steel. 

 

Inorganic thin films have been deposited on nickel based alloy using dip-coating. Metal 

alcoxydes combined with acetylacetone as hydrolysis and condensation inhibitor are used in the 

synthesis. Ellipsometry is an optical technique for investigating the thickness and optical 

properties (refractive index and extinction coefficient) of the different layers on the substrate. It 

has also been used to characterize micro- and mesopores in thin films. Furthermore, this 

technique has been used to measure the optical properties and thickness of the system during the 

thermal treatment, providing a useful understanding of the different phenomena such as organic 

compounds pyrolysis, crystallization, sintering. Thin films have also been characterized by: X-

ray Diffraction (in grazing incidence), Scanning Electron Microscopy, Transmission Electron 

Microscopy, and Atom Probe Tomography. 

 

Firstly, a preliminary study of oxidation of nickel based alloys without any coating has been 

performed. Thermal oxides forming during treatment up to 500°C have been modeled. The 

results, matching those reported in the literature, have assessed the ellipsometric measurements. 

Then, the system with the sol-gel thin film on the metallic substrate has been inquired. 

Experimental results have highlighted the formation of a chromium-rich oxide layer between the 

sol-gel film and the metallic substrate. The influence of the following parameters upon this 

phenomena have been studied: thickness of the film, nature of the oxide and meso-porosity or 

dense films. The diffusion of elements between the substrate (nickel, chromium, iron) and the 

sol-gel thin film have also been investigated using Atom Probe Tomography. This study has 

given understanding of the interactions between the metallic substrate and its coating when 

exposed to thermal treatment; this will be very useful to future potential anticorrosion 

applications. 
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Fluorescent semiconductor quantum dots (QDs) exhibit several unique properties that make them 

suitable candidates for biomolecular recognition i.e. high brightness, photostability, broad excitation and 

narrow emission spectra. When these QDs are assembled into clusters, they show an increased 

fluorescence signal as compared to their individual counterparts, thus allowing an even greater sensitivity 

of detection with simplified instrumentation. However, individual QDs are initially capped with 

hydrophobic ligands and controlling their assembly into water-soluble structures can be laborious. 

Moreover, the outer shell of an ideal biomolecular probe must simultaneously conform to several criteria 

such as robustness, antifouling and facile biofunctionalization. 

Our work describes the development of fluorescent and spherical nanosized clusters (NSCs), envisioned 

as a probe for fast and ultra-sensitive biomolecular recognition. Atypically compact and monodisperse 

QD-NSCs were obtained by aggregating QDs in a surfactant-mediated microemulsion and by stabilizing 

them with a silica shell grown by a Stöber-inspired process. Our attempt to efficiently functionalize 

Stöber silica beads with a monosilane ligand at very low silica concentrations or in a slightly basic 

medium failed due to the increased hydrolysis of Si–O–Si bonds. Thus, we synthesized a novel 

multidentate copolymer comprising multiple silane functions for robust silica anchoring, as well as 

zwitterionic functions for water solubility and biofunctionnalisable moieties. Stöber silica beads coated 

with this copolymer showed low-fouling properties and a superior hydrolytic stability in a physiological 

buffer over 6 days, as compared to the same beads reacted with a monosilane ligand. Once the 

copolymer-silane hybrid was grafted onto QD-NSCs, their biofunctionalization via copper-free bio-

orthogonal cyclooctyne-azide click chemistry was demonstrated with a biotin-streptavidin affinity test. 

 

 

 

Fig. TEM image of QD-NSCs.  

 

1. F. Dembele et al., Zwitterionic-silane copolymer for ultra stable and bright 

biomolecular probes based on fluorescent quantum dot nanoclusters, writing in process 

2. X.Hu et al., ACS Nano 4 (2010) 6080–6086. 

3. W. Stöber et al., E. J. Colloid Interface Sci. 26 (1968) 62-69 

4. E. Mahon et al., Chem. Commun. 48 (2012) 7970–4972  
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One of the main challenges of the next century is to adapt our energetic model to the increasing 

population while preserving our environment from global warming and resource depletion. This 

goal is globally tackled by the development of renewable energy sources and electric vehicles, 

which both rely on the performance of energy storage systems. 

Li-rich layered oxides Li2MO3 (M = transition metal) are considered as the most promising 

cathode materials for next generation Li-ion batteries.
1
 Their exacerbated capacity (autonomy) 

originates from an excess of Li in the material together with the possibility to oxidize the 

oxygen in addition to the transition metal. This unusual behavior of oxygen has been 

investigated in our group by studying the formation of oxidized (O2)
n-

 species in Ru and Ir-

based model materials.
2,3

  

By increasing the O/M ratio and moving from Li2IrO3 to Li3IrO4, we activate further the redox 

of oxygen. Through complementary in situ XRD, XAS and ex situ EPR, we show that Li3IrO4 

can be either oxidized to “IrO4” or reduced to “Li4.7IrO4” through anionic and cationic redox 

processes, respectively.  

 

 

 
 
 

 

 

1. Rozier, P. & Tarascon, J. M. Journal of The Electrochemical Society 162, A2490–A2499 (2015). 
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ED 397 school days 
9th & 10th of february 2017 

 

Defects in ZnO Nano-Smoke: A Combined Structural 

and Spectroscopic Study 

Miao ZHANG
1 2

, Frédéric AVERSENG
2
, Guylène COSTENTIN

* 2
 and Slavica STANKIC

* 1
 

1 
Institut des Nanosciences de Paris, University Pierre et Marie Curie, Paris, 75252 cedex 05, 

France 
2
 Laboratoire de Réactivité de Surface, University Pierre et Marie Curie, Paris, 75252 cedex 

05, France 

* Corresponding author  

 

Keywords: ZnO nanoparticles, Photoluminescence, Electron Paramagnetic Resonance 

 

A number of synthesis approaches, a wide variety of morphologies and the unique electronic 

and optical properties exhibited by nanostructured ZnO have made them a potential agent for 

application in many fields. This metal oxide encompasses an amazing spectrum of applications 

(UV-light-emitting diodes (LEDs), sensors, catalysis, biomedical science etc.) competing, thus, 

to be one of the most promising compounds among other functional materials [1]. With a direct 

band gap of 3.4 eV, ZnO reveals absorption in the near UV range (<360 nm) and luminescence 

emission in the visible ranging from green to red light. High exciton-binding energy (60 meV) 

allows efficient excitonic emission even at room temperature. The presence of very rich defect 

chemistry [2, 3] – with Zn interstitials and oxygen vacancies known to be the predominant ionic 

defect types – complicates, however, the advances necessary for ZnO to become a front-runner 

in the context of new applications. Only to precise which defect dominates in native, undoped 

ZnO is still a matter of great controversy.  

 

Our goal is to map spectroscopic fingerprints of ZnO which correlate defects with conditions of 

synthesis and processing. We employ metal combustion, the solvent free synthesis along with 

the annealing treatments which allow us to not only obtain pure and high crystal quality 

nanoparticles but also to tune the type and concentration of defects in the final ZnO nanopowder. 

TEM and XRD analysis have been used to determine the morphology and structure whereas for 

the purpose of optical and paramagnetic species characterization, Diffuse Reflectance, Raman, 

Photoluminescence (PL) and Electron Paramagnetic Resonance (EPR) spectroscopy have been 

performed. In this contribution, we will show that there exists a straightforward correlation 

between Zn-interstitials, defects which have been found to dominate under non-equilibrium 

conditions of the employed synthesis technique, and the PL emission (2.92 eV) and EPR signal 

(g1.956). In a similar way, spectroscopic features attributed to oxygen related defects (oxygen 

vacancies and / or oxygen interstitials) were found to be observable in function of synthesis, 

processing and measurement conditions. 
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Microorganisms have proven to be very interesting assets in bioremediation processes for water 

depollution. However, the use of such living organisms is not yet widely used in the soil 

depollution domain. This is mainly due to their sensitivity regarding environmental conditions 

(pH, temperature, osmotic pressure etc…), but potential leaching of exogenous microbial strains 

is also a major concern. In order to tackle these issues, we propose to encapsulate bioactive 

microorganisms in a macroporous hybrid foam (Saccharomyces cerevisiae proved to be a good 

model organism[1]). 

Use of a hybrid material of biopolymer and silica is crucial to ensure compatibility with the 

living encapsulate, but also to prevent rapid degradation of the material in the targeted soil. The 

specific macroporous channel-like structure is designed to ensure good substrates exchanges 

between the soil and the material during the depollution process (See figure 1). 

Processing techniques must be chosen in order to preserve the viability of the encapsulate while 

shaping the material into the desired morphology. 

In this work, the material is obtained through a two-step process. First the microorganisms are 

entrapped in a macroporous biopolymer matrix by freeze-casting of a polysaccharide-living 

organism suspension. This technique confers a good control regarding the viability of the 

encapsulate, as well as fine tuning possibilities over the morphology of the macroporous foam 

(size and orientation of the pores, width of the pore walls etc…). The biopolymer foam 

containing encapsulated microorganisms is subsequently coated with a silica layer by sol gel 

route, which ensures mild synthetic conditions. 

Another critical facet of the subject is the monitoring of the material’s behavior in 

model conditions (either soil or water), which could prove to be a crucial step toward 

the conception of an efficient soil depollution device. 

 
Figure 1 : Bioactive microorganisms (purple) are entrapped in a biopolymer foam (green) which is 

subsequently coated with a silica layer (grey) 

 
 

 

 

1. S. Christoph, J. Kwiatoszynski, T. Coradin, and F. M. Fernandes, Macromol. Biosci. 16 (2015), 182-187                   
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High-power solid-state laser source for visible emitting is of great interest for several 

applications such as laser pointers, display technology, optical data storage, sub-marine 

communications, scientific spectroscopy and medical treatment. A Solid-state material consists 

of lanthanide ion and host. To realize laser emitting in visible spectral range, Pr3+ is attractive 

ion because of its appropriate energy levels (see fig 1.) corresponding to various visible 

emission such as green, orange, red and deep red. Besides, oxide hosts were chosen due to their 

outstanding thermomechanical properties such as high thermal conductivity, hardness and 

segregation coefficient1-2. 

 
Fig 1. Energy level diagram of trivalent praseodymium ions3 

In this work, we focused on the crystal growth, spectroscopic properties and laser 

performance of Pr3+ doped oxide hosts such as Sr0.7La0.3Al11.7Mg0.3O19 (ASL) and SrLaGa3O7 

which are considered as promising materials. Single crystals Pr: ASL and Pr: SLGM were 

successfully elaborated by Czochralski process with good optical quality. Their spectroscopic 

properties were investigated by recording absorption, emission spectra and measuring the 

fluorescence lifetime of 3P0 and 1D2 manifolds. In addition, Relic1.0 software was used to run 

Judd-Ofelt analysis leading to determination of parameters Ωt, radiative properties as well as 

emission cross section.  

2% Pr-doped ASL crystals were used to perform CW laser experiments in visible 

spectral range under an excitation of 486 nm, pumping by a 2ω-OPSL. A maximum output 

power of 267 mW red laser emitting (643nm) was obtained with 1.2W of absorbed pump power. 

The corresponding slope efficiency was found to be 27%. Using 2%Pr: ASL crystals, laser 

operations were also performed for the orange (620 nm) and the deep red (725 nm).  
 

 

1. F. Reichert, D. Marzahl, P. Metz, Opt Lett 37 (2012) 4889-4891. 

2. G. Neuroth, F.Wallrafen, J. Cryst. Growth 199 (1999) 435–439. 

3. F. Reichert, D.-T. Marzahl, and G. Huber, J. Opt. Soc. Am. B 31 (2014) 349–354. 

mailto:suchinda.sattayaporn@chimie-paristech.fr


ED 397 school days 
9th & 10th of february 2017 

 

SYNERGISTIC EFFECT IN V-MODIFIED 

HYDROXYAPATITES AS SELECTIVE 

CATALYSTS IN THE OXIDATIVE 

DEHYDROGENATION OF PROPANE 
S. Petit1,2*, C. Laberty-Robert2 and G. Costentin1  

1 Laboratoire de Réactivité de Surface, UPMC, 4 Place Jussieu, 75005, Paris (France)  
2 Laboratoire de la chimie de la matière condensée, UPMC, 4 Place Jussieu, 75005, Paris 

(France) 

* sarah.petit@upmc.fr 

 

Keywords: Hydroxyapatite, vanadium, oxidation, propane 
 

Given the increasing need in propene and the booming production of propane from shale 

gas, the oxidative dehydrogenation (ODH) of propane to propene is a key reaction to 

solve a major societal concern. Recently, the hydroxyapatite (HAp) system modified by 

vanadium was claimed to be as selective in propene as the V/MgO system1. Yet very little 

is known on the origin of this particular behavior. Indeed, the HAp system is known for 

its tunable acid-base surface properties2 and its flexible structure in which vanadium can 

be incorporated, thus conferring redox properties to the system and resulting in promising 

bifunctional catalysts. Controversial data from literature rather question the possibility to 

successfully incorporate the vanadium in the hydroxyapatite framework, especially for 

high vanadium content. Depending on the pH profiles achieved during the 

precipitation/maturation steps, the fresh samples consisted in vanadium-hydroxyapatite 

solid solutions Ca10(PO4)6-x(VO4)x(OH)2 (series Vx-Hap-pH-9 for x=0→6) or in a mixture 

of phases, including a solid solution of vanadium-hydroxyapatite and Ca2V2O7 from x>4 

(series Vx-HAp-pH-per)3. In the Vx-Hap-pH-9 series, the increase of vanadium content 

promotes the thermal transition of hydroxyapatite into oxyapatite, as evidenced by DRIFT 

studies, and also supported by the activation of the proton conductivity. The local 

environment of vanadium atoms of the synthesized samples was investigated (XRD-

Rietveld, 1H, 31P and 51V solid state NMR, Raman, UV-DRS and in situ DRIFT, EPR). 

The concomitant presence of the two phases results in the presence of VIV in the fresh 

samples and in different reducibility of the samples .Such control of the redox exchanges 

by Ca2V2O7 and of the acid base properties of the hydroxy/oxy-apatite system finally 

leads to a beneficial synergistic effect in the ODH reaction (improvement of the 

conversion and propene selectivity) that is also promoted by the intimate contact between 

the two phases. 
 

 

 

1. Sugiyama, S., Osaka, T., Hirata,Y., Sotowa, K. Appl. Catal. A, 312 (2006) 52-68 

2. Diallo-Garcia, S., Ben Osman, M., Krafft, J.M., Casale, S., Thomas, C., Kubo, J. and Costentin, G. J. Phys. Chem.        
C, 118 (2014) 12744 

3. Petit, S., Thrimurthulu, G., Thomas, C., Dzwigaj, S., Millot, Y., Brouri, D., Krafft, J.M., Rousse, G., Laberty-Robert, 
C., Costentin, G. submitted. 
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The automotive industry pushes towards the development of aluminum light-weight steel sheet
with improved formability and impact resistance. Such products change the paradigm of the
galvanization which is the historical protection of steel strip against corrosion. It switches from
favorable wetting of zinc on steel to a poor one on an oxide that inevitably forms during the
strip recrystallization annealing. Therefore, the understanding of the orientation and
environment dependent oxidation is highly demanded to potentially prevent it. In this context,
this PhD thesis setup a surface science approach of the oxidation behavior of model Fe0.85Al0.15
single crystals of various orientations (110), (100) and (111) using Scanning Tunneling
Microscopy (STM), Low Energy Electron Diffraction (LEED) and X-ray Photoelectron
Spectroscopy (XPS).

Annealing triggers carbon segregation on (110) surface and Al segregation on all the surfaces.
Carbon impurities segregate on top of a reconstructed bare surface in the form of parallel stripes
running along [001] direction, spaced by approximately 18 nm. The carbon free areas of the
substrate show superstructure LEED satellite diffraction spots, which correspond to a local
pseudo-hexagonal arrangement that is induced by Al segregation. As a more open surface, FeAl
(111) shows a much higher roughness and displays triangular features in the form of nano-
pyramids. Both (111) and (100) present a (1×1) LEED pattern above 600 K, with more obvious
Al surface enrichment as compared to (110).

Ordered oxides overlayers formed by oxygen exposure at high temperature (>970 K) on FeAl
(110) share similarities with NiAl (110) and are composed of two domains. Regardless the dose
of O2, the thickness of the oxide is self-limited to around 7Å. Oxidation of (100) generates
ordered oxides in form of square crossing texture, with a smaller thickness compared to (110).
Finally on (111) surface, amorphous oxides are produced.

Oxidation on (110)
surface @ 1070 K
with 50 L of O2

45 eV
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Figure 1. Texture and LEED pattern of oxides form on (110) surface (250×250 nm2) and (100)
surface (500×500 nm2)
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Proteins filaments control cell mechanics especially by their rigidity which commonly show 

strain hardening [ref.1]. It is a challenge to synthesize a model system which mimicks their non-

linear property in order to understand the relation between macroscopic elasticity and network 

architecture of gels made of rigid chains. I focus on a novel cyanobacterial polysaccharide 

“sacran”. This negatively charged giant polysaccharide (> 16 million g.mol-1) extracted from 

extracellular matrix of a Japanese alga is described as a semi-rigid polymer [ref.2]. Physical 

hydrogels can be formed with specific cations [ref.3]. We characterized sacran physical gels 

with alkaline earth metal divalent cations (CaCl2, SrCl2 and BaCl2) by using linear and non-

linear conventional rheology complemented by micro-rheology. 

 

In linear domain, the persistence length obtained from micro-rheology is compared with the 

mesh size got from conventional rheology. These two characteristic lengths are comparable for 

crosslinking ratios above the stoichiometry. This result characterized sacran networks as rigid. 

In non-linear domain, in order to investigate the strain hardening origin, a strain sweep test from 

1 to 100 % is split into steps with a strain gap of 5 % (Fig.1). Low strain hardening behaviors 

are observed above 10 % of strain and curves obtained fitted with the “one way” test. Ions 

species dependence on network elasticity was investigated as well. Results obtained reinforce 

the hypothesis that depending of the crosslinking strength and the strain amplitude applied to a 

biopolymer gel, larger structures of bundles are developed which are capable to produce strain 

hardening (Fig.2). 

 

1.         2. a.          b. 

            
 

Fig.1 Elastic (G’) and storage modulus (G”) of sacran gels (0.5 wt %) crosslinked by 0.1 M of 

BaCl2 measured at different strain amplitudes (1 – 100 %, with a step of 5 %).  

Fig.2 Schematic views of sacran physical gels (a) as classical rigid network structure, and (b) 

with bundling formation which able to produce strain hardening. 
 

 

 

1. C. Goldenberg & I. Goldhirsch, Nature, 435, 188–191 (2005). 

2. M. K. Okajima & al., Macromolecules, 42, 3057–3062 (2009). 

3. M. K. Okajima, S. Miyazato & T. Kaneko, Langmuir, 25, 8526–8531 (2009). 
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Increasing energy storage demands, driven by the needs to store renewable energy sources and 

the deployment of electric vehicles motivate the search for lower cost, higher capacity, and 

sustainable rechargeable batteries. Metal-oxygen batteries such as the Na-O2 system are of great 

interest due to their large theoretical capacity, which relies on the redox reaction of gas species 

rather than solid-state intercalation reactions, occurring in Li-ion and Na-ion batteries. However, 

a number of key challenges remain, including: maximizing capacities, achieving high round trip 

efficiencies and suppressing parasitic reactions. This talk will cover the fundamentals of the Na-

O2 battery system as well as the latest mechanistic understandings in the NaO2 product 

formation, critical to achieve maximum capacities. 
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An electronic nose (E-nose) is an instrument composed of an array of chemical sensors with 

different selectivities and a multivariate data processing system capable of recognizing odours1. 

In this document, we focus on a category of chemical sensors called surfaces acoustic waves 

(SAW) sensors. These sensors are based on the propagation of mechanical waves (100MHz – 

1000MHz) produced by piezoelectric materials along a layer composed of a substrate covered 

by chemically interactive materials. Volatile compounds are absorbed onto the surface of the 

sensitive material, changing its properties and yielding to a measurable frequency shift of the 

mechanical waves. It was established that the frequency shift is the superposition of two main 

contributions2,3: a viscoelastic contribution due to changes in the coating’s Young modulus and 

a massic contribution due to changes of the coating film’s mass. These contributions can be 

modelled by first order linear differential equations2,3. The gains and the time constants of these 

equations are relevant features to identify the volatile compounds and to estimate their 

concentration. Hence, we proposed an approach to estimate these parameters in a blind way i.e. 

without any knowledge of the volatile compound and of its temporal concentration profile. The 

proposed method consists in numerically minimizing an artificially built function using 

metaheuristic algorithms4. Then, classification models5,6 are built using the estimates of the 

parameters to identify the chemical compounds and regression models7 are built to estimate 

their concentration. We also showed that the temporal concentration profile of the volatile 

compounds can be estimated in real-time. The performances of the metaheuristic algorithms, of 

the classification models and of the regression models were assessed using an E-nose based on 

an array of six functionalized nano-diamond coated SAW sensors. The sensors were exposed to 

seven different gases (NH3, SO2, H2S, CH3OH, C7H8, HCN and DMMP) at different 

concentration levels. The mean of the relative classification performance obtained during a 5-

fold cross validation process was over 95% whereas the average relative error of the 

concentration estimate was lower than 10%.  

 

Acknowledgement: this research was supported by the French trans-governmental CBRN-E 

R&D program. 
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 My research focuses on the electronic properties of relativistic-like electrons known as 

Dirac fermions accommodated in two important Dirac systems: graphene (Nobel Prize 2010) 

and topological matter (Nobel Prize 2016). Such materials have become of great interest in solid 

state physics owing to their analogies with high-energy physics and their promising 

technological applications. Magneto-spectroscopy in the infrared range is a very efficient 

technique to probe these materials. When a magnetic field is applied perpendicular to the 

sample surface, the electron states are quantized into Landau levels. Optical transitions between 

Landau levels can be observed in the transmission spectra. This allows us to extract the band 

parameters for instance the Dirac velocity, the Dirac mass or the energy gap of a Dirac material. 

    

Graphene is the first truly two-dimensional crystal ever found in nature. High-mobility 

multilayer epitaxial graphene (MEG) prepared by thermal decomposition from the C-terminated 

surface of SiC substrates gives access to the fundamental properties of graphene [1]. A 

rotational stacking of the graphene sheets explains the decoupling between adjacent layers 

which behave as electronically disconnected monolayers in MEG. The interband and intraband 

magneto-optical transitions were clearly observed and interpreted using a massless Dirac 

fermion model [2]. Additional transitions involving point defects in the graphene lattice were 

also observed and interpreted using a short-range impurity model [2]. Moreover, the signature 

of bilayer graphene was evidenced in MEG, showing the existence of stacking faults. We also 

studied the electronic properties of trilayer graphene grown on Si-terminated surface of SiC [3].      
   

The second Dirac system is topological crystalline insulators (TCIs). A TCI material possesses 

semiconducting bulk states accompanied by metallic gapless surface states as in the case of the 

well-known existing Z2 topological insulators (TIs) [4]. Contrary to TIs protected by time-

reversal symmetry, a TCI is protected by mirror symmetry of the crystal. As crystal symmetries 

can be broken by material surfaces, topological surface states (TSS) can only exist on (001), 

(110) or (111) surfaces. Such surface states can be observed in narrow gap rocksalt IV-VI 

semiconductors such as Pb1-xSnxSe and Pb1-xSnxTe alloys when the Sn content x is above a 

critical value xc, where the band inversion occurs. High-mobility (111)-oriented Pb1-xSnxSe 

(0≤x≤0.30) and Pb1-xSnxTe (0≤x≤0.56) films grown by molecular beam epitaxy (MBE) were 

examined by magneto-optics, allowing an accurate mapping of the bulk and surface Landau 

levels [5]. The observation of the cyclotron resonance of the TSS confirms that a compound 

goes from trivial to nontrivial (inverted) regime when x>xc [6]. A systematic study of the 

topological phase transition, from trivial to nontrivial regime, was carried out by varying the Sn 

composition. We demonstrate that the energy gap changes sign, from positive to negative, at 

x=xc. Our experimental results [7] show that the Dirac velocity can be used as a measure of the 

topological character (trivial or nontrivial) of a Dirac material.  
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My current research work is focused on the design and characterisation of cobalt based oxides 

nanospinels anchored onto the surface of reduced graphene oxides (RGO) nanosheet (see TEM 

picture), which will serve as bifunctional catalysts for the new generation lithium-air batteries. 

Whereas nanospinels are relatively simple to synthesize by conventional colloidal routes1 as 

nanoparticles dispersed into an aqueous solution, the synthesis we developed relies on a 

hydrothermal microwave treatment in the 100°C-200°C range. The main challenges of this 

nano-heterostructures synthesis was to create the interface between the nanoparticles and the 

RGO directly during the nanoparticles nucleation. RGO are very efficient microwave absorbers 

and could then convert microwave irradiation into heat in order to trigger precipitation of the 

spinel at the surface of the RGO sheet. 

Starting from Co3O4 as proof-of-concept material², we successfully adapted our synthesis 

protocol to address binary oxides by substituting cobalt with first row transition metals such as 

nickel, manganese or iron. The precipitation of binary and ternary oxides was achievable thanks 

to a good understanding of the Pourbaix diagrams of all cations to adjust the acido-basic and 

redox conditions. 

Finally, we had the opportunity to measure the electrocatalytic activity of these supported spinel 

oxides for both the oxygen reduction and oxygen evolution reactions (ORR and OER, see 

voltammograms). The gap between the ORR and the OER potentials was significantly lowered 

by the presence of Co3O4 nanoparticles on the RGO, thus assuring the reversibility of this 

catalytic system3, which is to be integrated in future scale-up test performed at EDF research 

facility “Les Renardières”.  

 

  

  
        TEM image of cobalt oxide (Co3O4) nanoparticles   Linear polarization curves of RGO  

     onto a graphene nanosheet    (red) and Co3O4/RGO (blue) 

 
[1] Z. Wu, W. Ren, L. Wen, L. Gao, J. Zhao, Z. Chen, G. Zhou, F. Li, and H. Cheng, “Graphene Anchored 

with Co 3 O 4 Nanoparticles as Anode of Lithium Ion Capacity and Cyclic Performance,” vol. 4, no. 6, pp. 3187–

3194, 2010. 

[2] Paper in prep. 

[3] Patent in prep. 
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We study highly concentrated and non-colloidal suspensions consisting in micrometric 

PVC particles dispersed in a continuous liquid phase. These suspensions are called plastisol and 

mostly used in vinyl flooring manufacturing where they are coated on a substrate at high speed
1
. 

A key feature of these concentrated suspensions is shear thickening: viscosity increases 

dramatically as a function of the applied shear rate. 

Frictional forces between particles are thought to explain shear thickening. This picture 

has been validated through numerical simulations but only indirectly by experiments
2,3

. Using a 

quartz-tuning fork based Atomic Force Microscope, we are able to measure the pairwise 

frictional profile between approaching pairs of PVC. For the first time, we link the macroscopic 

stress at which shear thickening appears and the microscopic stress needed for two PVC 

particles to enter in a frictional regime, meaning that shear-thickening in these non colloidal 

suspensions is due to interparticle friction
4
. 

We then better characterize the suspension viscosity over a wide range of shear rate (6 

decades). We observe that shear thickening depends on particle size distribution and is lowered 

with a more polydisperse powder. Large normal stresses differences are also observed along 

shear thickening. At very high stress (above shear thickening), a shear thinning regime is found. 

Using X-ray imaging
5
, we also find that our suspensions stay homogenous within the whole 

range of shear rate (no particle migration). 

 We observe also that the geometry plays a huge role in the features of the flow of 

concentrated suspensions. Confinement promotes fluidization of the sample and shear 

thickening is pushed to higher shear rate as the gap size decreases
6
. A non-local approach 

accounts very well for our experimental results. 

Using these news insights in the flow behavior of concentrated suspensions, we now 

investigate some instabilities when flowing through complex geometries. 
 

 
Fig: Flow curves of PVC concentrated suspensions for different particle volume fractions. High particle loadings 

result in shear thickening.  
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6. G. Chatté, S. Manneville, B. Saint-Michel, N. Boquillon, R. Peres, N. Pantoustier, G. Ducouret, F. Lequeux, and 

A. Colin, to be published 
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High-power lasers are nowadays more and more used in a broad range of application fields 

(industry, medical surgery, military projects, fundamental researches..) and the need for lasers 

increasingly powerful is a crucial issue.  

However, glasses and single crystals, which are the traditional solid-state laser host materials, 

are reaching their structural limits, particularly in terms of thermal and mechanical properties: 

the heat generated in lasing conditions causes irreversible damages to the material when the 

output power is too high. Solving that issue thus requires a technological answer. 

This is the reason why transparent ceramics were developed in the 90s. Consisting of a compact 

assembly of nanometric or micrometric crystalline grains bound together by sintering, these 

polycrystalline materials show better thermo-mechanical properties than single crystals while 

keeping similar optical and lasing properties. 

 

Since the first Nd:YAG transparent ceramic for laser applications demonstrated its many 

advantages over single crystals
1
, rare-earth doped polycrystalline ceramics as a solid-state laser 

host material have experienced an increasing interest.  

In the past few years, our team has been focusing on a new class of transparent ceramics for 

near-IR solid-state lasers, Yb:CaF2. This compound is very promising due to the combined 

properties of its fluoride matrix and the ytterbium ions. A new wet-route fabrication process for 

such ceramics was recently developed
2
 and lead to ceramics the optical properties of which 

turned out to be similar to single crystal, enabling lasing effets. 

 

The present work is dedicated to the characterization of transparent ceramics obtained in this 

way. Many characterizations were conducted along the fabrication process, leading to a better 

understanding of the ceramics structure. Measurements regarding the thermal properties were 

also conducted and demonstrated that the thermal conductivity of our ceramics is very close to 

single crystals’. The links between ceramic structure and thermal properties was also 

investigated with the help of theoretical simulations. 

 

      
Fig. 1: a) Picture of a 1.5% doped Yb:CaF2 transparent ceramic and b) Bright field TEM picture 

showing the microstructure of the same ceramic 

 

 

1. A. Ikesue, T. Kinoshita, K. Kamata, and K. Yoshida, J. Am. Ceram. Soc., 78 (4), (1995), 1033 

2. M. Mortier, P. Gredin, P. Aballea, and A. Suganuma, European patent application No. 14.305.495.5, (2014). 
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The drainage of a liquid film between two bodies coming 

into contact, at least one of them being deformable, is a 

long standing problem; it has been widely addressed in 

the past decades
1
.  

From a fundamental point of view, it is well known that 

when a drop or a bubble moves toward a solid surface in 

a surrounding liquid, it loses its spherical shape: the 

sandwiched liquid film becomes thicker at its center, 

forming a so-called dimple
2
 as a result of the spatial 

variations of the hydrodynamic pressure. 

 However, in the experimental data it remains difficult to 

separate the effects of the different interactions at stake with purely geometrical 

parameters, owing to both their strong coupling and lack of analytical descriptions. 

 

The spontaneous drainage of aqueous solutions of salt squeezed between an oil drop and 

a glass surface is studied experimentally. The thickness profile of the film is measured 

in space and time by reflection interference microscopy.  

As the film thins down, three regimes are identified: a capillary dominated regime, a 

mixed capillary and disjoining pressure regime, and a disjoining pressure dominated 

regime. These regimes are modeled within the lubrication approximation, and the role 

of the disjoining pressure is precisely investigated in the limit of thicknesses smaller 

than the range of electrostatic interactions.  

We derive simple analytical laws describing the drainage dynamics, thus providing 

tools to uncouple the effect of the film geometry from the effects of the disjoining or 

capillary pressures. 

 

 

 
 
 

 

 

1. D. Y. C. Chan, E. Klaseboer and R. Manica, Soft Matter, 7 (2011), 2235–2264. 

2. D. G. Goodall, M. L. Gee and G. W. Stevens, Langmuir, 18 (2002), 4729–4735. 
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Quantum computing relies on the creation, manipulation and final read-out of the state of a
quantum bit, such as the spin-state of a single electron [1]. We discuss here the progress towards
creating a lateral p-n junction that would allow conversion of the spin state of a "flying single
electron", trapped in the minimum of a surface acoustic wave [2,3] into the polarisation state of
a single photon. This would provide a rapid (GHz) optical read-out for single electron quantum
computing [4,5], and serve as a potential interface between electron and photon based quantum
computation schemes.

The basic device structure, grown by molecular beam epitaxy, consists of an n-type modulation-
doped GaAs/AlGaAs quantum well (QW) containing a two-dimensional electron gas (2DEG),
in  which  self-assembled  GaAs  quantum  dots  (QDs)  are  embedded.  Using  standard
photolithographic patterning, and thermal treatment under Zn vapour, part of the structure is
doped  p-type,  creating  a  two-dimensional  hole  gas  (2DHG)  and  a  lateral  p-n  junction.

The  effect  of  the  strain-free  GaAs/AlGaAs  QDs,  fabricated  by  local  droplet  etching  of
nanoholes followed by infilling [6,7,8] on the 2DEG mobility have been investigated. Unlike
strained InAs/GaAs QDs, these GaAs/AlGaAs QDs can be grown under the same conditions as
those needed for high 2DEG mobility. This, together with the fact that no strain is introduced in
the system, means that the dots can be placed near or in the 2DEG with only a small detrimental
effect  on  the  2DEG  mobility  and  little  effect  on  the  carrier  density.

Finally,  photoluminescence  and  electroluminescence  characterisation  of  the  quantum  dots
embedded in the lateral  p-n junction will  be presented and the remaining challenges in the
device development to allow single photon emission to be observed will be discussed..

.1. J. R. Petta et al, Science  309 (2005) 2180 

2. S. Hermelin et al,  Nature 477 (2011) 435 

3. R. P. G. McNeil et al, Nature 477 439 (2011)

4. C. H. W. Barnes et al, Phys. Rev. B. 62 (2000) 8410 

5. C. L. Foden et al, Phys. Rev. A. 62 (2000) 011803 

6. Ch. Heyn, et al.,  Appl. Phys. Lett. 94 (2009) 18113  

7. P. Atkinson et al, J. Appl. Phys. 112 (2012) 054303

8. D. Fuster et al, Nanoscale Res. Lett. 9 (2014) 304 
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Molecular systems with nanometer-sized dimensions, so-called “nanomolecules”, are involved 

in a wide variety of processes and biological functions. Thus, it is of major interest to 

understand the basis of formation of such macromolecules. However, despite this challenge, 

there is so far no reliable synthetic system forming well-defined monodispersed and tunable 

fibrilar objects in aqueous solution. The aim of this work is to use modified β-cyclodextrins (β-

CDs) as molecular tool box to allow the formation of such tunable systems at the molecular 

scale. 

β-CDs are biocompatible water-soluble cyclic oligosaccharides that have the ability to form 

host-guest complexes of large range of affinity with hydrophobic guests. The selective and 

scalable access to multi-functional CDs1 allows the formation of di-functionalized CDs with 

chosen guest and additional function. Such designed molecules could self-assemble to form 

supramolecular rods that could then reach higher levels of hierarchy via interactions mediated 

by the secondary functionalization. 

To help in the design of efficient functionalized CDs, host-guest properties of CDs with model 

guests have been studied by isothermal titration calorimetry (ITC). Then, the physico-chemical 

properties of the corresponding functionalized CDs were assessed by Dynamic Light Scattering 

(DLS), viscosimetry, ITC, and small angle neutron scattering (SANS). 

Results show that the use of bridged CDs enabled us to suppress the self-inclusion phenomenon2 

and to allow the polymerization of our compounds. All these analyses also show that the 

average degree of polymerization (DP) of our polymers increases with increasing the length and 

the rigidity of the bridge. A central position of the guest in the cavity as well as the distance 

between charges are also important parameters to achieve high DP. 

To conclude, this study led us to develop tunable supramolecular polymers based on 

functionalized β-CD with a higher DP than those that currently exist. These supramolecular 

polymers will be used as a platform to study higher level of architecture via secondary 

interactions. This will therefore give insights into the hierarchical assembling processes. 

                                                 
1 See for example : M. Sollogoub, Eur. J. Org. Chem., 2009, 1295-1303 ; S. Guieu, M. Sollogoub, J. Org. Chem. 

2008, 73, 2819-2828. For reviews and recent selected examples see : A. R. Khan, P. Forgo, K. J. Stine, V. T. 

D’Souza, Chem. Rev. 1998, 98, 1977; E. Engeldinger,  D. Armspac, D. Matt, Chem. Rev., 2003, 103, 4147; S. Tian, 

H. Zhu, P. Forgo, V. T. D’Souza, J. Org. Chem. 2000, 65, 2624; D.-Q. Yuan, C. Yang, T. Fukuda, K.  Fujita, 

Tetrahedron Lett. 2003, 44, 565; R. Heck, L. Jicsinszky, A. Marsura, Tetrahedron Lett. 2003, 44, 5411; D. Armspach, 

L. Poorters, D. Matt, B. Benmerad, F. Balegroune, L. Toupet, Org. Biomol. Chem. 2005, 3, 2588. 
2 N. Tran Diem, D. Colesnic, S. Adam de Beaumais, G. Pembouong, F. Portier, Y. Zhang, M. Ménand, L.Bouteiller, 

M. Sollogoub, Org. Chem. Front., 2014,1, 703-706. 
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Many applications of persistent luminescence materials in traffic signs, emergency 

signage, watches, clocks, textile printing, and security inks have been demonstrated and some 

persistent phosphors undergo commercial development 
1
. Among the possible applications, 

bioimaging has been successfully demonstrated with various matrices 
2
. To be suitable for in 

vivo optical imaging the persistent luminescence material has to show emission in the region of 

partial transparency of living tissues in the red/near infrared range. Thus, at the nanoscale, the 

ZnGa2O4 spinel doped with chromium (III) is an interesting candidate for in vivo optical 

imaging as it shows deep red emission (λem = 696 nm) from its 
2
E excited state to its 

4
A2 ground 

state 
3
. 

 The nanoparticles are synthesized by soft chemistry using microwave heating in 

aqueous media. These very small sized nanophosphors (around 10 nm) present interesting long 

lasting persistent luminescence after annealing at 1000°C. They can be excited both under UV 

and under visible LED excitation. After heating, the nanoparticles keep their small size as they 

are coated with a silica layer which limits the sintering. 

In this work we try to understand the relationship between the local order in the 

structure and the persistent luminescent properties of the nanomaterial. Thermoluminescence is 

performed to investigate trapping and detrapping processes as well as trap distribution. The 

chromium local environment is studied by Electron Paramagnetic Resonance (EPR) 
4
. 

71
Ga 

Nuclear Magnetic Resonance (NMR) is used to get information on the gallium ions repartition 

in the structure 
5
. 

Comparison of these properties versus local structure increases the understanding of the 

persistent luminescence mechanism and gives insights to the new modalities for their used as 

nanoprobes for in vivo imaging. 
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My research concern theoretical simulations of  Raman spectra in graphene related materials. 

such as few layer graphene and bulk graphite. Raman spectroscopy is well known to be a  

powerful tool to study such kind of materials because of its sensitivity to electrons, phonons and 

defects properties. In the case of graphene,  it have been widely used to study doping, strain 

(stress) , detection of hetero-atoms and layers number counting .  

Two different stacking mode are known  to be the most stable arrangement of  graphene sheets 

in FLG, namely, the Bernal and rhombohedral stacking. In our work we aim to widen the use of 

Raman spectroscopy  to study of  stacking in few layers graphene  (FLG) and bulk graphite by 

providing the theoretical prediction for each type of stacking to be compared after with the 

experimental spectra in order to identify the arrangement of the graphene sheets. Our method is 

based on first principle simulations within the framework of density-functional theory and 

Wannier functions. 
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Herein we report the development of anti-fogging coatings applied on windshields for 
automotive industry.  Sol-gel based coatings were optimized to fulfill the strict requirements of 
a car environment. We showed that the pollution rate is a critical point to ensure a sustainable 
antifogging coating. 
 
The “fog effect” can be explained in terms of light scattering due to the formation of water 
microdroplets onto colder substrates 1. In most of the papers related to fogging, the macroscopic 
optical effect is simply associated to the static contact angle of water on the surface. In our work, 
we rely the macroscopic opacification to a microscopic observation of the nucleation, growth 
and eventually coalescence of microdroplets onto functional thin films. Computational models 
based on the Mie theory were then applied to support the experimental results. Interestingly, 
superhydrophilic TiO2 coatings are not efficient when applied in polluted environments 2. XPS 
measurements were performed to explain the role of pollutants accumulation onto the sol-gel 
layers.  
 
The effect of surface energy was further investigated by using other sol-gel coatings exhibiting 
controlled hydrophilicity/hydrophobicity ratio. The final material is able to combine the 
enhanced anti-fogging properties with other requirements such as colorimetry and mechanical 
stability. 
 

 

1. D. Beysens, Dew nucleation and growth, C. R. Physique, 7 (2006).                 
2. Faustini, M. et al., Chemistry of Materials 22, 4406–4413 (2010). 
 


