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PHYSICAL-CHEMISTRY 

Joining of the Ti2AlC ceramics 
Chengjie LU1 *, Gilles HUG2 

1 Physique et Chimie des Materiaux, UPMC. 
4 Place Jussieu, 75005 Paris 

2 Laboratoire d’Etude des Microstructures, ONERA-CNRS. 
29, avenue de la Division Leclerc, 92320 Chatillon 
* Corresponding author: chengjie.lu@onera.fr  

 
Keywords: Ti2AlC; brazing; nickel; DFT 
 

The MAX phases, which refer to a group of nanolaminate ternary carbide or nitride ceramics, 
have attracted increasing interest from researchers in recent years. After their discovery in the 
1960s, they were systematically studied and introduced by Barsoum et al. [1] in 2000. These 
compounds possess excellent combination of metal and ceramic properties, including the low 
density, high elastic modulus, superior thermal and electrical conductivity, low coefficient of 
thermal expansion and excellent machinability [2]. Among them, Ti2AlC, a typical member of 
MAX phases with 211 structure [3], has been widely investigated since the compound has the 
lowest density and the best oxidation resistance [4, 5], which is considered to be applicable in 
many structural and functional applications, especially in the high temperature fields.  

Although numbers of studies have been carried out on the synthesis of Ti2AlC, still it is 
difficult to fabricate bulk Ti2AlC with big dimensions and complex shapes in practice due to the 
narrow phase range in the Ti-Al-C ternary phase diagram [6], which severely hampers its 
widespread application. Joining technology is a convenient and effective approach to overcome 
this problem [7], being essential to the widespread application of the Ti2AlC ceramics in many 
fields. Moreover, the joining of MAX phases to metals has attracted much attention in recent 
years since the technology extends both the applications of ceramics and metals.  

The major purpose of this work is to achieve proper brazing parameters for the joining of 
Ti2AlC ceramics and Ni metal substrate, thereby broaden the application of both substrate 
materials in high temperature field. Firstly, the brazing experiments are carried out in a high 
vacuum heating furnace using nickel based filler alloy, the mechanical properties of the Ti2AlC/Ni 
joints are evaluated, thereby the optimal brazing parameters are achieved. Afterwards, the phases 
in the joints are determined, and the microstructure evolution during the brazing process is 
revealed. Finally, DFT calculation is performed to illustrate the interaction mechanisms between 
Ti2AlC structure and brazing filler elements. Using the combination of experiments and 
simulations, we are trying to reveal the brazing mechanisms of the Ti2AlC/Ni joints from the 
nature of physics, also for better understanding the intrinsic structural features of MAX phases.  
 
 
 

1. Barsoum M W, Progress in Solid State Chemistry. 28(1-4) (2000) 201-281.  
2. Barsoum M W, Encyclopedia of Materials: Science and Technology. 1(1.5) (2006) 1-6.  
3. Sun Z M, International Materials Reviews. 56(3) (2011) 143-166.  
4. Basu S, Obando N, Gowdy, A, Journal of the Electrochemical Society. 159(2) (2012) C90-C96. 
5. Smialek J L, Corrosion Science, 91(1) (2015) 281-286. 
6. Witusiewicz V T, Hallstedt B, Bondar A A, Journal of Alloys and Compounds. 623(1) (2015) 480-496. 
7. Loehman R E, Tomsia A P, American Ceramic Society Bulletin. 67(2) (1988) 375-380. 
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A full description of the conformational landscape of 
cyclized peptides using a robotics approach 

Maud JUSOT1,2 *, Juan CORTES2, Jacques CHOMILIER1 and Dirk STRATMANN1 
1 Institut de Minéralogie, de Physique des Matériaux et de Cosmochimie, Université Pierre et 

Marie Curie, 4 Place Jussieu, 75252 Paris Cedex 05 
2 Laboratoire d’Analyse et d’Architecture des Systèmes (LAAS-CNRS), Université Paul 

Sabatier, 7 avenue du Colonel Roche BP 54200 31031 Toulouse cedex 4 
* Corresponding author: maud.jusot@upmc.fr  

 
Keywords: cyclic peptides, energy landscape, robotics, molecular dynamics. 
 
The use of peptides for pharmaceutical purposes is constantly increasing, in particular thanks to 
improved methods to enhance bioavailability by introducing various kinds of chemical 
modifications. An interesting application of peptides is the inhibition of protein-protein 
interactions, aiming to modulate the activity of the complex. Peptides extracted from one chain 
at the interface of a protein-protein complex can bind to their partner and hence compete with 
the dimerization process. For this, the extracted fragments (in solution) must be able to mimic 
their embedded conformation in the initial complex. Their cyclization and chemical 
modifications are promising pathways to stabilize these highly flexible molecules in the desired 
conformation. For those reasons, the study of conformational and chemical properties of 
peptides, alone and with their targets, is crucial for drug design.  
 
The first step of the present study is the exploration of the peptide’s energy landscape in order to 
find the local minima (most stable conformations) and the transition paths between them. We 
are currently developing a faster exploration approach than classical simulation methods. To do 
so, we use a mechanistic representation of the cyclic peptide which allows us to use algorithms 
originating from robotics for conformational sampling [1]. Our method can also treat D-form 
and N-methylated amino acids. In order to validate our approach, we sam- pled the 
conformational landscape of a set of 19 cyclic RGD designed pentapeptides [2][3]. An 
exhaustive description of these peptides has been made by complete enumeration of the 
backbone dihedral angles, phi and psi. The results have been compared to those obtained with 
Replica Exchange Molecular Dynamics simulations, showing the good performance of the 
robotics approach.  
 
 

 

1. Cortés, J. et Al-Bluwi, I., International Design Engineering Technical Conferences and Computers and 
Information in Engineering Conference. (2012): 1177-1186.  
2. Wakefield, A. E., W. M. Wuest, and V. A. Voelz., Journal of chemical information and modeling 55.4 (2015): 
806-813.  
3. Mas-Moruno, C., Beck, J. G., Doedens, L., Frank, A. O., Marinelli, L., Cosconati, S., ... & Kessler, H., 
Angewandte Chemie International Edition, 50(40), (2011): 9496-9500.  
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CHEMISTRY 

Growth and spectroscopic characterization of novel 
laser crystals 

Hengjun CHEN1 *, Pascal LOISEAU 1, Gérard AKA 1 and Christian KRAENKEL 2,3 
1 Chimie ParisTech, PSL Research University, 11, rue Pierre et Marie Curie 75005 Paris 
France  
2 Center for Laser Materials, Leibniz Institute for Crystal Growth, Max-Born-Straße 2, 12489 
Berlin, Germany 
3 Institut für Laser-Physik, Universität Hamburg, Luruper Chaussee 149, 22761 Hamburg, 
Germany 

* Corresponding author: hengjun.chen@chimie-paristech.fr  
 
Keywords: Single crystal growth; Optical spectroscopy; Visible laser 
 
Lanthanide ions have been widely employed for laser applications taking advantage of 
their fluorescence transitions. Over the past few decades, high-quality laser outputs in 
the visible were mainly realized by frequency conversion from the infrared emission of 
Nd3+ and Yb3+. This method, however, bears intrinsic disadvantages such as the 
requirement of non-linear crystal and energy loss during the frequency conversion. The 
advent of commercially available semiconductor laser pump sources at shorter 
wavelengths makes it possible and efficient to pump the active ions to higher energy 
levels and thus visible lasers can be realized by direct emission1. Trivalent lanthanide 
ions such as Tb3+ and Dy3+ that display characteristic fluorescence in the visible spectral 
range are considered as suitable candidates. We aim to grow and characterize single 
crystalline materials doped with Tb3+ and Dy3+ ions and use them as gain media to 
realize visible laser oscillation. Crystals of Ba3Tb(PO4)3, Sr3Tb(BO3)3, Li6Tb(BO3)3, 
Ca4TbO(BO3)3, Dy:CaYAlO4, Dy:Ca4YO(BO3)3 were grown by the Czochralski 
technique. The growth conditions were optimized to obtain high-quality crystals (Fig. 1). 
The spectroscopic properties of the as-grown crystals were characterized by absorption 
and emission spectra, fluorescence decay measurements, and electron paramagnetic 
resonance. Radiative lifetime and branching ratios were calculated in the framework of 
Judd-Ofelt theory. The results indicate that the Tb3+ and Dy3+-doped crystals are 
promising gain media to achieve green and yellow laser outputs. Laser operations of 
these materials are in progress using blue laser diodes as pump sources. 
 
 
 
 
 
 
 
  
 

 
 
 

Fig.1 Single crystals grown by the Czochralski technique 
 

 

1. C. Kränkel, D.-T. Marzahl, F. Moglia, G. Huber, P.W. Metz, Laser Photonics Rev. 10 (2016) 548–568. 
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PHYSICS  

Phase diagram of ammonia monohydrate at high 
pressure and temperature  

Haiwa Zhang 1*, Sandra Ninet 2, and Frédéric Datchi 1    
Institut de Minéralogie, de Physique des Matériaux et de Cosmochimie-UMR 7590, Université 

Pierre et Marie Curie 4 place Jussieu 75252 Paris Cedex 05 
 

* Corresponding author: Haiwa.Zhang@impmc.upmc.fr *   
 
Keywords:  phase diagram, pressure, temperature 
 
Abstract: 
 Water and ammonia are considered major components of the interiors of the giant icy planets 
and their satellites. The phases formed by their mixtures under temperature and pressure 
conditions of these giant planets are significant for understanding observable properties like 
magnetic field, gravitational moments and atmospheric composition. The present study focuses 
on the 1:1 compound, ammonia monohydrate (AMH). Our previous work [1] has shown that 
AMH transforms at room temperature and above 8 GPa to a mixture of a partially ionized bcc 
phase, previously reported as the DMA phase [2], and a fully ionic P4/nmm phase [3]. Here we 
investigate the phase diagram of ammonia monohydrate at high P-T by using Raman 
spectroscopy, synchrotron radiation and infrared (IR) absorbance spectroscopy up to 40 GPa at 
temperatures from 296 K to 700 K. A phase transition to a simple bcc structure is observed 
upon heating, and the phase line is drawn from our data set. Another phase is recovered upon 
cooling, with complex structure. We also report melting line measurements up to 10 GPa, 690 K.   
 
 
 

 

1.  C. Liu et al, Nat. Commun 8, 1065 (2017). 
2.  J. S. Loveday and R. J. Nelmes, Phys. Rev. Lett. 83, 4329 (1999).  
3.  G. I. G. Griffiths et al, J. Chem. Phys. 137, 64506 (2012). 
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PHYSICAL-CHEMISTRY  

Role of asphaltenes on the foaming of oil mixtures 
Mélanie ARANGALAGE * 1, Nicolas PASSADE-BOUPAT2, Laurence TALINI 1 and François 

LEQUEUX 1 
1 Laboratoire Sciences et Ingénierie de la Matière Molle (SIMM), ESPCI Paris, 10 rue 

Vauquelin 75005 Paris, France.  
2 Total, Pôle d’Etudes et de Recherche de Lacq (Total PERL), 64170 Lacq, France.  

* Corresponding author: melanie.arangalage@espci.fr 
 
Keywords: Foamability, Interface, Marangoni effect, Asphaltenes  
 

After extraction of crude oil, undesirable foaming can occur during the liquid/gas 
separation process leading to unwanted production shutdowns. Since the formation of these oily 
foams lowers the rate of production a better knowledge of the properties of oil/gas interfaces is 
needed. Here, we focused on the role played by asphaltenes (Figure 1), the most polar 
components of crude oil, on the foamability and the stability of oily foams. To this end, several 
experiments were conducted.  

These experiments include classical foaming tests by gas injection through a fritted 
glass filter2 and single bubble lifetime measurements. It was demonstrated that concentration of 
asphaltenes and their state of solubility contribute significantly to foamability of oil mixtures.  
Effects of bulk viscosity, presence of anti-foaming components, evaporation phenomena and 
crust formation were also investigated.  

Moreover, since the main mechanism controlling the bursting of bubbles is the 
Marangoni effect3, a set up has been designed (Figure 2) in order to evaluate quantitatively the 
phenomena occurring at the liquid/gas interface. This experiment allows us to reproduce 
Marangoni flows visible in bubble cap films by applying stresses induced by extremely low 
concentrations of volatile solutes (Figure 3). Theoretical laws were developed and showed good 
agreement with the experimental data. In contrast with usual surface active components, the 
presence of asphaltenes does not modify the Marangoni flows, showing that they do not adsorb 
at the interface over short time scales. The entrapment of asphaltenes nano-aggregates within 
the films is currently investigated as a possible explanation of the increased stability of foams in 
presence of asphaltenes. 

 

                                                                                                                           
 

             
                                                                                                                                  

 

1. Schuler B, Meyer G, Pena D, Mullins OC, Gross L, J Am Chem Soc 137 (2015), 9870-6                   
2. Bauget F, Langevin D, Lenormand R, J. Colloid Interface Sci 239 (2001), 501-508  
3. Lhuissier H, Villermaux E, J. Fluid Mech 696 (2012), 5-44 

Figure 2. Schematic illustration of the 
experimental setup used to induce 
Marangoni-flows at a liquid/gas interface. 
 

Figure 3. 
Velocity field of 

a Marangoni 
flow induced by 
the mentioned 

set up. 
 

Figure 1. 
Example of 
molecular 

structure of an 
asphaltene 
molecule1. 
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CHEMISTRY 

Plasmonic Biosensor based on Gold Nanoparticles 
Lu ZHANG1,2,3 *, Peng CHEN2, Bo LIEDBERG2, Michèle SALMAIN3, Souhir BOUJDAY 1 

1 Laboratoire de Réactivité de Surface, UPMC, Paris, France 
2 CBSS, Nanyang Technological University, Singapore 

3 IPCM, UPMC, Paris, France 
* Corresponding author: lu.zhang@upmc.fr  

Keywords: Biosensor, Gold Nanoparticles, Localized Surface Plasmon Resonance 
 
A biosensor is a device consisting of two parts, a biological receptor element and a physical 
transducer. The receptor binds specific molecules and the transducer translates the biochemical 
interaction into a measurable signal. [1] The unique optical properties of noble nanoparticles, 
especially silver or gold nanoparticles (AuNPs), due to their localized surface plasmon resonance 
(LSPR) [2] and the possibility of surface functionalization with a wide variety of different 
biomolecules (antibody, peptide etc) [3] make them very attractive as optical biosensing platform. 
 
The LSPR spectral position of nanoparticles is highly dependent on their composition, size or 
shape as well as the refractive index of the dielectric medium around them. [4,5] Size and shape 
dependence provides us with a wide spectral tunability along the whole visible spectrum, which 
is extremely useful to optimize the biosensing response of the nanoparticles. Depending on the 
origin of LSPR changes, there are two types of sensors: refractive index sensors and aggregation 
sensors. The first group is based on the red-shift of the LSPR which is induced by a refractive 
index increase around nanoparticles. The second group is based on the drastic color change which 
is induced in nanoparticle aggregates.  
 
A colorimetric biosensor based on AuNPs conjugated with antibody for the detection of 
staphylococcal enterotoxin A (SEA) in milk has been well established. [6] With a weak SEA 
concentration, the red-shift of the LSPR could be detected with simple optical equipment. As long 
as the SEA concentration increased more, the aggregation of AuNPs led to the color change of 
the solution which could even be seen by naked eyes.  This biosensor has a high sensitivity, with 
a limit of detection 5ng/mL, which is lower than that obtained by quartz crystal microbalance.  

 
Fig. Sensitive LSPR Biosensing of SEA in milk using stable AuNP-Ab bioconjugates (adapted from [6])   

 

1. Taylor, R.F., J.S. Schultz (Eds.), Handbook of Chemical and Biological Sensors, 1996. 
2. Mayer, K. M.; Hafner, J. H. Chem. Rev. 111, (2011), 3828−3857 
3. Sapsford, K. E.; Algar, W. R.; Berti, L.; Gemmill, K. B.; Casey, B. J.; Oh, E.; Stewart, M. H.; Medintz, I. L. Chem. 
Rev. 113, (2013), 1904− 2074. 
4. Liz-Marzan, L.M. Langmuir. 22 (2006) 32-41. 
5. Kelly, K. L.; Coronado, E.; Zhao, L. L.; Schatz, G. C. J. Phys. Chem. B. 107, (2003), 668–677. 
6. Ben Haddada, M.; Hu, D.; Salmain, M.; Zhang, L.; Peng, C.; Wang, Y.; Liedberg, B.; Boujday, S. Anal. Bioanal. 
Chem. 409 (2017), 6227–6234. 
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PHYSICAL-CHEMISTRY  

Fully quantum dynamics of protonated water clusters: 
combining Quantum Monte Carlo and Path Integral 

Langevin Dynamics 

Félix MOUHAT1 *, Michele CASULA1, Sandro SORELLA2,3, Rodolphe VUILLEUMIER4,5 and 
Antonino Marco SAITTA1 

1 IMPMC, Sorbonne Universités, Université Pierre et Marie Curie Paris 06, CNRS UMR 7590, 
IRD UMR 206, MNHN, 4 place Jussieu, 75252 Paris, France  

2 International School for Advanced Studies (SISSA), Via Bonomea 26, 34136 Trieste, Italy 
3 INFM Democritos National Simulation Center, 34151 Trieste, Italy 

4 PASTEUR, Département de chimie, École normale supérieure, UPMC Univ Paris 06, CNRS, 
PSL Research University, 75005 Paris, France 

5 Sorbonne Universités, UPMC Univ Paris 06, École normale supérieure, CNRS, Processus 
d’activation sélective par transfert d’énergie uni-électronique ou radiatif (PASTEUR), 75005 

Paris, France 
* Corresponding author: felix.mouhat@upmc.fr  

Keywords: Quantum Monte Carlo, Molecular Dynamics, Nuclear Quantum Effects 

We introduce a novel approach for a fully quantum description of coupled electron–ion systems 
from first principles. It combines the variational quantum Monte Carlo (QMC) solution of the 
electronic part with the path integral formalism for the quantum nuclear dynamics. Nuclear 
quantum fluctuations are included via a set of fictitious classical particles (beads), linked by 
harmonic interactions, whose dynamics is driven by accurate ionic forces computed at the QMC 
level [1]. The stochastic noise affecting the QMC forces contributes to thermalize the particles 
in a path integral Langevin dynamics framework. Our general algorithm relies on a Trotter 
breakup between the dynamics driven by ionic forces and the one set by the harmonic interbead 
couplings. The latter is exactly integrated, even in the presence of the Langevin thermostat, 
thanks to the mapping onto an Ornstein–Uhlenbeck process. This framework turns out to be also 
very efficient in the case of noiseless (deterministic) ionic forces. The new implementation is 
first validated on the Zundel ion (H5O2+) by direct comparison with standard path integral 
Langevin dynamics calculations made with a coupled cluster potential energy surface. We then 
applied our method to the protonated water hexamer, where we computed thermal distribution 
functions, provided for the first time by a method which explicitly includes electron correlation, 
together with thermal and quantum nuclear effects [2]. 

 
1 M.Dagrada, M.Casula, A.M.Saitta, S.Sorella, S and F.Mauri. J. Chem. Theory Comput. 2014, 10, 1980−1993. 
2 F.Mouhat, S.Sorella, R.Vuilleumier, A.M. Saitta and M.Casula, J. Chem. Theory Comput. 2017, 13, 2400−2417 
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  PHYSICAL-CHEMISTRY  

Semiconducting Materials Based on Donor/Acceptor 
Units for Optoelectronic Applications 

Teng TENG1 , Lydia SOSA-VARGAS1, David KREHER1, Fabrice MATHEVET* 
1 Sorbonne Universités, UPMC Univ. Paris 06, CNRS, Institut Parisien de Chimie Moléculaire, 
UMR 8232, Chimie des Polymères, 4 place Jussieu, 75005 Paris, France. 

* Corresponding author: fabrice.mathevet@upmc.fr 
 
Keywords: Semiconducting Materials, Liquid Crystals, Opotoelectronic 

      
In this project, we will design and study 3 families of semiconducting materials based on 
donor/acceptor units. 
 
The first set of molecules is two liquid crystalline fluorescent compounds based on a calamitic 
architecture (Figure 1). For this series, the conjugated part is based on a benzothiadiazole core, 
which is a good electron acceptor. It is one of the most widely used moities in photoluminescent 
compounds and in organic electronics applications. In addition, they can form well-ordered 
crystal structures because they are strongly polarized, and therefore they can induce strong 
intramolecular interactions. These molecules are high fluorescent properties and high charge 
transport properties. We design these molecules in order to get emissive deivces. 

 
Figure 1 Chemical structures of the calamitic liquid crystalline compounds based on benzothiadiazole core. 

The second family is a more complex system incorporating different mesogenic units such as 
[1]Benzothieno[3,2-b][1]benzothiophene (BTBT) or terthiophene for high charge transport 
properties and previous luminescent calamitic derivative as emissive units (Figure 2). The 
objective is to obtain multi-lamellar organization with high charge carrier mobility and high 
fluorescent properties for Light Emitting Transistor application. 

 
Figure 2 Chemical structures of the liquid crystalline fluorescent dyad and triad architecture. 

The third set of molecules is narrow bandgap derivatives (Figure 3). These molecules will be 
designed based on central naphthalene diimide core, benzothiadiazole, cyano group and donor 
unit thiophene. These donor/acceptor derivatives are promising candidate for n-type and/or 
ambipolar behavior and to be use as semiconducting layers in Organic Field Effect Transistor 
devices. 

 
Figure 3 Chemical structures of narrow-bandgap molecules based on naphthalene diimide central core. 
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  Elaboration of lignin-based materials via graft 
copolymerization 

Julien Brisse1 *, Brigitte Rousseau1 & Martine Tessier1 
1Institut Parisien de Chimie Moléculaire (IPCM, UMR 8232), Chimie des Polymères 

Université Pierre et Marie Curie – 75005 Paris  

*Corresponding author: julien.brisse@ipcm.upmc.fr 

Keywords: biomass, lignin, thermoplastics, polyesters, graft copolymerization, characterization 

 

The abundance and the renewable character of lignins make them potential oil substituting raw 
material for the synthesis of chemicals and new materials. 

Currently, the valorization of lignins in the polymer field relies essentially on their incorporation 
within blends, or in the synthesis of thermosetting resins1,2.  

Lignins have an aromatic structure along with several interesting reactive functions (primary 
and secondary aliphatic alcohols, phenols, carboxylic acids). Therefore, it is possible to use 
them as comonomers in the synthesis of value added biobased and potentially biodegradable 
technical thermoplastic copolymers.  

Issues are related to the complexity and the variability of the structure, the thermal instability, 
and the low solubility of lignins. One of the challenges of this work is to develop new 
thermoplastic materials by identifying and controlling their structures in order to manage the 
properties that result from them.  

The study was carried out on an oganosolv wheat straw lignin provided from the CIMV 
company. In order to improve its solubility and to homogenize the nature of the reactive 
chemical functions, purification and various chemical modifications were completed. Then, the 
synthesis of copolymers using lignin as a macromonomer was studied according to two 
strategies:  

- Ring-opening polymerization (ROP) of lactones using lignin as a macroinitiator 
(grafting from) ; 

- Controlled graft copolymerization of monofunctional polymers terminated with 
carboxylic acid end groups (grafting onto).  

The obtained copolymers were characterized in detail by appropriate analytical techniques (1H 
NMR, 2D NMR 1H-13C HSQC, 31P NMR, SEC, TGA, DSC). 

 

References 

(1)  Wang, C.; Kelley, S. S.; Venditti, R. A. ChemSusChem 2016, 9 (8), 770–783. 

(2)  Upton, B. M.; Kasko, A. M. Chem. Rev. 2016, 116 (4), 2275–2306. 
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Wet granular materials are common precursors of construction materials, food, and health care 
products as well as relevant in many geophysical processes [1]. Indeed, the addition of liquid 
drastically modifies the behavior of a granular medium, and its rheological properties strongly 
depend on the proportion of the liquid [2]. For large liquid volume fractions, a dense suspension 
is produced exhibiting fluidlike properties [3]. By contrast, the presence of small amounts of 
liquid induces the formation of liquid bridges between grains, providing a strong cohesion to the 
material and a solidlike behaviour [Fig. 1(a)] [4]. These effects are commonly used in civil 
engineering processes that require mixing dry grains with a liquid to obtain new physical or 
chemical properties. Although the final product is homogeneous at the large scale, strong spatial 
heterogeneities in the liquid content are present during the blending, with rheological properties 
ranging from a dry state to a suspension in the mixture. 

 

  

Figure 1 (a) Capillary bridges observed by fluorescence microscopy [2]. (b) Artistic view of the 
accretion of impacting dry beads on a wet granular packing [6]. 

 
Most of investigations on the wet granular materials focus on the liquid distribution in static 
granular packings to describe the morphology of the liquid connections between the grains. In 
this work, we propose to study a dynamical situation corresponding to the interaction of a dry 
granular flow with a wet granular substrate. Depending on the liquid saturation rate in the wet 
phase, different phenomena can occur at the interface such as the erosion of the substrate by the 
granular flow [5], the accretion of dry grains by the wet substrate [Fig. 1(b)] [6] or the 
impregnation of the interstitial fluid into the flowing dry grains. We carry out model 
experiments with glass beads and simple fluids to highlight the physical mechanisms which 
govern each phenomenon and to characterize their dynamics.   
 

 

1. S. Herminghaus, Adv. Phys. 54, 221 (2005). 
2. P. C. F. Møller & D. Bonn, Europhys. Lett.80, 38002 (2007).  
3. F. Boyer, E. Guazzelli & O. Pouliquen, Phys. Rev. Lett. 107, 188301 (2010). 
4. M. Scheel, R. Seemann, M. Brinkmann, M. Di Michiel, A. Sheppard, B. Breidenbach & S Herminghaus, Nat. 
Mater. 7, 189 (2008). 
5. G. Lefebvre, A. Merceron & P. Jop, Phys. Rev. Lett. 116, 068002 (2016). 
6. G. Saingier, A. Sauret & P. Jop, Phys. Rev. Lett. 118, 208001 (2017).  
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Fading of dyes is a common phenomenon observed on painting. Many cases were 
reported as famous painting “L’Église d’Auvers sur Oise” from Vincent van Gogh (pink fading 
of Eosin [1]). Other painters, as Auguste Renoir with “Bal du Moulin de la Galette” 20 years 
later, were so surprised by the degradation of their painting that they did not recognized their 
own work. 
  Reasons of fading are various: exposition to light, wet atmosphere, temperature changes, 
pollution from human activities or urban area, and also the activity of pests and microorganisms 
as fungi and bacteria. 
 Meanwhile, a well-known example of organic-inorganic pigment called Maya blue 
crossed ages with its astonishing resistance [2]. Most of the painted walls from the 9th century 
was degraded but the Maya blue remained unspoiled. 
 This study aims to synthetize new hybrid materials with enhanced photo-chemical 
resistance, by using inorganic matrix to prevent the decomposition of unstable organic dyes. 
Carminic acid was used as natural red dye, and several smectite (mainly Montmorillonite) were 
employed as supporting mineral. 
 The clay mineral surface charge was inversed by a cationic polymer. Adsorption of the 
later and the carminic acid molecules was done by wet impregnation in presence of an excess of 
water. The free organic molecules were removed by washing with water. The cationic polymer 
is intercalated in the interlayer space as attested by XRD. The dye molecules are probably 
adsorbed on the edges. 13C NMR spectroscopy stress on the presence of hydrogen bonds 
between the edges of the clay mineral and the carminic acid. The interactions involved between 
the inorganic and organic parts influence directly the release properties of the organic molecules 
in different solvent. The photo-stability of the new pigments was investigated under focused 
light. Color changes were followed using CIE L*a*b* parameters. The inversion of surface 
charge seems to increase the photo-stability of the new pigments compared to the one prepared 
without any cationic polymer.  
 
 
 
 
 
 

 

[1] Frédéric, F.; de Viguerie, L.; Balme, S.;  Janot, J-M; Walter, P.; and Jaber, M.; Physico-chemical characterization 
of lake pigments based on montmorillonite and carminic acid, Applied Clay Science, 130, (2015), 12-17. 
[2] van Olphen H. “Maya Blue: A Clay-Organic Pigment?” Science, New Series, 154, (1966), 645-646 
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In tissue engineering, biomaterials create a scaffold and give the cells an environment similar to the 
extracellular matrix (ECM), providing suitable mechanical properties and precise chemical signals to 
trigger cell adhesion, migration, proliferation and differentiation.[1] Fibrillar proteins like collagen or 
fibronectin, as well as synthetic peptide polymers (e.g. Peptide Amphiphile (PA)) are widely used as 
structuring scaffolds.[2] In ECM, the heterogeneities in biomolecule distribution is a key signal to 
trigger a given cell behavior. To understand and mimic this clustering, it is necessary to engineer 
biomaterials with well-defined structuration at the nanoscale. 
In the composite approach, the incorporation of silica nanoparticles (SiNPs) grafted with functional 
peptides into PA scaffolds aimed at providing a unique way of tuning the scaffold bioactivity with 
improved modularity. In this work we were able to highlight the impact of spatial presentation of the 
fibronectin-derived peptide on cell response. Fibroblasts cultured on RGDS-clustered at the SiNP 
surface and embedded in a PA matrix showed increased cell spreading and more mature focal 
adhesions than on RGDS homogeneously introduced into PA nanofibers. Moreover the required 
amount of signal to have a nice fibroblast spreading is more than four times lower when SiNPs are 
used to display the peptide epitope thanks to the condensation of the signal. 
In order to create a more precise nanostructuration and clusterization we describe a new method to 
create bi-functional patchy SiNPs. Several alkoxysilane precursors were designed and synthesized. 
Their self-assembling properties were analyzed in solvent of different polarity and then immobilized at 
the surface of the SiNP by sol-gel chemistry. This method enabled us to create size-controlled patches 
at the surface of the particle that can be functionalized with bioactive epitopes. Another molecule of 
interest can be grafted between the patches simultaneously to create bi-functional particles.  
Those nanostructured SiNPs would be embedded in an extruded or electrospun collagen matrix to 
create a new generation of biomaterials with an improved modularity for tissue regeneration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Multifunctional Particles – Biopolymers Hybrids Scheme 
 

[1] Hynes, R. O. Science 326 (2009) 1216–1219 
[2] J. D. Hartgerink, E. Beniash and S. I. Stupp, Science (2001) 294, 1684–1688 
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Crystals doped with paramagnetic rare earth (RE) ions are promising materials for 
quantum information processing because they can be coupled to microwave photons1 or provide 
large bandwidth memories2. Furthermore, it was recently demonstrated that coherence transfer 
with high fidelity was possible between electron and nuclear spins in these materials, opening 
the way to long storage time capability3. 
 
 
Yb3+ has very good optical properties in Y2SiO5, especially in 
terms of oscillator strength and narrow inhomogeneous linewidths 
at low concentrations4. Here we report on the hyperfine structure 
of 171Yb3+, which is the only paramagnetic rare earth ion with a 
nuclear spin I=1/2, leading to a simple energy level structure. 
Thanks to the narrow inhomogeneous linewidths (<1 GHz), the 
nuclear spin transitions are optically resolved, which is 
convenient for an efficient optical pumping into the spin levels 
and can facilitate a state preparation for quantum processing 
applications. 

 
 
171Yb3+:Y2SiO5 shows the ability to shape the level structure by applying a magnetic field which 
could allow the coupling between 171Yb3+ ions and superconducting quantum processors as 
those currently developed by IBM or Google. 
 
 
 
                                                 
1  S. Probst, H. Rotzinger, S.Wunsch, P. Jung, M. Jerger, M. Siegel, A. V. Ustinov, and P. A. Bushev, Phys. Rev. Lett. 
110, 157001 (2013). 
2  F. Bussières, C. Clausen, A. Tiranov, B. Korzh, V. B. Verma, S. W. Nam, F. Marsili, A. Ferrier, P. Goldner, H. 
Herrmann, C. Silberhorn, W. Sohler, M. Afzelius, and N. Gisin, Nat. Phot. 8, 775778 (2014). 
3 G. Wolfowicz, H. Maier-Flaig, R. Marino, A. Ferrier, H. Vezin, J. J. L. Morton, and P. Goldner, Phys. Rev. Lett. 
114, 170503 (2015). 
4 S. Welinski, A. Ferrier, M. Afzelius, and P. Goldner, Phys. Rev. B, 94, 155116 (2016). 
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One of the most common ways to obtain dense ceramics is to compress granules (size~100µm) 
obtained by spray-drying a suspension of ceramics nanoparticles (size~100nm) in water. Before 
spray-drying, a polymeric component, called a binder, is added to improve the final granule’s 
properties at compression. The compressed material is called the “green body” and it is then 
sintered at high temperature, around 1500°C, to obtain final dense products with defined shapes. 
The “green body’s” properties affect the sintered body’s ones. In particular, its density is an 
essential parameter that determines the post-sintering porosity and thus the strength of the 
material; homogeneity of the green body is also crucial since density gradients lead to the 
formation of cavities that are responsible for fractures during the sintering step; finally large 
values of the green body’s tensile strength is also essential to ensure a successful demolding 
step. 
The objective of this PhD is to understand how the organic binder will affect the green body 
properties. Indeed, by using different types of binder, strong differences can be observed on the 
compressed green samples : 
 

 
Figure 1. SEM observations of 100MPa compressed ceramics granules with two different binders (PEG = 

Poly(EthyleneGlycol) ; PVA = Poly(VinylAlcohol) ) 
 
During this PhD we have shown that during the spray-drying process, a large amount of binder 
is driven away to granules’ surface and finally form a polymeric shell around spray-dried 
granules. This polymeric shell can affect friction between granules but we have also shown, by 
calculating deformation energies, that finally the binder spatial distribution in spray-dried 
granule doesn’t play any role. On the contrary, binder’s mechanical properties are a key 
parameter during granules compression since they determine the needed energy for compression 
and can also be at the origin of an elastic rebound. Using a hard binder (thus with a glass 
transition temperature above the room temperature) will harden the compression of our samples. 
On the contrary, using a soft polymer (whose glass transition temperature is close or below the 
room temperature) will lead to less porosity between granules after compression. 
 
 

 

1. I-C. Sinka, Modelling powder compaction (2007), pages 4-22 
2. B-J. Briscoe and N. Ozkan, Powder Technology (1996), pages 195-203 
2. S. Baklouti, P. Coupelle, T. Chartier, and J. Baumard, Journal de Physique III (1996), pages 1283 -1291 
3. C-W Nies and Gl-L Messing, Journal of the American Ceramic Society (1984), pages 301-304 
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Abstrat 
 
Recent years, silica nanomaterials attract wide attention in cell imaging, drug delivery and tissue 
engineering. Silica nanoparticles not only own variety of unique features, such as versatile 
synthesis, controllable size and architecture, easy surface modification, etc.1 Moreover, “all in 
one” multifunctional strategy makes it possible to construct multifunctional silica nanomaterials 
which can gather a variety of functions in single nanoparticle at the same time.2 Up to now, a 
number of silica-based nanomaterials with engineered shape, structure and surface modification 
have been prepared and evaluated for applications in biomedical area.3-4 In order to use them for 
intracellular multifunctional application, the control of intracellular behavior of the 
nanoparticles remains highly challenging, especially because the question whether mammalian 
cells exhibit specific biological mechanisms to degrade silica remains open. 
In this communication, we firstly prepare three types of PEGylated fluorescent silica 
nanoparticles with various internal structures (core-shell bio-composite, multilayered and 
hollow mesoporous) and studied their degradation in contact with human dermal fibroblasts. All 
particles were uptaken by cells with limited cytotoxic effect. Their intracellular degradation 
occurred faster than in solution but following almost similar dissolution mechanisms. These 
results strongly suggest that silica nanoparticles must be considered as bioresorbable but not 
biodegradable, a point of importance for their future application in drug delivery.5 After, we 
designed a novel GSH-triggered drug delivery system by wrapping MnO2 nanosheets around 
doxorubicin-loaded hollow mesoporous silica nanoparticles and then decorating with aptamers 
to form a multifunctional nanoplatform for the first time. The obtained nanoplatforms had a 
high loading capacity for an anti-cancer drug and controlled release properties. More 
importantly, it exhibits MRI contrast-enhanced imaging in 3D tumor models. Such new  
multifunctional  nanomaterial  systems  combining  diagnostic  and  therapeutic functions are of  
great  significance  for  potential  cancer diagnosis and treatment.   
 
References 
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Tendon injury is a clinical, societal and economical issue. Because of poor vascularization and 
low cellularity of the tissue there is limited spontaneous regeneration. Tendon repair thus 
represents an important clinical challenge, partly due to the mechanical constraints that occur at 
the junctions between muscle and bone. Biomaterials bring new hope for tendon reconstruction, 
with the need of scaffolds that achieve both the common requirements for tissue regeneration, 
such as bioactivity, biodegradation and high porosity, and the specific requirements for tendons, 
such as anisotropy, high mechanical modulus and strength1. Collagen foams made by freezing 
collagen solutions are good candidates and raise high hopes as they demonstrated encouraging 
results for ACL reconstruction2. The use of collagen solutions ensures the bioactive and 
biodegradable aspect while freeze-casting provides anisotropy and porosity. However, the self 
assembly of collagen is not triggered, resulting in weak and soluble foam3. Chemical cross-
linkers are used instead, representing a risk of toxicity.   
 
We present the protocol we established to freeze-cast pure collagen I solutions into porous 
scaffolds and achieve the self-assembly of the constituting collagen, as evidenced by 
transmission electron microscopy observations. Self-assembled fibrillar collagen gives the 
macroporous foams suitable mechanical properties without the need for chemical cross-linking 
usually used to prevent dissolution and improve the stiffness of collagen sponges. The obtained 
samples, 1.2 cm long and approximately 5 mm in diameter, present pores oriented along the 
longitudinal axis. The size of these canals and their wall thickness vary all along the tube, the 
major axis of the pores observed in the transverse planes ranging from 39 ± 23 µm to 106 ± 88 
µm. The scaffold also displays a lower order of structure inside the pores with parallel ridges 
running along the main direction. The distance between ridges is about 8±1 µm in the thinner 
pores and 17±2 µm in the larger ones. The scaffold demonstrates high bioactivity and its 
anisotropy and  micro-ridges  fosters cellular alignment along the main axis.  
 
 

 
1. Rieu, C., Picaut, L. & Trichet*, G. M. and L. From Tendon Injury to Collagen-based Tendon Regeneration: 

Overview and Recent Advances. Curr. Pharm. Des. (2017). 
2. Perrone, G. S. et al. Bench-to-bedside: Bridge-enhanced anterior cruciate ligament repair: BENCH-TO-

BEDSIDE: BRIDGE-ENHANCED ACL REPAIR. J. Orthop. Res. (2017). doi:10.1002/jor.23632 
3. Caliari, S. R., Ramirez, M. A. & Harley, B. A. C. The development of collagen-GAG scaffold-membrane 

composites for tendon tissue engineering. Biomaterials 32, 8990–8998 (2011). 
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While Iron is known to be the main constituent of the Earth’s core, its density at inner core 
pressure (330-360 GPa) and temperature (5000-6500K) is too high1 with respect to 
seismological models. This argues for the presence of light elements such as silicon in large 
quantities alloyed to iron to account for the density deficit. We use a combination of Picosecond 
Acoustics and synchrotron X-ray Diffraction to measure the sound velocity and density of Fe-Si 
alloys as a function of pressure, temperature and composition. By comparing experimental 
results to seismological observations, constraints are placed on the Si abundance in the Earth’s 
inner core. 
 
 

 

1. Tateno et al., Science 330, 359-361 (2010). 
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A sustainable transition towards renewable energy and electrified transportation is being 
facilitated by energy storage technologies, mainly rechargeable lithium-ion batteries, with an 
important thrust area being the energy density of their cathode materials.[1] Today’s cathodes 
such as LiCo3+O2, which operate via a lithium de-insertion/re-insertion electrochemical reaction 
during charge/discharge (LiCo3+O2 l Li1–xCo3+xO2 + xLi+ + xe–), have limited charge-storage 
capacity that is restricted to the cationic redox of their transition metal ions (Co3+ l Co3.5+). 
However, the recent demonstration of reversible anionic redox (O2– l On–, n < 2) in lithium-
rich layered oxides, e.g., Li2RuO3 that are also expressed as Li[Li1/3Ru2/3]O2, has revitalized the 
search for higher energy battery cathodes.[2] To facilitate the success of such materials, the 
fundamentals of the promising anionic redox mechanism need to be further advanced. 

In this presentation, we will focus on the cationic–anionic redox processes in 
Li2Ru0.75Sn0.25O3 – a “model” lithium-rich layered cathode in which Ru (cationic) and O 
(anionic) are the only redox-active sites, whereas Sn is redox-inactive but provides structural 
stability.[3] We will lay out its charge compensation mechanism and local structural evolutions, 
as revealed via operando (and complementary ex situ) X-ray absorption spectroscopy (XAS). 
We will also present several interesting local effects discovered by extended X-ray absorption 
fine structure (EXAFS) modelling, e.g., the anionic-oxidation-driven distortion of oxygen 
network around Ru atoms. We will complement these findings by presenting a direct proof of 
lattice oxygen’s reversible redox reactivity, as revealed via hard-X-ray photoelectron 
spectroscopy (HAXPES).[3,4] 

Lastly, we will demonstrate a spectroscopy-driven visualization of electrochemical 
reaction paths, which was achieved through a chemometric approach, based on principal 
component analysis (PCA), for interpreting the operando XAS data. This enabled us to neatly 
decouple the individual cationic–anionic contributions on the dQ/dV electrochemical curve (see 
Figure). The results were consequently leveraged to explain the electrochemical kinetics and 
thermodynamics of these electrodes, providing fundamental insights that will be crucial for 
improving the existing anionic-redox-based cathodes and for evaluating the ones being 
discovered rapidly. 
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Li-ion batteries need to be charged by being plugged into the grid, limiting their autonomy. 

Charging a battery consists of applying an external current to reverse the spontaneous 

electrochemical reactions occurring during discharge. A strategy to improve their autonomy is 

to design nanostructured electrodes whose composition and architecture allow for these 

recharging reactions to be driven by light.  

Classical electrochemical experiments (in the dark and under light) demonstrate that light 

promotes the de-insertion reaction of 3D LixTiO2 mesoporous thin films due to the participation 

of photogenerated holes. These holes allow the oxidation of Ti3+ into Ti4+, simultaneously 

giving rise to Li-ion extraction. Galvanostatic experiments performed on Li-rich TiO2 

mesoporous films show that competition between ion insertion and de-insertion occurs, leading 

to electrodes with potentially infinite capacity. This work constitutes a proof of concept that low 

potential Li-ion batteries (TiO2 // Cgraphite) can solely be recharged by exposure to light. 

 

 
Illustration of the potential for “infinite” capacity of the mesoporous TiO2-based battery. The galvanostatic experiment was realized 
in a water-cooled cell : glass/FTO/TiO2 // LiPF6 1 M in EC : DMC (1 : 1 in vol) // Li0, ref. Li0. Two successive discharge-charge 
curves (1–2, 3–4) at C/7-rate if the theoretical capacity is set to 335 mAh.g-1 under dark (black) or light (red) conditions. The light 
had to be turned off overnight after 8 hours. 
 

 

[1] O. Nguyen, E. Courtin, F. Sauvage, N. Krins, C. Sanchez, C. Laberty-Robert, J. Mater. Chem. A, 2017, 5, 5927-

5933 
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The phase diagram of hole-doped high critical temperature superconductors as a function of 
doping and temperature has been intensively studied with chemical variation of doping. 
Chemical doping can provoke structural changes and disorder, masking intrinsic effects. 
Alternatively a field-effect transistor geometry with an electrostatically doped, ultra-thin sample 
can be used. However to probe the phase diagram, carrier density modulation beyond 1014cm-2 

and transport measurements performed over a large temperature range are needed. Here we use 
the space charge doping method1,2 to measure transport characteristics from 330~K to low 
temperature. We extract parameters and characteristic temperatures over a large doping range 
and establish a comprehensive phase diagram for one unit cell thick Bi2Sr2CaCu2O8+x as a 
function of doping, temperature and disorder3. 
 

 
 

 

1. Johan Biscaras et al., Nature Communications 6, 8826 (2015) 
2. A. Paradisi et al., Applied Physics Letters 107, 143103 (2015). 
3. E.Sterpetti et al., Nature communications (Accepted 7 November 2017) 
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The in situ and real time characterization of the wetting of a surface by growing films is 
a crucial issue in surface science [1]. We address herein the case by combining 
plasmonics sensitivity to morphology (UV-vis Surface Differential Reflectivity 
Spectroscopy, SDRS [2]) and X-ray Photoelectron Spectroscopy (XPS) sensitivity to 
chemistry to study the effect of a metallic buffer (Cr) on a metal/oxide interface (Zn/D-
Al2O3(0001)). The system is inspired by the new Advanced High Strength Steel grades 
used in automotive industry of which drawback is to exhibit segregated oxide adlayers 
(here alumina) that prevent the adhesion of Zn in the galvanization process.  
 
Our fundamental study performed at 300 K involves (i) Cr/Al2O3 film growth as 
function of thickness and (ii) deposition of Zn (16Å) overlayer on top. Cr allows Zn 
sticking on Al2O3 at 300 K while much lower temperature (100K) is required to reach a 
sizeable condensation of Zn on bare alumina [2,3]. At early stages of growth, SDRS 
shows that Cr forms initially 3D clusters that cover partially the surface of alumina until 
an early percolation for kinetic reasons. Photoemission points at Cr in metallic state and 
the lack of reduction of alumina. Only a reaction limited to surface OH is detected. 
Concerning Zn sticking, the thickness of deposited Zn determined through XPS 
correlates with the Cr thickness (Fig. a). Both the shape of the Zn LMM Auger 
transition and the Auger parameter (D=2013.9eV) highlight metallic zinc (Inset of Fig. 
a). Consistently, dielectric simulation of experimental SDRS of a Zn film grown over a 
thick Cr deposit that completely covers alumina (Fig. b) reveals a 2D morphology (that 
contrasts with the 3D growth on alumina at 100 K, Fig. b) in agreement with ab initio 
predictions on Zn/Cr/Al2O3 [4]. Finally, Zn is shown to poorly wet oxidized Cr. The 
contrasted behavior of Zn wetting over metallic and oxidized Cr highlights the interest 
of optics and photoemission combination in the case of the in situ study of the 
wetting/adhesion during the growth of thin films. 
 
[1] G. Renaud et al. , Science 300 (2003) 1416.                  
[2] R. Lazzari et al. , J. Phys. Chem. C 118 (2014) 7032. 
[3] Le et al, J. Phys. Chem. C accepted (2017) 
[4] Le et al. , J. Phys. Chem. C 120 (2016) 9836.   
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Gold nanoparticles have potential applications in many fields such as medicine, optics, 
electronics or catalysis. Their most common syntheses generally require three components : a 
gold precursor, a reducing agent and a stabilizing ligand. 

N-Heterocyclic Carbenes (NHCs) are highly tunable molecules which exhibit a better 
binding affinity for gold than thiols1, and a few studies have shown the possibility to use NHCs 
to stabilize gold nanoparticles2-4. NHCs, which are Lewis bases, can also form with borane 
(Lewis acid) stable adducts5, which exhibit reducing properties. NHC-boranes might thus be 
used as reducing agent and precursor of stabilizing ligands in the synthesis of gold nanoparticles. 

A synthesis of NHC stabilized gold nanoparticles is reported for the first time from 
NHC-borane, as a "2-in-1" reagent, and AuClSMe2 as gold precursor6. XPS analysis confirms 
the presence of NHC as surface ligand. Varying the reaction conditions allows tuning of the 
nanoparticle size in the range 5-10 nm. 

 
 

 

1. C. M. Crudden, J.H. Horton, I.I. Ebralidze et al., Nat. Chem. 6 (2014) 409; C. M. Crudden, J.H. Horton, M.R. 
Narouz et al., Nat. Commun. 7 (2016) 12654 
2. J. Vignolle, T.D. Tilley, Chem. Commun. (2009) 7230; K. Salorinne, R. W. Y. Man, C.-H. Li et al., Angew. Chem. 
129 (2017) 6294 
3. E.C. Hurst, K. Wilson, I.J.S. Fairlamb et al., New J. Chem. 33 (2009) 1837  
4. C.J. Serpell, J. Cookson, A.L. Thompson et al., Dalton Trans 42 (2013) 1385; X. Ling, S. Roland, M.-P. Pileni, 
Chem. Mater. 27 (2015) 414. 
5. D.P. Curran, A. Solovyev, M. Makhlouf Brahmi et al., Angew. Chem. Int. Ed. 50 (2011) 10294. 
6. L. Hippolyte, N. Bridonneau, F. Ribot, et al., manuscript in preparation 
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The constantly increasing demand for enhanced performance of data storage and 
transfer has resulted in a continuous search for new solutions. One of the approaches is to 
minimize power consumption in data processing [1]. That quest brought the attention of 
researchers to magnonics. Spin waves (SW) can carry information that can be modified without 
applying an external current, however only over a few micrometers, due to a strong intrinsic 
damping. In order to bypass this issue, the use of acoustic waves and magnetoelastic 
interactions was proposed. Spin waves can be generated by acoustic waves several millimeters 
away from the excitation source. In other words SWs can be excited remotely in the required 
point of the magnetic medium, by the acoustic waves.  
Different types of acoustic waves can be used to excite SWs. In this work we focus on surface 
Rayleigh acoustic waves (RAWs), specific for the coexistence of longitudinal and transverse 
component of the strain. The generation of RAWs can be done electrically (via piezoelectricity) 
and optically (via thermoelasticity). This propagating distortion of the material, can act on the 
magnetization by modifying the magnetoelastic part of the energy in magnetostrictive materials. 
Under specific conditions it may trigger the magnetization precession. The studies we present 
here were carried out on two classes of magnetostrictive materials, dilute ferromagnetic 
semiconductors (DFS) and ferromagnetic metals. They possess different advantages that were 
used depending on the RAW excitation source. 
 

 

1. Iihama, S., et al. Phys. Rev. B 94, 020401 (2016).  
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Silicones are mainly used in the industry for their good mechanical and 
insulation properties at elevated temperature. The aim of this study is to bring a self 
healing ability to such elastomers.  

 
 To meet the requirements of the rubber industry we focused our work on the 
system of supramolecular modified silicone compounds previously investigated by 
Yilgor et al1,2. These systems (shown in Figure 1) contain hard segment (HS) which can 
interact by hydrogen bonding alternated by silicone soft segment (SS). The enormous 
difference of solubility parameters3 of both segments creates a microphase separation. 
Wacker has moreover commercialized the GENIOMER© based on this technology. 
These compounds exhibit good thermal and mechanical properties4 which are consistent 
with the specifications expected. 
 
 Our strategy is to establish a correlation between the chemical structure and the 
physical properties of the materials. In this context we have synthesized different 
systems with variable HS and analyzed the mechanical response. 
 

 
Figure 1 – Schematic representation of intermolecular interaction in silicone-urea 

copolymers2 
 
References.  
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Gold nanoparticles are well-known for their particular optical properties due to the 
plasmon absorption in the visible, and they also could be used in electronic devices like 
transistors. For this last type of application, and essential property must be studied, the work-
function, defined as the energy needed to extract an electron from the Fermi level to the 
vacuum. The work-function of the nanoparticle provides the access to its charge state, which is 
influential in the plasmon response. In this work, we want to measure the work-function 
modification of the gold nanoparticles, induced by a molecular functionalization, and how it can 
modify the plasmon response. 
 We have first studied by differential spectroscopy the plasmon response of the 
nanoparticles grafted on many surfaces (glass, silicon) in transmission or in reflection and 
determined the appropriate model. This is particularly helpful for the reflection on silicon where 
the measured signal is unusual and do not appeared like a positive absorption plasmon band but 
like a small derivative shape1. 
 Then we have measured the work-function modification of gold nanoparticles induced 
by a molecular functionalization (see the figure below). The employed technique is a conductive 
atomic force microscope (AFM), a Kelvin Probe (KPFM). When the particles are 
functionalized, our results show an evolution of the work-function modification as a function of 
the particle diameter. They also show two different behaviors from two different functionalizing 
molecules. These two behaviors have also been seen in optic where two plasmon band shifts 
have been measured. 
 
 

 
KPFM measurements 
of gold nanoparticles 
grafted on gold and 
functionalized with 16-
mercaptohexadecanoic 
acid: a) topography 
and b) relative work-
function. 

 
 

 
 
 
 
 

 

1. Bossard-Giannesini L, APL 109, 11 (2016) 111901           
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   Macroscopic toughness is strongly related to the ability of materials to transfer forces away 
from a broken bond to a large number of neighboring bonds. The key to progress on these 
questions is the technique to probe molecular forces. In mechanochemistry, the detection of 
bond forces and bond breakage can be done with mechanophores, which are polymers 
responsive (color change) to mechanical stimulus [1-2]. Spiropyran (SP) as a mechanophore is 
incorporated into multiple network elastomers acting as cross-linker. SP can be activated into a 
merocyanine (MC) isomer under various loading conditions and generate changes in optical 
signals (absorbance and fluorescence) (Figure 1). Analyzing the optical signals of MC allows to 
reconstruct the spatial distribution of molecular forces in soft materials. 

     
Figure 1. (a) The conversion between colourless SP and coloured MC. (b) Mechanical 
responsiveness of SP in ploy (ethyl acrylate). 

 
 

 

1. D. A. Davis; A. Hamilton; J.L. Yang; S.R. White; J.S. Moore and N.R.Scottos, Nature, 2009, 459, 68-72. 
2. E. Ducrot; Y.L. Chen; M.Bulters; R. P. Sijbesma; C. Creton, Science, 2014, 344, 186-189. 
 

(a) (b) 
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Thermal conductivity is a fundamental physical parameter that largely controls the heat transfer 
in Earth’s interior. Despite its importance, the thermal conductivity of mantle minerals is one of 
the least constrained properties at high pressure (P) and high temperature (T) as direct 
laboratory measurement at pertinent P-T conditions remains a technical challenge [1]. So far 
geophysical models rely on extrapolations of lower P data and, more and more, on results from 
ab initio calculations [2-4]. However, the validity and versatility of the various theoretical 
approaches used in literature remain to be tested by experiments. The direct measurements of 
vibrational and anharmonic properties such as phonon energy and linewidth as a function of P 
and T provide the most straightforward benchmark for the theoretical calculations as these are 
the key parameters entering the Boltzmann transport equation. 
 

 
 

 

1. Manthilake, Koker, Frost, and McCammon, Proceedings of the National Academy of Sciences 108, 17901 (2011). 
2. Koker, Physical Review Letters 103, (2009).  
3. Tang and Dong, Proceedings of the National Academy of Sciences 107, 4539 (2010).  
4. Dekura and Tsuchiya, Physical Review B 95, (2017). 
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Au premier siècle avant notre ère, les potiers romains découvrent que l’emploi de plomb 
comme fondant permet de confectionner simplement des glaçures de bien meilleure qualité que 
les glaçures alcalines traditionnelles jusqu’alors employées1. C’est à partir de cette époque que 
l’emploi de glaçures plombifères se généralise peu à peu à travers tout le monde occidental. 
Cette innovation technologique apparaît également à la même époque en Chine1. En Amérique, 
au 14ème siècle, des glaçures très similaires à celles employées en Europe à la même époque ont 
également été retrouvées sur des céramiques Pueblos2. Il semble donc que les céramistes de 
différentes civilisations aient indépendamment découvert des recettes de glaçure plombifères 
principalement basée sur un système ternaire PbO-SiO2-Al2O3. Le très large emploi, au cours de 
l’Histoire, de ce type de système nous a poussé à nous intéresser à la structure de ces matériaux 
vitreux.  
S’il existe de nombreuses études sur le système binaire PbO-SiO2, l’influence de l’addition 
d’alumine n’a que très peu été étudiée à notre connaissance. Dans ce travail, nous avons élaboré 
des verres renfermant des teneurs en Al2O3 de 0 à 15 mol% dans un domaine restreint de 
compositions du système ternaire autour de 40 mol% PbO (Fig. 1), que nous avons étudiés par 
spectroscopie Raman (Fig. 1) et RMN (27Al,29Si). 
 
 
 

  
 

Figure 1 : (à gauche) Compositions (mol%) des verres étudiés et (à droite) spectres Raman 
des verres de la série à 40 mol% PbO du diagramme ternaire.  
 
 

 

1. M. S. Tite et al. Archaeometry 40 (1998) 241 
2. D. L Huntley et al. J. Archaeol. Sci. 34 (2007) 1135 
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Geopolymers are a class of alumino-silicates binders envisaged for diverse applications as civil 
engineering or toxic and nuclear wastes conditioning. They are obtained by reacting an alumino-
silicate source (powdered clay) with an “activating solution” containing soluble alkali silicates. It is 
now accepted that the powdered source is dissolved by the activating solution. This provides chemical 
entities which will act as building blocks to form the alumino-silicate gel phase constituting the 
geopolymer1. Nevertheless, the whole process of geopolymerization is still not well understood. The 
gelation step is particularly subject to interrogations. Despite the rheological behavior shows it is 
similar to a solution-gel transition2, uncertainties remain concerning the chemical origin of this 
phenomenon. To answer, the effects of different chemical composition parameters of solutions on the 
reactivity of fresh geopolymer pastes are investigated by microcalorimetry and Nuclear Magnetic 
Resonance. In addition, a UV-Visible spectroscopic method was developed to quantify the basicity of 
initial activating solutions. The alkali and hydroxide contents, and the presence or absence of initial 
soluble silicate, have already been screened. It enabled to highlight the combined roles of hydroxide 
and silicates ions during the geopolymerization. Research on the effects of aluminate and silicate 
concentrations in solution are now under progress3 to elucidate some thermodynamical issues relative 
to the geopolymerization reaction.  
 
 

 

1. Duxson, P.; Fernandez-Jimenez, A.; Provis, J. L.; Lukey, G. C.; Palomo, A.; van Deventer, J. S. J.  Journal of Materials 
Science. 42-9 (2007) 2917-2933. 
2. Rouyer, J.; Poulesquen, A. Journal of the American Ceramic Society. 98-5 (2015) 1580-1587. 
3. Favier, A.; Habert, G.; Roussel, N.; de Lacaillerie, J. B. D. Cement and Concrete Research. 75 (2015) 104-109. 
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Recent investigation of ultrathin metal films with atomically well-defined thickness 

and high crystallinity has shown the existence of 2D superconductivity in a single atomic 
layer of Pb epitaxially grown on a Si(111) substrate [1]. 

As this system consists of a surface composed of heavy atoms, there also exists a strong 
Rashba spin-orbit coupling modifying the electronic properties. Combining this Pb 
monolayer with local magnetism makes it an ideal template to engineer and realize 
topological superconductivity [2]. Indeed, the introduction of magnetic impurities can 
induce the appearance of localized bound states in the 2D superconducting gap, known 
as Shiba states. Under some specific conditions, the magnetic interaction between several 
Shiba states in a either one-dimensional or two-dimensional array of magnetic impurities 
on the surface of a superconductor may realize new topological phases [3].  

The atomic layer of Pb has different structural phases depending on the coverage 
around the monolayer range and the temperature. In particular, a reversible structural 
phase transition from a (1x1) phase to a (√7x√3) one occurs at about 250 K for a coverage 
of 1.20 ML. The low temperature (√7x√3) phase presents a superconducting transition at 
1.5 K [1].  

Magnetic phthalocyanines (Pc) are very promising metallo-organic molecules which 
can be used to introduce the above-mentioned local magnetism [4]. Moreover, Pcs’ are 
known to form 2D self-assemblies on various metallic surfaces [5] and they can make it 
possible to tailor two-dimensional ordered magnetic structures, as we have already seen 
by STM. 
 

 
1. T. Zhang et al. Nature Physics 6, 104-108 (2010) 
2. C. Brun et al. Supercond. Sci. Technol. 30 013003 (2017) 
3. J. Röntynen et al. PRL 114, 236803 (2015) 
4. Franke et al. Science 332, 940-944 (2011) 
5. Gargiani et al. Phys. Rev. B 87, 165407 (2013) 
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 Graphene is a one atom-thick crystal of carbon and it was the first bi-dimensional material to be 
discovered [1]. Because it is 2D, it is very sensitive its environment. Graphene is therefore a 
very promising material for gas sensing applications. Gas molecules adsorbed onto a graphene 
sheet strongly modify its conductance, as shown in Figure 1. As a result, the detection of 
individual molecules of nitrogen dioxide has been achieved by measuring the conductance [1].  

Figure 1: (a) Evolution of the graphene-based devices during a typical experiment. When exposed to a target 
gas, molecules adsorb onto the graphene sheet (b) causing a strong rise in the conductance. When the device is 
heated, all the molecules are desorbed (c) and the sensor reach the initial value of the conductance again after 
cooling. 
 
The relative change in conductance (𝐺𝑒𝑛𝑑 − 𝐺𝑠𝑡𝑎𝑟𝑡) 𝐺𝑠𝑡𝑎𝑟𝑡⁄  is often used in the literature as the 
definition of the response function of graphene-based gas sensors. However, it has been shown 
that such devices do not reach equilibrium when they are exposed to a target gas, even after a 
long time [2]. The end value of the conductance is therefore chosen arbitrarily, which makes 
this definition of the response function unsuitable for graphene-based gas sensors. As a result, 
several authors modelled the transient behavior of the device in order to derive a relevant 
definition of the device response function [2]. Yet, their models are based on unchecked 
hypotheses regarding the sensor working principle. 
My work aims at investigating experimentally the mechanisms responsible for the change in 
conductance of graphene-based devices.  
The first step was to develop a fabrication process for the graphene-based devices in ONERA’s 
clean room. Then I devised an experimental set-up to measure the electrical properties of the 
devices when they are exposed to very low concentrations of nitrogen dioxide at different 
temperatures. Building on these measures, I derived a new definition for the sensor response 
function that is directly linear with respect to the concentration of target gas.  
 
 

 

1. Geim, Novoselov, Nature Materials 6 (2007), 183-191 
2. Schedin, Geim et al., Nature Materials 6 (2007), 652-655 
3. Wen et al, Sensors and Actuactors B : Chemical 223 (2016), 791-798 
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The study of the variation of luminescent properties with temperature is one promising 
way to measure temperature. Recent studies showed that luminescent nanomaterials allow a 
local and contactless temperature determination [1]. This could be very useful in many 
applications like medicine, aeronautic, and marine or in the understanding of catalytic 
mechanism. ZnGa2O4:Cr3+ is a potential nanothermometer because of its high sensitivity on a 
large temperature range. Indeed, the luminescence lifetime of the 2E emitted state is drastically 
dependent on temperature since the 4T2 and 2E levels are in thermal equilibrium [2]. In this 
study, we firstly optimized the luminescence properties of 10 nm in diameter nanoparticles with 
the aim of improving their capability as thermal nanosensor. In order to generate a local 
temperature increase, gold nanorods are then synthetized [3]. Under an appropriate excitation 
such gold nanoparticles may induce a heat due to their plasmonic properties. This anisotropic 
shape is chosen because of the suitable wavelength excitation in the longitudinal band, which is 
not absorbed by the nanothermometer (at 960 nm). Once the calibration of the nanosensor is 
effective and the heat generation is highlighted by thermal camera pictures, both nanoheater and 
nanothermometer were introduced in the same medium. The variation of the optical nanosensor 
response is promising and should envisioned to consider this coupled system as a potential 
candidate for hyperthermia treatment with a precise and controlled temperature. 

 
Figure 1 : TEM pictures of a) ZnGa2O4:Cr3+ nanoparticles and c) Gold nanorods, b) 

Luminescence decay at several temperatures, d) Thermal camera picture of gold nanorods 
solution with and without 960 nm excitation 

 
Acknowledgements 

This work was supported by Cluster of excellence MATISSE (ANR-11- IDEX-0004- 
02) and by DGA (Direction Générale de l’Armement, France). 
 
 
 
 

 

1. D. Jaque and F. Vetrone, Nanoscale 4 (2012) 4301-4326. 
2. S. Sharma et al., Proceedings SPIE 9749 (2016) 974922. 
3. Y. Xingchen et al., Nano letters 13 (2013) 765–771                   
 



	 42	

  

ED 397 – DOCTORAL SCHOOL DAYS 
DECEMBER 7TH & 8TH 2017 

 
PHYSICS 

Silicene: a bidimensional silicon layer 
Alberto CURCELLA,*† Romain BERNARD,† Yves BORENSZTEIN,† Michele LAZZERI,‡ 

Geoffroy PRÉVOT,† 

† Sorbonne Universités, UPMC Univ Paris 06, CNRS-UMR 7588, Institut des NanoSciences de 
Paris, F-75005, Paris, France 

‡ Sorbonne Universités, UPMC Univ Paris 06, CNRS-UMR 7590, MNHN, IRD UMR 206, 
Institut de Minéralogie, de Physique des Matériaux et de Cosmochimie, F-75005, Paris, SS 

Corresponding author: curcella@insp.upmc.fr  

 
Keywords: silicene, 2D, silicon 
 
In the last decade, the research of new bidimensional materials has exponentially increased, 
triggered by the advent of graphene, an atomically-thin carbon sheet. Its interesting and 
promising properties, due to the 2D confinement, have stimulated the curiosity and imagination 
of many reserachers, beginning the quest of the bidimensional allotropes of other 14th group 
atomic species. 
Obiviously, the first cadidate was silicon, as it is widely used in microelectronics and it lays just 
below carbon in the periodic table of elements. Theoretical studies predicted a metastable 2D 
structure, consisting in a low-buckled honeycomb arrangement of Si atoms. The calculations 
show that this new material, baptised as silicene, should have several features in common with 
graphene, such as high electronic conductivity and Dirac cones, along with new exotic 
properties, namely quantum spin Hall effect and giant magneto-resistance. Eventually, gap-
engeering could lead to the realisation of silicene-based transistors. 
Experimentally, it is not possible to isolate one silicene layer with the same exfoliation 
technique used for graphene. It is necessary to perform in-situ Si evaporation in ultra-high 
vaccum (UHV) conditions. Bidimensional silicon arrangements have been reported on several 
substrates, for example Ag(111), Ir(111), ZrB2(0001), MoS2, graphite. The most thouroughly 
studied is Ag(111), as in 2012 the realisation of a silicene layer with Dirac cones was reported 
on such a substrate1. Further investigations showed that the strong interaction between the 
silicon sheet and the substrate prevent Dirac cones an the other predicted properties from 
showing up. Afterwards, the synthesis of the so-called multi-layer silicene, a stacking of silicene 
monolayers, was proposed to overcome these limits, but this subject is still a matter of debate. 
During my PhD I have studied monolayer and multi-layer Si deposition on Ag(111) by 
combined experimental and theoretical means. I mainly focused on the structure and growth 
process using real-time in-situ measurements and simulations based on density functional theory. 
In particular, this approach allowed to determine the exact atomic structure of the (4x4) phase of 
silicene on Ag(111) putting in evidence also the deformation of the substrate2, the growth mode 
of thicker (> 1 layer) Si deposits, which result in the formation of bulklike diamond Si 
terminated by a reconstruction of Ag atoms expulsed from the substrate3,4.  
 
 

 

1. P. Vogt, P. De Padova, C. Quaresima, J. Avila, E. Frantzeskakis, M. C. Asensio, A. Resta, B. Ealet and G. Le Lay, 
Phys. Rev. Lett., 2012, 108, 155501 
2. A. Curcella, R. Bernard, Y. Borensztein, A. Resta, M. Lazzeri and G. Prévot, Phys. Rev. B, 2016, 94, 165438. 
3. Y. Borensztein, A. Curcella, S. Royer and G. Prévot, Phys. Rev. B, 2015, 92, 155407. 
4. A. Curcella, Y. Borensztein, R. Bernard, M. Lazzeri, A. Resta, Y. Garreau and G. Prévot, 2D Mater., 2017, 4, 
0214th group 5067. 
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Abstract: The synthesis of colloidal nanocrystals (NCs) has constantly evolved and improved 
since the first organometallic synthesis of highly monodisperse semiconductor NCs1. New 
core/shell or core/crown structures, new materials and the discovery of new mechanisms 
extended our knowledge of these objects. A better understanding of these nanomaterials recently 
helped to control their morphology. Initial protocols allowed the synthesis of spherical NCs but 
different shapes were obtained later i.e. nanorods, nanowires, and nanoparticles with two-
dimensional (2D) morphologies such as nanoribbons or nanoplatelets2 (NPLs). 
These 2D objects arouse interest because of their exceptional electrical, optical and mechanical 
properties. NPLs, in particular, show a 1D confinement along one axis, their thickness, and can 
exhibit extremely narrow emission line widths around 10 nm2. Existing protocols have been 
optimized in order to control the atomic-layer thickness and elaborate atomically flat NPLs2. 
This leads to narrow emission resulting from minimal inhomogeneous broadening. 
Contrary to spherical NCs, which exhibit a bandgap that can be finely tuned by adjusting 
nanoparticle size thanks to 3D confinement, NPLs have not demonstrated continuously tunable 
emission. For instance, varying the number of monolayers (MLs) in CdSe NPLs produces 
discrete emission wavelength peaking at 460, 510, or 550 nm3.   
Recent works4 on 4 MLs alloyed CdSe1-xSx NPLs have shown that the emission wavelength 
can be modulated by adjusting the composition in selenium and sulfur of these NPLs. Herein, 
we report the synthesis of 3 and 5 MLs alloyed CdSe1-xSx NPLs. It allowed us to retain NPLs 
emission sharpness and precise atomic-layer thickness control, while adjusting emission 
wavelength over a wide spectral range from 430 to 550 nm.  
Growing a shell on these objects can greatly improve their quantum yields, by passivating the 
surface of the cores. Thus, we also present different shell structures deposited on the alloyed 
CdSe1-xSx.  
 
 

 

 
(1) Murray, C. B.; Norris, D. J.; Bawendi, M. G. J. Am. Chem. Soc. 1993, 115 (19), 8706−8715. 
(2) Ithurria, S.; Dubertret, B. J. Am. Chem. Soc. 2008, 130 (49), 16504−16505. 
(3) Huang, M. H.; Cavallo, F.; Liu, F.; Lagally, M. G. Nanoscale 2011, 3 (1), 96−120. 
(4) Fan, F. et al. Nano Lett. 2015, 15, 4611-4615 
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Soft colloids have attracted a lot of interest among the scientific community due to the 
appealing perspective of studying and modelling colloidal interaction on one hand, and the 
promising outlook of designing smart materials on the other. In both cases, the research efforts 
have focused on the development of colloidal materials that easy to synthesize, stimuli 
responsive and versatile in terms of applications1. 
Here we present recent results on a new class of pH responsive soft colloidal particles - i.e. 
microgels, that can assemble through hydrophobic moieties covalently crosslinked at their 
surfaces, which are able interact through short range attractive forces in water. This system is 
thus a valuable candidate to explore the importance of interactions on the physics of jamming, 
when they are varied from soft repulsive to soft associative by tuning the architectural 
parameters of the particles (i.e. the crosslink density and the composition and architecture of the 
associative groups). Using linear viscoelasticity, non linear rheology, static and dynamic light 
scattering we establish the dynamical state diagram of these associative microgels. The 
comparison with purely repulsive microgels with exactly the same composition, crosslink 
density, and particle size highlights the specificities of associative microgels. In the jammed 
glass regime, attractive interactions are responsible for flow heterogeneities – a competition 
between wall slip and/or shear-banding- controlled by the strength of the attractive interactions. 
We propose a two-state model involving two characteristic time scales, which are associated to 
the relaxation of in-cage associations and cage opening, respectively. Shear banding occurs 
when the shear rate exceeds the relaxation frequency of in-cage associations which is measured 
by linear rheology and is directly related to the characteristics of the hydrophobic groups. These 
results establish a link between the strength of short-range attractions and macroscopic flow 
instabilities.  
 
 

 

1. M. Cloitre, D. Vlassopoulos, Curr. Opin. on Coll.& Int. Sci. 19 (2014) 561-574                   
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With the development of nanotechnologies in the past 20 years, a large variety of inorganic 
nanoparticles such as oxides MxOy or sulfides MxSy were synthesized using soft chemistry 
(typically in water or organic solvents, and below 400 °C). Oxysulfide materials MxOySz, in 
which the sulfur atoms are reduced (S2-), are harder to reach in these conditions because of 
preferential affinity of the metal for one anion compared to the other. Nevertheless, Ln2O2S 
nanoparticles (Ln = lanthanide, structure on Figure A) were found to form by reacting 
LnIII(acac)3 and elemental sulfur at 310 °C . For example, the versatile colloidal synthesis of 
Ding et al led to several Ln2O2S nanoparticles (Ln = Y, La, Pr, Nd, Sm, Eu, Gd, Tb).1 
Yet, Ce2O2S nanoparticles were never reported. The interest of cerium lies in its unique 
electronic properties in the lanthanide series (Ce2O2S is the only one with a low band-gap). 
Using in situ spectroscopy at synchrotron SOLEIL, we showed that failure of previous 
syntheses was due to the swift oxidation of CeIII to CeIV in air and water. By isolating the 
nanoparticles under air-free conditions, we obtained Ce2O2S as a pure phase.2 Moreover, we 
prepared new bimetallic nanoplates of Gd2(1-y)Ce2yO2S, stable in air up to y = 80 % (Figure B), 
because Gd stays at oxidation III and helps to prevent the nanoparticle’s oxidation. Lastly, 
varying the CeIII/GdIII enabled us to tune the nanoparticles’ band-gap over a wide range (Figure 
C) while keeping a similar crystalline structure. 

 
(A) Gd2O2S structure. (B) Hexagonal nanoplates of Gd1.25Ce0.75O2S as seen from the top and the side. (C) 
Evolution of the light absorption along the Gd2(1-y)Ce2yO2S nanoparticles series. 

(1)  Ding, Y.; Gu, J.; Ke, J.; Zhang, Y. W.; Yan, C. H. Angew. Chemie - Int. Ed. 2011, 50 (51), 12330. 
(2)  Larquet, C.; Nguyen, A.-M.; Ávila-Gutiérrez, M.; Tinat, L.; Lassalle-Kaiser, B.; Gallet, J.-J.; Bournel, F.; 

Gauzzi, A.; Sanchez, C.; Carenco, S. Inorg. Chem. 2017, 56 (22), 14227. 
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Gypsum (CaSO4-2H2O) can be heated at 80-200°C to lose part of its water content and turn into 
bassanite (CaSO4-0.5H2O), which in turns readily dissolves in water and precipitates Gypsum : 
this cycle forms the basis of plasters manufacture and is simple in its ideal form.  
 
Practical manufacture of plaster however is severely complicated by of phases that appear when 
gypsum is overheated in the calcination stage, as well as by the microstrucures that depend on 
the conditions of elaboration and affect reactivity of the bassanite powder as well as the 
properties of set plaster.  
 
The goal of this PhD is to try to understand better the relashionship between elaboration 
conditions and microstructures on scales ranging from the atomic defects in crystals up to 
micrometric porosity through the use of powder X-ray diffraction, electronic microscopy and X-
ray microtomography. 
 
In addition to this fundamental part, applications are sought in two fields : the optimisation of 
industrial processes (with partner Saint-Gobain Recherche) and the study of cultural heritage, 
with a focus on XVth century Florentine Stucco works kept in museum collections. 
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      Vertebrate skeletons, i.e. bones and teeth, consist of composite materials containing 
a mineral component and a fraction of organic and water molecules. The inorganic 
component is usually described as nanocrystalline carbonate-bearing hydroxylapatite 
(Ca5(PO4)3OH). The stable isotope composition of fossil remains of vertebrates, 
particularly the composition (δ13C, δ18O) of structural carbonate groups in apatite, is an 
important geochemical marker used to infer past climates, biomineralization processes, 
dietary preferences and habitat of vertebrates. However an important limit for successful 
palaeoenvironmental and palaeoclimatic studies based on stable isotope analysis of 
fossils is the preservation of the isotopic composition in biogenic apatites. Fossil 
apatites generally exhibit an overall decrease in carbonate content, enrichment in 
fluorine, incorporation of trace elements and an increase in crystallinity. Detailed 
understanding of these transformations induced by fossilisation is thus required to 
improve the interpretation of isotopic records in apatites.  
      In this contribution, we use vibrational (ATR-FTIR, RAMAN) and solid-state NMR 
spectroscopies to investigate the crystal-chemical transformations, and more specifically 
the environment of carbonate groups and fluoridation mechanisms, in both fossil bones 
from the Bolt’s Farm fossiliferous area (Cradle of Humankind, South Africa) and 
modern bio-apatites altered under controlled conditions. Experimental observations are 
interpreted in terms of structural changes at the atomic and mesoscopic scale of 
materials, through modelling of ATR-FTIR spectra based on an effective medium 
approach1,2 and DFT calculations of the theoretical equilibrium isotopic fractionation 
properties of apatite3. Based on the combined experimental and theoretical results, we 
discuss the fluoride incorporation mechanisms and their implications for reconstructions 
based on the isotopic composition of apatite carbonates. 
 
 
 

 

1. Aufort J., Ségalen L., Gervais C., Brouder C., Balan E. Physics and Chemistry of Minerals 43 (2016) 615-626. 
Authors, Journal number (year) page          
2. Aufort J., Lebon M., Gallet X., Ségalen L., Gervais C., Brouder C., Balan E. American Mineralogist (2018) in 
press DOI:10.2138/am-2018-6320CCBYNCND 
3. Aufort J., Ségalen L., Gervais C., Paulatto L., Blanchard M., Balan E. Geochimica et Cosmochimica Acta 219 
(2017) 57-73 
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Low-alloy ferritic steel is widely used for pressure vessels fabrication in European nuclear 
reactors. It is mandatory to ensure its integrity during the reactor operational lifetime, including 
normal and up normal conditions. Due to continuous neutronic irradiation, radiation-induced 
defects are nucleated in steel. Such defects have a major influence on the mechanical properties, 
for example, a significant increase in hardening and embrittlement. 

This work is part of a quadrennial European project (SOTERIA). It aims to provide an 
assessment of ageing phenomena through a multiscale modeling approach. At the mesoscopic 
scale, dislocation dynamics (DD) is an important tool to provide the link between atomistic and 
macroscopic scales. This study is done using a three-dimensional nodal DD code NUMODIS, an 
in-house code developed in CEA (Atomic Energy Commission). This simulation technique is 
based on solving set of finite elements equations describing dislocations motion in the crystal. 

At the microscopic scale, mechanical deformation of materials is related to the movement 
of dislocations. Notably, there are two types of dislocations; edge and screw. Interactions of edge 
dislocations with radiation-induced defects have been extensively studied compared to those of 
screw dislocations. The later are nevertheless of great interest, because their specific mobility has 
a significant impact on the mechanical properties of steels at low and moderate temperatures. 
Furthermore, prior molecular dynamics (MD) studies [1, 2] have shown that their interactions 
with irradiation loops lead to significant hardening. 

The ultimate objective of this PhD work is modelling the collective behavior of dislocations 
to quantify the different contributions of radiation-induced defects. Consequently, we aim to 
identify and incorporate the relevant parameters in a crystal plasticity simulation to validate our 
multiscale strategy. In order to achieve this goal, the individual dislocation-defect interactions are 
studied, and they are successfully reproduced compared to MD. 

 
 
 
 
 
 
 
 
 
 

 

1. Liu X.-Y. et Biner S.B., Scripta Materialia 1 (2008) 51-54. 
2. Terentyev, D., Bacon, D.J. et Osetsky, Yu.N. Philosophical Magazine 7-8 (2010) 1019-1033. 

Figure 1: Dislocations interacting with irradiation defects (simulation using NUMODIS). 
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Zirconium is widely used in glass ceramic as a nucleating agent. It can also enter a few specific 
glass compositions like nuclear waste insulation tank. We know that in MgO-Al2O3-SiO2-ZnO 
classical parent glass used in glass ceramic, it can generate some nanoscale phase separations 
before crystallization [1]. In that case, one phase is highly concentrated in Zr while the main 
phase is Zr-poor. This phase separated state is a precursor of the crystallization. During classical 
SiO2-Na2O-CaO-Al2O3 industrial forming glass, some Zr can leave the Zr-containing wall of 
the furnace to enter the glass structure. This Zr may generate a macroscopic glassy phase 
looking like a droplet and inducing defects on the final glass. These droplets can sometime 
crystalize to create another kind of defect. A structure study of NCAS glassy phases with 
variable amount of Zr led to understand how Zr environment impacts its crystallization. Various 
analyses have been realized (XANES,EXAFS,RMN…) to describe Zr environment from its first 
neighbors to the polymerized glass lattices in order to determine if phase separation also affects 
crystallization in this system. 
 
 

 

1. O.Dargaud, L. Cormier, Journal of Non-Crystalline Solids 358 (2012) 
 



	 51	

  

ED 397 – DOCTORAL SCHOOL DAYS 
DECEMBER 7TH & 8TH 2017 

 
PHYSICAL-CHEMISTRY  

Drop deformation in microfluidics for viscosity 
measurements 

E. André1*, N. Pannacci1, C. Dalmazzone1, A. Colin2 
1 IFP Energies nouvelles, Rueil-Malmaison, France 

2 CBI, ESPCI, CNRS UMR 8231, Paris, France 
* Corresponding author: estelle.andre@ifen.fr  

 
Keywords: Microfluidics, droplet deformation, viscosity, high-throughput 
 

Measurement of solution’s viscosity is important for a variety of areas including 
industrial, chemical and biological applications. Numerous single-phase microfluidic 
viscometers have been reported in the literature. However droplet-based microfluidics allow the 
use of much smaller volumes and especially the possibility to handle and analyze multiple 
samples at the same time and in a high throughput manner. The aim of our work is thus to 
develop a microfluidic device using droplets that can perform high-throughput measurements of 
viscosity.  

To achieve this objective, we chose to study the phenomenon of deformation and 
relaxation of a droplet at the exit of a microfluidic constriction. As the droplet exits the 
constriction, it experiences a deformation in the direction perpendicular to the flow. This 
deformation reaches a maximum before the droplet relaxes to a rest spherical shape1. The 
viscosity of the droplet phase can theoretically be extracted from two parameters, the droplet 
relaxation time and the droplet maximum deformation2. The latter is experimentally easier to 
measure and is thus the one we chose to study.  

Assuming the dimensionless numbers controlling the maximum deformation of the 
droplet are the capillary number, a geometrical number and the viscosity ratio, no overall 
scaling relationship was found when the droplet is confined. However, when the droplet is 
unconfined, all data collapse on a master curve. A measurement of the droplet viscosity can thus 
be achieved. The calibration of the power law was achieved on silicone oil droplets in water-
glycerol mixtures without surfactant varying the viscosity of the two phases for viscosity ratios 
between 1 and 10 and droplet phase viscosities between 20 and 100 mPa.s. The scaling was 
found to be also valid for systems with Newtonian polymers and surfactants. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1. Brosseau, Quentin; Vrignon, Jérémy; Baret, Jean-Christophe, Soft matter, vol. 10, n° 17, (2014) p. 3066–3076 
2. Park, Sun-Young; Dimitrakopoulos, P., Soft matter, vol. 9, n° 37, (2013)  

Deformed droplet exiting a microfluidic 
constriction 
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Shape memory materials are a new class of smart materials. These materials have the ability to 
change their shape and recover their original shape upon application of an external stimulus. 
Shape memory polymers (SMPs) possess the advantages of high elastic deformation, low cost 
and have a broad range of application temperature. For these reasons, SMPs could be used in 
the automobile industry as shape memory actuator, bumper and seat fabric.  
 
Most SMPs are thermo-responsive materials. A typical shape memory cycle for a thermo-
responsive shape memory polymer is described in Figure 1.  First, stable temporary shape is 
accomplished by heating up the sample above its transition temperature (Ttrans). Then, it is 
deformed under stress and cooled below the Ttrans, maintaining the stress. Permanent shape 
recovery is accomplished by heating above Ttrans without any stress.  
SMPs properties are characterized by the rate fixity Rf which quantifies the ability to fix the 
temporary shape; the rate recovery Rr which determine the ability to recover the permanent 
shape. 
 
In this study, the goal is to synthesize shape memory hybrids and determine their thermal and 
mechanical properties. Polymers are cross-linked by inorganic component to tune 
nanostructuration and nature of the hybrid interface. Hybridation allow to modify deformation, 
to increase drastically stiffness and bring new properties such as self-healing. Basically, the use 
of an organic-inorganic hybrid material enable to obtain a custom-made material. The ultimate 
purpose is to quantify shape memory properties and compare them with the pure organic 
material.  
 

Figure 1. Schematic representation of the thermally induced shape memory effect 
 
 

 

1. Lewis, C. L.; Dell, E. M. J. Polym. Sci. 2016, 54, 1340-1364.  
2. Lenlein, A.; Kelch, S. Angew. Chem. Int. Ed. 2002, 41, 2034-2057. 
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Insulation glass wool consists of an assembly of glass fibers with micrometric diameter 
(typically 1 µm to 10 µm) arranged into a disordered intertwined structure. This structure is 
responsible for the acoustic and thermal insulation properties of glass wool.  To ensure adequate 
mechanical stiffness of glass wool panels, a polyester binder (= a highly crosslinked polymer) is 
also incorporated to create permanent joints between fibers. Currently, the correlation between 
the binder mechanics and the stiffness of glass wool panels is still unclear and impedes the 
optimization of the industrial product. One of the main limitations is the binder foamability 
coupled to its fast polymerization during its processing, preventing the fabrication of 
macroscopic samples under relevant preparation conditions. 
 
To overcome this limitation, binder samples with micrometric size (typically 10 µm) and 
controlled geometries have been prepared. The major mechanical properties have been 
measured through three micro-mechanical tests which have all been developed during the PhD. 
Elasticity and fracture properties have been characterized by tensile tests on micro fibers. 
Compression tests on micro pillars have given access to the plastic properties. Internal stresses 
in binder/glass bilayers have also been characterized by measuring the bending of the bilayer. 
Finally, the evolution of these mechanical properties has been investigated upon moist ageing 
and related to the material structure.  
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Hydrogel coatings have raised increasing interest for applications ranging from the 
functionalization of glass substrates to biomedical field. Their hydrophilic properties and their 
transparency make them suitable candidates for anti-fog coating. 
In this work, we first investigate the swelling kinetics of thin (less than 15 µm) hydrogel films 
on glass or silicon wafer surfaces which are cooled down and exposed to a controlled humid air 
flow. It sets the time for mist formation. Then, we focus on the friction properties of the swollen 
gel in relation with the water drainage out of the gel film under contact loading.  
 
Poly(PEGMA) (poly(ethylene glycol)methyl ether methacrylate) and poly(DMA) 
(dimethylacrylamide) films were crosslinked and grafted onto glass substrates using a well-
controlled thiol–ene click chemistry route.  
First, changes in the film thickness under constant humid air flow were monitored over time as a 
function of the temperature difference between the substrate and the incoming humid air flow 
using an interferometric method. Regarding the swelling kinetics, we derived a convecto-
diffusive model (Figure 1) for water vapor accounting for our observations of the film swelling 
kinetics. The role of the initial film thickness, physico-chemical polymer properties, humid air 
flow rate and of the substrate temperature is fully described within this model. This allows to 
predict the time delay for mist formation on such coatings, and thus their anti-fogging efficiency. 
In a second time, the friction properties under steady-state sliding are studied as a function of 
the load and sliding velocity. Briefly, a glass sphere was squeezed against the film and slided 
sideways while contact area and lateral forces were measured (Figure 2). We show that the 
poroelastic drainage of water out of the squeezed hydrogel film accounts for the load and 
velocity-dependence of the frictional force.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Swelling of an hydrogel thin film exposed to a humid air flow 
Figure 2: Friction of a glass lens on an hydrated hydrogel thin film in confined geometry  
 
 
 
 
1. Delavoipière J., Tran Y., Verneuil E., Chateauminois A., Soft Matter  12 (2016) 8049-8058 
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 The link between surface morphology and optical properties has been studied for a long 
time. Nowadays, the optical properties of smooth (or weakly rough) surfaces are mastered [1]. 
Yet, dealing with rough and highly rough surfaces remains a not so easy task. Two kinds of 
approaches allow for theoretical description of the light scattering from rough surface: 
geometrical optics and physical optics. In all, there are several different groups of models, 
varying in the ranges of applicability, amount of computational time and the facility of 
comparison with macroscopic optical experimental data. In order to test the limitations of those 
models, their predictions must be confronted to experimental data on rough surfaces with large 
set of statistical parameters (roughness and correlation length etc.). 
 
 In order to perform this confrontation, we realized a complete morphological and 
optical study of rough surfaces. The surface topography can thereby be characterized at the 
nanometric scale with an Atomic Force Microscope, and at the micrometric scale with contact 
profilometer or an optical profilometer (based on confocal microscopy), as presented on Fig.1. 
Then, the optical characterization can be realized with simple setups as glossmeter or hazemeter 
for quick evaluation of integral optical properties (gloss and haze), and also with more complex 
facilities like goniospectrophotometer, see Fig.2 (distribution of scattered light in 3D) and 
spectrophotometer (spectral properties of diffused light).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

[1]   A. Duparré, J. Ferre-Borrull, S. Gliech, G. Notni, J. Steinert, and J. M. Bennett, “Surface characterization 
techniques for determining the root-mean-square roughness and power spectral densities of optical components,” 
Appl. Opt., vol. 41, no. 1, pp. 154–171, Jan. 2002. 
 

Figure 1 Surface topography measured with an 
optical profilometer 

Figure 1 3D distribution of the reflected light 
measured with a goniopectrophotometer 
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 Solar photovoltaic (PV) has the largest growth among all the renewable energy with 
303 GW installed worldwide at the end of 20161. The solar PV panels harvest the solar light and 
convert it directly into electricity using the photoelectric effect discovered by Edmond 
Becquerel. Aside from the crystalline silicon technologies, thin film technologies solar cells 
attract interests from researchers and industries for reducing both the amount of materials 
needed and the manufacturing cost. Cu(In,Ga)(S,Se)2 (CIGS)-based thin film solar cells is 
considered as one of the most promising PV technology, with the champion cell having a record 
efficiency of 22,6%2. Yet it is made of scarce and costly raw materials such as In, Ga and Se. 
That is why making thinner CIGS solar cells has been the goal for several projects3,4,5. Moreover, 
the stack of solar cell is composed of several layers (see figure 1) deposited by various 
techniques, such as sputtering, chemical bath, co-evaporation or atomic layer deposition (ALD) 
making it difficult and costly to be manufactured. ALD is a thin-film deposition technique based 
on self-saturated surface chemical reactions produced by a sequential gas injection in a heated 
reactor under vacuum (see figure 2)6. It leads to the control of the thickness with a precision as 
low as the nanometer scale. Besides it produces uniform and conformal films. The abilities of 
ALD to be used for depositing all the layers of the CIGS solar cell stack7,8,9,10, and its industrial 
potential have been evidenced11. Our project aims to synthesize the three top layers: absorber, 
buffer layer and window layer by ALD and to combine them in order to create a working solar 
cell. Depositing the quaternary material CIGS by ALD is very challenging and has never been 
demonstrated. One step to reach this goal is to work on the synthesis of the ternary material 
CuInS2. We provide an insight into the first result of a CIGS-type working cell with 4 layers 
over five: CuInS2/In2S3/i:ZnO/ZnO:Al deposited by ALD. 

  
Figure 1 - CIGS solar cell stack and CIS stack 

alternative. 
Figure 2 – Atomic Layer Deposition (ALD) cycle for 

depositing a binary material.  
 

1. International Energy Agency, REN21 (2017). 
2. T. Feurer and al., Prog. Photovolt: Res. Appl. (2016).  
3. H2020 European project: ARCIGS-M, https://www.arcigs-m.eu/.  
5. F. Mollica, PhD thesis at Pierre and Marie Curie University – ED 397 (2016). 
6. J. Bachmann, Atomic Layer Deposition in Energy Conversion Applications, Wiley-VCH (2017). 
7. P. Genevée, PhD thesis at Pierre and Marie Curie University – ED 397 (2012). 
8. C. Bugot, PhD thesis at Pierre and Marie Curie University – ED 397 (2015). 
9. N. Schneider and al., Nanotechnology vol 26 n°5 (2015) 054001. 
10. L. Duclaux and al., Thin Solid Films 594 (2015) 232-37. 
11. P. Poodt and al., J. Vac. Sci. Technol. A 30 (2012) 010802.  
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Low valence oxides of transition metals such as titanium or vanadium are intensively studied 
since these materials show high electronic conductivity, interesting metal-to-insulator 
transitions, optical, catalytic as well as thermoelectric energy conversion properties.(1) Among 
them are Magnéli phases: a family of mixed valence titanium oxides (Ti4+/Ti3+) discovered in 
1956 which structure derives from TiO2 rutile.(2) These oxides are conductive due to electron 
hopping between Ti4+ and Ti3+ sites, and stable towards highly acidic or alkaline media. These 
properties make them very interesting candidates for electrocatalytic processes. This is the case 
of Ti4O7 that is studied for oxygen reduction reaction.(3) Other potential applications are 
pollutant oxidation for water remediation and electrodes for Li-S batteries.(1,4) These 
applications of Magnéli phases should strongly benefit from nanostructuring, especially the 
synthesis of nanoparticles with high surface-to-volume ratio. However usual methods to obtain 
such oxides such as carboreduction or reduction by hydrogen rely on high temperatures, which 
leads to sintering and crystal growth.(1) As a consequence nanostructures are very difficult to 
reach and the literature on this type of oxides at nanoscale is scarce.(5,6) 
In this presentation we will show a simple one pot pathway at 600 °C using molten salts as a 
solvent to enable selective reduction of TiO2 by hydrides to form Magnéli phases. This pathway 
leads to low valence titanium oxide nanoparticles such as the Magnéli phase Ti4O7 (Figure 1). It 
also offers a relative control over the titanium oxidation state. Some insights into the reaction 
mechanism will be presented. 
 

 
 

Figure 1 TEM picture of Ti4O7 nanoparticles synthesized in a eutectic molten salts 
 
 

 

1. L. Chen, X. Lui, L. Yu, P.Y. Mao, Science 331 (2011) 746 
2. S. Andersson, B. Collén, U. Kuylenstierna, A. Magnéli, Acta Chemica. Scandinavia 11 (1957) 1641 
3. X. Li, A. Li Zhu, W. Qu, H. Wang, R. Hui, L. Zhang, J. Zhang Electrochimica Acta 55 (2010) 5891. 
4. Q. Pang, D. Kundu, M. Cuisinier, L.F. Nazar Nature communication 5, (2014) 4759 
5. D. Portehault, V.Maneeratana, C. Candolfi, N. Oeschler, I. Veremchuk, Y. Grin, C. Sanchez, and M. Antonietti 
ACS Nano  5 (2011) 9052 
6. V. Maneeratana, D. Portehault, J. Chaste, D. Mailly, M. Antonietti and C. Sanchez Advanced Materials 17 (2014) 
2609 
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Aim: To reinforce hydrogels mechanical properties by introducing purely organic 
nanocomposites as thermoreversible physical crosslinks into covalent 3D network. 

By covalently crosslinking water-soluble polymers, soft elastic materials with defined shape can 
be designed displaying very interesting swelling and sieving properties. They are actually 
involved in many applications such as superabsorbents or scaffolds for tissue engineering. 
However, an important issue with hydrogels is that these elastic materials are generally brittle. 
An interesting way investigated to reinforce the mechanical properties of hydrogels is to 
introduce physical interactions into a hydrophilic covalent 3D-network [13]. To this extent, 
thermoresponsive polymers, leading to both hydrophobic interactions and H-bonds, have been 
used to design original networks where the physical interactions can easily be switched “on/off” 
by temperature [4-6]. Such innovative hydrogels, designed with a 3D hydrophilic network 
grafted with macromolecular side-chains exhibiting a Lower Critical Solution Temperature 
(LCST) in aqueous media (or reverse topology), have shown a dramatic and reversible 
enhancement of their mechanical properties upon heating. The reinforcement mechanism is 
attributed to the phase separation process of the thermoresponsive polymer leading to the 
formation of purely organic nanocomposites while the water-soluble macromolecular 
counterpart allows the hydrogel to keep its volume integrity at macroscopic scale above the 
LCST [5, 6] (see Fig. 1). 

Based on this strategy, new hydrogels made from two polymers exhibiting opposite 
thermoresponsive behaviors, LCST and UCST (Upper Critical Solution Temperature), were 
designed. With this approach, the elaborated hydrogels demonstrate a reversible double thermo-
responsive phase transition both at low and high temperature thereby modifying their swelling, 
rheological and mechanical properties. These novel hydrogels pave the way for the use of 
thermoresponsive hydrogels in a broad range of temperature. Modifications of the hydrogel 
topology, performed by changing the average molar mass of the thermoresponsive polymer 
grafts and the grafting or crosslinking density while keeping the same hydrophilic covalent 
network, were also investigated. Those different parameters are varied in order to better 
understand the stucture/properties relationships of these new hydrogels with temperature. They 
especially influence the size of the thermoreversible purely organic nanocomposites induced by 
phase separation of the thermoresponsive part which enhances their mechanical properties. 

Figure 1: Thermoresponsive polymer network exhibiting Lower Critical Solution Temperature [4] 

 

1. G. Miquelard-Garnier; S. Demoures; C. Creton; D. Hourdet; Macromolecules, 2006, 39 (23), 8128-8139 
2.  D. Tuncaboylu; M. Sari; W. Oppermann; O. Okay; Macromolecules, 2011, 44 (12), 4997-5005 
3.  S. Rose; A. Dizeux; T. Narita; D. Hourdet; A. Marcellan; Macromolecules, 2013, 46, 4095-4104 
4.  H. Guo; A. Brûlet; PR. Rajamohanan; A. Marcellan; N. Sanson; D. Hourdet; Polymer, 2015, 60, 164-175 
5.  H. Guo; N. Sanson; D. Hourdet; A. Marcellan; Advanced materials, 2016, 28 (28), 5857-5864 
6.  H. Guo; C. Mussault; A. Brûlet; A. Marcellan; D. Hourdet; N. Sanson; Macromolecules, 2016, 49 (11), 4295-4306 
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In case of acute irradiations localized to hands, it is usually difficult to estimate the 
received dose. Up to now, only EPR analysis of amputated bone phalanx could provide this 
information, but with a limited field of application. As this typology of accidents is the most 
frequent, new alternative method of dose evaluation are investigated to permit an initial and 
rapid dose estimation based of none or minimally-invasive method.  Fingernails, because they 
are easily collect and can provide cartography of the dose on hands, are studied as a new bio-
dosimeter.  

While this approach has many advantages, e.g ease of sampling, signal stability and the 
ability to map the absorbed dose at the extremities, the analysis of EPR spectra is very complex 
and many parameters affect both the production and the stability of the measured radicals. 
Indeed, the EPR spectra of irradiated nails sample have two identical features but of different 
origin: an endogenous signal (named as BKS) which is affected by humidity and highly variable 
from one individual to another, and a radio-induced signal (RIS) which is stable but with low 
signal intensity. Therefore, the challenge lies in the characterization of the chemical entities 
associated with the two signals in order to develop methods for segregating the different 
components of the spectrum and extract dosimetric information. 

Up to now, the radical nature of the BKS and the RIS was not confirmed. Several 
chemical experiments coupled with numerical simulations have been realized and now support 
the hypothesis that they both come from the same paramagnetic species: an o-semi-quinone 
anion radical formed from tyrosine, a common amino acid found in human nails. 

Moreover, a study on the variability of the BKS between individuals and with external 
parameters such as moisture content, UV exposure or temperature has also been realized in 
order to discriminate it from the RIS. Because of the large variability of the BKS in intensity 
between individuals up to 60%, it wouldn’t be reliable to subtract an averaged BKS intensity to 
the total intensity in order to extract the radio induced signal of interest.  Investigations are still 
performed with the aim of discriminating BKS from the RIS. 

Finally, in order to diminish uncertainties associated to variables of interest (such as 
intensities, peak to peak amplitudes...) and then, the estimated doses, we are developing with 
researchers from Chimie Paris Tech a new way of treating EPR spectra combining both Fourier 
Transforms with Chebyshev polynomial sampling. Very promising results have already been 
obtained. After a fully noise characterization of the EPR spectrometer, we are able now to 
reduce properly noise on EPR experimental data and then to get more precise variables of 
interest. 
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GaAs-based solar cells are currently the most efficient single junction solar cell in (28.8%)1. 
However, the limiting factor for the spreading of this technology is the high cost of the III-V 
substrate. Out of the volume of a III-V wafer only the final micron is useful for the actual device 
fabrication or epitaxy. The rest plays no other role than mechanical support while it has the same 
purity and cost. We investigate the potential of a low-temperature technique to obtain thin (~20 
nm) mono-crystalline patches of germanium on glass (thermal silica/fused silica), based on the 
peculiar crystallization properties of Al/Ge bilayers. The presence of Al next to amorphous Ge 
material substantially lower the Ge crystallization temperature from ~500°C down to ~250°C2. 
Several parameters impact the final Ge crystal texture and crystallinity quality including 
annealing temperature, layer thicknesses and the GeOx/AlOx diffusion barrier between the two 
layers. By using in-situ optical and TEM characterization we identify the desired Aluminium-
induced crystallization process3 (111-oriented) and some competing parasitic crystallization (poor 
crystal texture), see Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. TEM cross-section and top view optical image of the Al/Ge bilayer after crystallization 
showing the standard MIC (blue) and parasitic MIC (red) structures, from. 
 
In parallel, we also study the epitaxy of GaAs layer on conventional 111-oriented Ge wafers by 
molecular beam epitaxy. Here the 111-orientation should help to avoid the formation of anti-
phase domain. However rotational twins are still possible4, but preliminary result shows that large 
defect-free area can be obtained by using the appropriate growth conditions. 
 
 
(1)  Green M. A., Emery K., Hishikawa H., Warta W. and Dunlop E. D., Prog. Photovolt Res. Appl. (2017) 25 
(2)  Knaepen W., Gaudet S., Detavernier C., Van Meirhaeghe R. L., Sweet J. J., Lavoie C., J. Appl. Phys. (2009) 

105 3-13. 
(3)  Pelati D., Patriarche G., Mauguin O., Largeau L., Brisset F., Glas F., Oehler F., Cryst. Growth Des. (2017) 

17 5783–5789. 
(4)  Koppka, C., Paszuk, A., Steidl, M., Supplie, O., Kleinschmidt, P., Hannappel, T., Cryst. Growth Des. (2016) 

16  6208–6213. 
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Stained glasses are amongst the most impressive artworks from Middle Age in Western Europe 
and are a crucial component of the magic of the great gothic cathedrals, thanks to the variety of 
colours they display. The process of colouration of medieval glasses has still not be completely 
unveiled, especially for colours like yellow and purple. [1] Moreover, most of the stained-glass 
windows exposed in today’s cathedrals have been more-or-less heavily restored and thus 
contains pieces of glass which may be much younger. The study of the medieval glasses is not 
facilitated by the ban of any destructive analysis. We developed a special device which allows 
quick optical spectroscopy and colour measures on stained-glass windows without any handling 
of the artwork [2]. We used this device on the Grande Rose of the Reims Cathedral, which 
allowed us to compare the colouring process and the resulting colour of medieval glass with 
those of modern restoration glass. This can prove useful for later determination of authenticity 
on other corpus. Together with PIXE and XANES, we studied also a set of medieval characters’ 
faces which had been stolen from various French cathedrals in the 19th century. Through the 
determination of oxido-reduction state of manganese and iron in the glass, we are able to 
explore the medieval techniques for obtaining the purple colour in glasses. 
 

 
 

Figure 1: Studied panels in the Grande Rose of Reims 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Example of a medieval stained-glass face 

 
 

 

1. Hunault, M. et al., J. of the American Ceramic Society 100, no 6 (2017) 2363-67. 
2. Hunault, M. et al., Applied Spectroscopy 70, no 5 (2016) 778-84. 
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Over their lifetime, polymers suffer from damages, such as cracking or scratching, which lead to 
a change of appearance and a loss of functionality and mechanical properties. Many strategies 
have been developed to increase the materials service life. One of them is a class of smart 
materials, the self-healing materials. It is well known now that covalent or supramolecular 
bonds reversibility allows materials to show some unusual properties like the ability to self-heal 
or to heal upon application of an external stimulus. 
 
Hybrid materials are composites with an organic and an inorganic components in which at least 
one of them has at least one dimension of the order of nanometers. The important parameters 
are the amount and the chemical nature of organic/inorganic interface which brings about 
enhanced and tuned mechanical properties and unusual properties. For example, hybrid 
materials can reach some attractive applications, like impact detection, anti-fogging, anti-
adhesion… Moreover, coordinative chemistry, dealing with polymers and metallic cations, 
offers both advantages: versatility of complexing function in polymers and wealth of properties 
thanks to metallic cations (photochromism, oxydoreduction…). 
 
This study aims to synthesize healing hybrid materials, based on polyurethane macromolecular 
chains crosslinked by an inorganic component. The reversibility of the bonds at the hybrid 
interface brings dynamics in the material and, consequently, ability to heal itself upon an 
increase of temperature. Moreover, the ability of the network to rearrange by bonds re-
distribution without any loss of its integrity leads to thermoforming materials. The thesis 
purposes are not only to observe healing and thermoforming abilities, but also to quantify them 
and to explain how dynamics works in these materials. 
 
 
 
 
 
 
 
 
 
 

Figure 1: Scratch before thermal treatment (a) and after thermal treatment (b) 
 
 
 

 

1. W. Hayes, B. W. Greenland, Healable Polymer Systems, Royal Society of Chemistry (2013) 
2. W. Denissen, J. M. Winne, F.E. Du Prez, Chem. Sci. 7 (2016) 30 
3. D. Montarnal, M. Capelot, F. Tournilhac, L. Leibler, Science 334 (2011) 965  

a) b) 
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We developed an innovative method combining the self-assembled properties of organic 
amphiphilic molecules and the metal reduction induced by water radiolysis to form nano-objects 
with adjustable shapes and functionalities [1, 2, 3, 4]. The different shapes are obtained by using 
the organic structures as molds, which are covered by a metallic layer of nanometric thickness. 
In order to obtain more complex shape and elaborate mixed nanostructures we enlarged the 
mold to neutral-charged diblock copolymers. PS-b-PDMAEMA positively charged PDMAEMA 
block combined with a polystyrene hydrophobic block provided a good study system combined 
with negatively charged AuCl4

- ions allowing us to produce gold nanoparticules embedded in 
the organic mold as a hybrid system of interest. 
We studied this copolymer/gold ions system in 2 geometries. First a copolymer monolayer at 
the air-water interface enabling the formation of adsorbed monodisperse nanoparticle. We also 
used this system as frozen micelle which allowed the formation of hybrid micelle with gold 
nanoparticle in the corona or gold nanoshell around the copolymer frozen micelle. We will 
present some of the structure formed. 
 

 
[1]  F. Muller, P. Fontaine, S. Rémita, M.-C. Fauré, E. Lacaze, M. Goldmann Langmuir 20, 4791 (2004). 
 
[2]  P. Fontaine, M.-C. Fauré, S. Rémita, F. Muller, M. Goldmann, Eur. Phys. J. Special 
 
Topics 167, 157 (2009). 
 
[3]  S. Remita, P. Fontaine, C. Rochas, F. Muller, M. Goldmann, Eur. Phys. J. D, 34, 231 (2005). 
 
[4]  S. Mukherjee, M.-C. Fauré, M. Goldmann and P. Fontaine, Beilstein J. Nanotechnol., 6, (2015) 2406-2411. 
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Metallic  alloys  developed  for  structural  applications  are  multiphase  materials.  The
spatial  arrangement  of  the  phase  domains,  called  microstructure,  strongly  impacts  the
mechanical properties of these alloys. A proper understanding of how microstructures evolve is
helpful in order to control them through thermal and thermo-mechanical treatments. The present
work is devoted to Widmanstätten microstructures because of their known negative impact on
resistance  to  fatigue.  These  microstructures,  consisting  in  acicular  precipitates  growing  in
colonies  (Fig.  1a),  are  observed in  many metallic  alloys  (Ti  alloys,  brass,  steels  ...).  Their
formation,  and  in  particular  the  precipitate  growth  at  constant  velocity  (in  isothermal
conditions), is singular for a diffusion controlled phase transformation.

Despite several analysis, the mechanisms responsible for this growth mode are not fully
understood. By analogy with the dendritic growth during solidification, it has often been stated
that  the  anisotropy  of  the  interface  energy  is  of  prime  importance,  in  spite  of  unrealistic
amplitudes needed to simulate any platelike growth. Recently, using a phase field approach and
2D simulations (Fig 1b), Cottura et al. [1] have shown that the anisotropy of the elastic energy
caused by the change of crystalline structure during the phase transformation is a key ingredient
to explain the acicular shape of plates and their growth kinetics. 

Along this line,  the present  work brings new insights on the Widmanstätten growth
process. First, a phase-field model coupling both chemical and elastic effects is developed to
analyse the growth of needles and plates in three dimensions. In agreement with observations
performed in several alloys, our calculations predict a lengthening at constant velocity (Fig. 1c –
green  arrows)  and  a  thickening  proportional  to  √t  (Fig.  1c  –  red  arrows).  We  have  then
examined the tip  sizes  and shapes.  For  model  cases,  we have derived a  criterion based on
elasticity  to  predict  both  the  tip  radius  and velocity,  a  prediction  that  the  classical  growth
description does not enable. The phase-field model is extended to include the plastic relaxation
that  is  expected  to  occur  when  high  transformation-induced  stresses  are  generated  in  the
microstructure.  We  show  on  specific  examples  that  plasticity  can  significantly  impact  the
growth kinetics and the size of the tip.

Fig.1 - a) SEM image of a Widmanstätten structure in a steel alloy [Cheng et al. Mater. Charact. 2009] – b) Snapshot
of a simulated growing plate  at 3 different times (in white) – c) Snapshot of a simulated growing needle at 3 different
times (in purple) 

1. M. Cottura, B. Appolaire, Y. Le Bouar, A. Finel. Acta Materialia 72 (2014) 200-210
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The Internet of Things (IoT) aims at connecting everyday physical objects into the Internet 
without any human interaction. Eliminate the batteries and the wires for providing electrical 
power to these objects is a key to success for IoT. To overcome this problem, a promising route 
is harvesting mechanical energy from ambient vibrations. One way to convert mechanical 
energy into electrical power is to use variable capacitors. A recent approach is the use of 
polymers loaded with conductive particles as a variable dielectric layer. It is necessary to finely 
control the morphology of the inner network formed by the particles within an elastic polymer. 
The aim of the present work is the development of near percolated reduced graphene oxide (r-
GO) or carbon black (BC) network within an elastic polymer matrix. Two novel emulsions 
formulations routes are employed to achieve a fine control over the structure of the materials. 
First, r-GO solution is dispersed in the continuous phase of an O/W PDMS emulsion. The r-GO 
platelets are segregated after water removal between the PDMS droplets and can form near 
percolated networks controlled by the emulsion droplets. In the second route, droplets of a BC 
solution are dispersed in a PDMS matrix. After water removal, BC is confined in the intern 
surface of pores. We have studied the dielectric properties of these two types of nanocomposites 
at rest and under deformation. In the high filler concentration situation, the values of the 
permittivity are giant. The power harvestable with the composites has been measured but 
remains still low (nW) because of high value of conductivity (higher than 10−7 S/m). But, the 
high values of piezoresistivity measured in the high filler concentration situation, open the road 
to use these materials for stress or strain sensor applications considering their giant responses to 
mechanical deformations. 
 
Giant Electrostrictive Response and Piezoresistivity of Emulsion Templated Nanocomposites, Langmuir 2017, A. 
Colin and Al 
Giant Permittivity Polymer Nanocomposites Obtained by Curing a Direct Emulsion. Langmuir 2015, A. Colin and Al 
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The lithium aluminium silicate (LAS) ternary is one of the most studied and 
commercialized glass-ceramics systems. To promote bulk crystallization, nucleating agents are 
used, such as TiO2, and ZrO2

1. P2O5 has also been shown to be effective for bulk crystallization 
of some aluminium silicate glasses2,3, but the mechanism remains unclear. 

The aim of this study is to understand the structure of aluminosilicate glasses doped 
with P2O5 and determine structural changes occurring in theses glasses during the first steps of 
crystallization. 

 
LAS glasses with 74%mol SiO2, having different Al2O3/Li2O ratios and different P2O5 

contents (0, 1 and 3%mol) were prepared by melt quenching. DSC thermal analysis and XRD 
were performed to determine the crystallization profile of the glasses.31P, 27Al, 29Si MAS-NMR 
and NMR correlation techniques were employed for structural characterization of parent glasses 
and glass-ceramics. Electron microscopies (SEM and TEM) were employed to determine 
microstructure of the glass-ceramics. 

 
We focus mainly on two compositions with low and high alumina content, and with 

1%mol P2O5. 27Al{31P} D-HMQC (Dipolar Hetero-nuclear Multiple-Quantum Coherence) NMR 
technique was performed to determine spatial proximities between the two nuclei on parent 
glasses. While they reveal presence of Al(IV)-PO4 complexes in both glasses, structural model 
of the entities seems different.31P MAS-NMR of the glass and glass-ceramics shows differences 
with the thermal treatment. In particular, modifications around phosphorus environment prior to 
crystallization have been observed, with apparition of a “disordered Li3PO4” species. This 
suggests reorganization that cannot only be due to glass relaxation. We observe the formation of 
Li3PO4 crystals concomitant with crystallization of the first appearing phases (lithium disilicate 
and metasilicate). At high alumina content, the phosphorus environment is not significantly 
modified prior crystallization of a lithium aluminium silicate E-quartz type phase. 

 
These results show that phosphorous acts differently on the nucleation process 

depending on the Al2O3 content, due to phosphorus-aluminium interactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 

   

1. Höland W., Beall G.H. “Glass-ceramic technology” (2012)  
2. Bischoff C., Eckert E., Apel E., Rheinberger V. M., Höland W., Phys. Chem. Chem. Phys., 13 (2010) 4540-4551 
3. Huang S., Zujovic Z., Huang W., Gao W., Cao P. J. Non-Cryst. Solids, 457 (2017) 65-72  
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Gold nanoparticles are very interesting materials because of their plasmonic properties. It is also

well  known  that  when  gold  nanoparticles  are  close  enough,  the  electromagnetic  coupling

happening modifies the plasmonic properties. This is the reason why more and more research

focuses  on  controlling  the  self-assembly  of  nanoparticles.  Liquid  crystals  are  very  good

candidates for this purpose since they usually contain disordered areas called topological defects

which can be used for nanoparticle  trapping. In  this  work we combined gold nanoparticles

(diameter ~ 6 nm) to a smectic liquid crystal structure called “oily streaks” 1 (Figure 1) made of

arrays of parallel dislocation lines (linear defects).

Figure 1. a) Optical microscope image of the oily streaks (scale bar : 7,5 µm). b) Full model of

the structure of oily streaks, presented in side-view in the plane perpendicular to the

hemicylinders axis. Blue line : curvature wall, red dotted lines : rotating grain boundaries, green

area : central defect, red and blue dots : dislocations lines parallel to the hemicylinders axis

Measurements of the plasmon resonance of the gold nanospheres indicate that they form chains

parallel to the direction of the dislocation lines, in agreement with a traping phenomenon of the

nanoparticles by the dislocations2. We also show that it is possible to modify this organization

by increasing the concentration of nanoparticules or by heating treatment. 

1. Coursault, D. ; Zappone, B. ; Coati, A. ; Boulaoued, A. ; Pelliser, L. ; Limagne, D. ; Boudet, N. ; Ibrahim, B. H. ;

de Martino, A. ; Alba, M. ; Goldmann, M. ; Garreau, Y. ; Gallas, B. ;Lacaze, E. SoftMatter, 2016, 12, 678.

2. Coursault, D. ; Grand J. ; Zappone, B. ; Ayeb, H. ; Lévi, G. ; Félidj, N. ; Lacaze, E. Adv. Mater. 2012.

a) b)
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Currently, some colloïdal nanocrystals such as PbS or CIS (copper indium sulfur) are promising 
candidates for IR imaging because of ease of size control. However, these materials have 
extremely broad luminescence features1 (>100 nm). Two-dimensional semiconductors 
nanoplatelets (NPLs) recently developed2 provide a great control of the optical features for 
cadmium chalcogenide nanocrystals in UV-visible. Consequently, 2D mercury chalcogenides 
nanoplatelets are considered as colloidal nanocrystals absorbing in near infrared. However these 
materials can not directly be obtained from a single step synthesis, thus cation exchange appears 
as an alternative solution to make these materials3. CdTe NPLs are used as initial nanocrystals 
and the cation exchange is performed with bulky mercury amine complex. HgTe NPLs present 
exceptionally narrow near IR optical feature (57 meV for an emission around 890 nm) and an 
emission quantum yield in the order of 10%. We demonstrated by EDX analysis that the 
exchange is completed and by XRD that zinc blende structure is preserved after cation 
exchange. Owing to the strong quantum confinement in HgTe NPLs, the band edge energy can 
be tune thanks to the surface chemistry because of the partial delocalization of the wavefunction 
into the ligand shell.  
 

 
 
 

Optical density and photoluminescence of CdTe and HgTe after cation exchange 
 
 
 
 
 

1. Li, L. et al. Efficient synthesis of highly luminescent copper indium sulfide-based core/shell nanocrystals with 
surprisingly long-lived emission. J. Am. Chem. Soc. 133, 1176–1179 (2011) 
2. Lhuillier, E. et al. Two-Dimensional colloidal metal chalcogenides semiconductors: Synthesis, spectroscopy, and 
applications. Acc. Chem. Res. 48, 22–30 (2015) 
3. Rivest, J. & Jain, P. Cation exchange on the nanoscale: an emerging technique for new material synthesis, device 
fabrication, and chemical sensing, Chem. Soc. Rev., 42, 89-96 (2013) 
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Increases in energy demands, together with the rise in atmospheric CO2 concentration, 
have stimulated the on-going search for renewable energy technologies. So far several 
electrochemical storage systems like batteries have been developed aiming to reduce the global 
reliance on fossil fuels so as to decrease CO2 emission. Nevertheless, not only our production of 
CO2 must be decreased, but the atmospheric CO2 concentration must be mitigated back to pre-
industrial level. For that purpose, CO2 capture and sequestration process are rather critical. 
Within this context, a novel concept of battery system, Li-CO2 battery, was proposed with the 
potential not just to sequester CO2, but also to transform this detrimental greenhouse gas to 
value-added energy product.1, 2 However, to activate CO2 in such system is a very challenging 
task, since CO2 is thermodynamically stable. The direct electrochemical reduction of CO2 
requires highly negative potential, which limits the energy efficiency of Li-CO2 battery as well 
as induces copious parasitic reactions with electrolyte. This talk will describe two strategies 
envisaged to achieve CO2 activation in Li-CO2 battery with minor electrolyte degradation. Besides, 
the potentiality of Li-CO2 battery will be rationalized.3 
  
 
1. Kensuke T. et al. Chem. Commun. 2011, 47, 3463-3465 
2. Shaomao X. et al. RSC Adv. 2013, 3, 6656 
3. Wei Y. et al. J. Phys. Chem. Lett. 2017, 8, 214−222 
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Localised Surface Plasmon Resonance (LSPR) is a collective oscillation of conduction 
electrons at the surface of metal nanoparticles. In the case of noble metals, this resonance is 
located from near infrared to near ultraviolet. It is dependent on the metal used, the 
nanoparticles’ shapes and their environment. The LSPR in a nanoparticle exhibits an enhanced 
electric field in its surroundings, making the LSPR very sensitive to possible molecular or ionic 
adsorption. This modification of the nanoparticle’s surface leads to a shift in the resonance, and 
is the basis for LSPR sensing.  

In a number of experimental or theoretical investigations, strong efforts are made to 
increase the sensitivity of these systems. All these techniques rely on the spectral measurement 
of the LSPR’s position and therefore its shift in wavelength being accurately measured. Hence, 
these methods require the use of a monochromator, limiting the sensitivity due to the intrinsic 
resolution limitations of these apparatus (between 1 nm to 0.01 nm for the more accurate 
systems), as well as the integration of such sensors and increase in cost. 

In order to greatly increase the sensitivity of such measurements as well as reducing the 
bulkiness of the equipment, an alternative method was used which improves on the stability, 
sensitivity and reproducibility. This was achieved not by measuring the shift of the LSPR but 
instead by focusing solely on the change in signal intensity at a given wavelength. Indeed, 
anisotropic samples formed either with anisotropic nanoparticles or anisotropically organised 
nanoparticles exhibit a LSPR for each symmetry. Reflectance Anisotropy Spectroscopy (RAS) 
was used for measuring the anisotropy of the two plasmon resonances. This differential 
technique has proven to be very sensitive and has been used mainly for investigating optical 
surface anisotropies and anisotropic metallic nanoparticles deposited on surfaces.  

The detection of dihydrogen in argon was studied on anisotropic gold samples. Firstly, 
gold samples were exposed to cycles of these two gases in order to investigate the interaction of 
dihydrogen with gold. In spite of the inertness of the bulk metal, our results show that a small 
amount of dihydrogen does adsorb on the nanoparticles. This leads to a slight red shift of the 
LSPR due to the charge transfers between the metal and the adsorbed gas, that we tentatively 
estimate. Secondly, palladium nanoparticles were added on top of the gold. The use of this 
chemical probe, specific to dihydrogen, greatly increases the optical response of the gold 
nanoparticles which act as the plasmonic transducer. Thanks to the use of the anisotropic 
properties of the sample and the method of measurement, much smaller quantities of gas could 
be detected compared to conventional techniques.[1] 
 
 
 

 

1. Watkins, W. L., & Borensztein, Y., Mechanism of hydrogen adsorption on gold nanoparticles and charge transfer 
probed by anisotropic surface plasmon resonance, Phys. Chem. Chem. Phys., (2017),19, 27397-27405 
 


