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Lecture 1

Challenges and prospects in luminescent materials for scintillation and
optical bioimaging
Bruno Viana IRCP Chimie-ParisTech, Paris, France

Abstract
In medical imaging, the development of luminescent materials in various shapes (from single crystals to
nanoparticles) requires perfect materials with high fluorescence intensity but also with careful control of the defects
which could affect the kinetic of the luminescence. For instance, afterglow should be avoided in the scintillator
crystals in order to obtain clear and fast images in widely developed PET scan imaging and CT tomography
(gamma rays and X-rays imaging respectively). The defects/traps must be carefully controlled to avoid room
temperature detrapping and afterglow emission which alter the images. Furthermore, on the opposite case, there is a
recent large interest for materials with long afterglow luminescence, also called persistent luminescence. Persistent
luminescence is a singular property of some materials which are able to store the excitation or light irradiation
energy at intrinsic traps or defects before slowly emitting photons within several hours. Several new applications
are envisioned with these materials such as emergency signing, luminous painting, etc. Recently this concept was
also proposed for the development of new optical imaging modalities. At nanoscale, deep red and near-infrared
persistent luminescence nanoparticles enable highly sensitive in vivo optical detection and complete avoidance of
tissue autofluorescence. Persistent luminescence can be activated in vivo through living tissues using highly
penetrating low energy photons. Surface functionalization of this photonic probe can be adjusted as well as the
wavelength of the optical stimulation to favour multiple challenging biomedical applications.
Short Biography
Bruno Viana graduated from the ENSCP in 1984 with a master degree and a PhD degree in Materials Science at
UPMC, University P&M Curie, Paris in 1987. He was laureate as CNRS researcher in 1988 and became
postdoctoral researcher at UCLA- Los Angeles USA in 1989 and at USC-Los Angeles USA in 1990 in Materials
Science and Center for Laser Studies respectively. In 2003 he became Director of Research at the French Research
council CNRS. In 2010-2013, he was at the head of the “Photonics Research Group” at the LCMCP Research
laboratory. In 2014 he became responsible of the CNRS research network CMDO+ (http://cmdo.cnrs.fr/) and was 3
months invited professor at the University de Kyoto, Japan. Since 2015 he is invited professor one month/year at
SCUT University China
Dr Bruno VIANA is currently a Senior Scientist in the Material Sciences Department (IRCP Laboratory) at the
Chimie-Paristech Institute working on the preparation and the characterization of Optical Materials for Photonics
with a particular focus on crystals for scintillation and nanomaterials for bioimaging using persistent luminescence
nanomaterials.
Dr Viana is the authors of 25 patents, has published more than 260 SCI-indexed scientific papers and several book
chapters on materials for photonics. He has also organized and chaired many conferences, workshops and
symposia. Direction/codirection of 27 Ph-D thesis. His h-index is 53 (Google Scholar).
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Lecture 2

Materials and a circular economy
Prof. Arnold TUKKER, Institute of Environmental Sciences CML, Leiden University, Netherlands

Abstract
The transition towards a more resource-efficient society is a core goal of governments in Europe and worldwide.
The European Commission recently adopted an ambitious new Circular Economy Package to boost
competitiveness, create jobs and generate sustainable growth while using primary resources more efficiently
(European Commission, 2015). Furthermore, a series of incidents in the past has shown Europe is vulnerable when
it comes down to security of supply of resources (EC, 2009; 2013, 2016). The transition towards a more resourceefficient society that has a resilient resource supply is a hence core goal of governments in Europe and worldwide.
The European Commission recently adopted an ambitious new Circular Economy Package to boost
competitiveness, create jobs and generate sustainable growth. Circular economy comprises an integral approach to
a resource efficient future, necessitating cooperation of all stakeholders along the value chain. To achieve this, the
further development of circular, service-oriented business is especially promising and will be the focus of the
proposed research. This links product and service design, supply chain management, manufacturing technologies,
product and service use, product treatment at end-of-life, and business models and strategies such as portfolio
management and branding. Simultaneously, economic, societal and environmental aspects must be taken into
account. To understand and optimally exploit the potential of a Circular Economy, not only advances in the abovementioned fields are needed, but also above all mutual understanding and interaction between the disciplines
involved. The lecture will discuss the following issues
a) The (un)likelihood that resource constraints will drive a circularity transition – challenges on the short and
long term
b) Perpetual growth versus degrowth – the rationale for starting a circularity transition now
c) Business models supporting circularity
d) Governance approaches supporting circularity
Short Bio
Arnold Tukker is since 1 October 2013 the Professor of Industrial Ecology and Scientific director of the Institute of
Environmental Sciences (CML) at Leiden University for 70% of his time. He retains a 30% position as senior
researcher at TNO, a large Dutch not for profit research organisations. Arnold set up prominent EU projects in the
field of sustainable product design (SusProNet) and sustainable consumption and production (SCORE!) and was
core member of the 10 Million Euro Dutch Knowledge Network on Sustainable System Innovations. He currently
co-ordinates a string of major programs of some 15 million Euro with some 20 key European research institutes in
the field of resource-efficiency, a.o. constructing the world’s most ambitious and detailed global
energy/resource/economic input-output databases and models (EXIOBASE). He further set up with 6 partner
universities an EU Marie Curie Innovative Training Network of 15 PhDs researching the circular economy
(Circ€uit). He authored 6 books, over 70 refereed papers and 7 special issues on sustainability research. He has
been engaged with work of the UN on the Green Economy Initiative, the Resources Panel, the Ten Year
Framework of Programs on Sustainable Consumption and Production, and Sustainable Development Goals..
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Lecture 3

Modeling Complex Materials from First Principles of Quantum
Mechanics
Alexandre Tkatchenko, University of Luxembourg, Luxembourg

Abstract
Focused developments in theoretical first-principles electronic structure methods, their implementation in userfriendly software packages, and steady advances in computational power, have brought forward a revolution in our
understanding and modeling of properties of complex materials. In this lecture, I will review the principles of
quantum-mechanical electronic structure methods and their coupling with statistical techniques that enable
modeling of static and dynamic properties of many realistic materials. After reviewing a few success stories of
first-principles modeling, I will focus on pressing challenges that lie ahead: seamless treatment of chemical
bonding and long-range van der Waals interactions, modeling of systems in complex environments (electric and
optical fields, open systems, etc.), and bridging time and length scales from materials’ elementary particles (protons
and electrons) up to materials engineering.

Short Biography
Alexandre Tkatchenko is a Professor of Theoretical Chemical Physics at the University of Luxembourg. He
obtained his bachelor degree in Computer Science and a Ph.D. in Physical Chemistry at the Universidad Autonoma
Metropolitana in Mexico City. In 2008−2010, he was an Alexander von Humboldt Fellow at the Fritz Haber
Institute (FHI) of the Max Planck Society in Berlin. Between 2011 and 2016, he led an independent research group
at FHI. Tkatchenko has given more than 180 invited talks, seminars and colloquia worldwide, published more than
110 articles in peer-reviewed academic journals (h-index=47), and serves on the editorial board of Science
Advances -- an open-access journal in the Science family. He received a number of awards, including the Gerhard
Ertl Young Investigator Award of the German Physical Society in 2011, and two flagship grants from the European
Research Council: a Starting Grant in 2011 and a Consolidator Grant in 2017. His group pushes the boundaries of
quantum mechanics, statistical mechanics, and machine learning to develop efficient methods to enable accurate
modeling of complex materials.
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Lecture 4

NanoBiomaterials for Nerve Regeneration
AP Pêgo1,2,3
(1) INEB - Instituto de Engenharia Biomédica, Universidade do Porto, Portugal
(2) i3S – Instituto de Investigação e Inovação em Saúde, Universidade do Porto, Portugal
(3) ICBAS – Instituto de Ciências Biomédicas Abel Salazar & FEUP – Faculdade de Engenharia
da Universidade do Porto, Universidade do Porto, Portugal
apego@ineb.up.pt
Abstract
The impact of a physical injury or disease on the nervous system can have devastating consequences to the
individual and most frequently significant personal, societal and economic repercussions. The poor regenerative
capacity, particularly in the case of the central nervous system, cannot be attributed to an intrinsic inability of
neurons to sprout and re-grow after injury, as these axons are able to regenerate in the presence of a permissive
growth environment. One of the challenges facing the neurosciences field is the development of effective therapies
that can spur the regenerative capacity of the nervous system based on the advances achieved in basic research.
The application of biomaterials in neurosciences has given so far a substantial contribute to the development of
implantable and interfaceable devices dedicated to the restoration of a number of neural functions. But the use of
biomaterials in the context of nervous system regenerative medicine is still in its infancy. We have been dedicated
to using nano-enabled solutions to the design of new therapeutic approaches towards the enhancement of the
process of nerve regeneration.
Two main strategies are being followed and will be discussed:
- the design of biomaterial-based nanoparticles for targeted nucleic acid delivery to neurons to promote nerve
regeneration processes;
- the development of matrices designed at the nanoscale to be used in spinal cord injury treatment.
Short Bio
Ana Pêgo got her Ph.D. in Polymer Chemistry and Biomaterials from the University of Twente, the Netherlands, in
2002. In 2003 she became a researcher at INEB where she is a Principal Investigator since 2012. She is the
Coordinator of the nBTT - nanoBiomaterials for Targeted Therapies Group and leader of the nanoBiomaterials for
Neurosciences team. By using nanomedicine strategies, the Biomaterials for Neurosciences team aims at providing
in situ and in a targeted manner the required signals to promote nervous tissue regeneration. The research on new
biomaterials for application in neurosciences includes the development of new polymers for the design of
alternative vectors to viruses for efficient gene/siRNA delivery and preparation of nerve grafts for spinal cord
injury treatment. Societal and ethical issues that concern Regenerative Medicine and NanoMedicine are also a topic
in which Ana Pêgo is involved. She has been appointed the Scientific Director of the Bioimaging Centre for
Biomaterials and Regenerative Therapies of INEB and she is an Invited Auxiliary Professor at the Faculty of
Engineering of the University of Porto (FEUP) and Affiliated Professor at Instituto de Ciências Biomédicas Abel
Salazar (ICBAS) of the University of Porto.
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Lecture 5
Metal oxides: basic properties and impact on PV devices
Sylvain Nicolay

In this lecture we will address the basic properties of vacuum deposited metal oxide films such as carrier
concentration and carrier mobility. In addition, we will discuss how these properties are critical for
photovoltaic devices depending on their position into the device.

Short Bio
Dr Sylvain Nicolay : Head of the Coating Sector in the CSEM PV-Center since its creation in 2013. Dr Nicolay
received his PhD from EPFL in 2008 in quantum opto-electronic for a thesis entitled “development of III-N
heterostructures for intersubband applications”. After his PhD, and before joining CSEM, Dr Nicolay worked as a
postdoc and team leader in the EPFL-Pvlab where he was in charge of the transparent conductive oxide group.
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Lecture 6
THE ETHICS OF AUTONOMOUS AND INTELLIGENT SYSTEMS
Raja Chatila
Sorbonne Université
Institute of Intelligent Systems and Robotics (ISIR)
4 Place Jussieu - 75005 Paris France
Abstract
Ethical, legal and societal issues (ELS) raised by the development of autonomous and intelligent systems have
gained strong interest both in the general public and in the involved scientific communities, with the development
of new technologies and applications. They cover a wide range of issues such as: future of employment, privacy
and data protection, surveillance, interaction with vulnerable people, autonomous decision-making, moral
responsibility and legal liability of robots, imitation of living beings and humans, human augmentation, or the
status of robots in society.
The question in developing theses technologies, which might have an unprecedented impact on our society, is
finally about how to make them aligned with the values on which are based human rights and well-being. From the
perspective of the designers of such systems, two main issues are central. Firstly, research methodologies and
design processes themselves: how to define and adopt an ethical and responsible methodology for developing these
technological systems so that they are transparent, explainable and so that they comply with human values?
Secondly, when decisions are delegated to so-called autonomous systems, is it possible to embed ethical reasoning
in their decision-making processes?
This lecture will overview the main scientific issues in Robotics, Autonomous and Intelligent Systems and discuss
the ELS issues raised by their development, inspired by the ongoing reflection and work within the French
Commission on the Ethics of Research on Digital Science and Technology (CERNA), and the IEEE Global
Initiative on Ethics of Autonomous and Intelligent Systems.

Short Biography
Raja Chatila, IEEE Fellow, is Professor at Sorbonne Université in Paris and Director of the Institute of Intelligent
Systems and Robotics (ISIR), as well as of the SMART laboratory of excellence on human-machine interactions.
He has served as President of the IEEE Robotics and Automation Society in 2014-2015. He obtained his PhD in
control science from University of Toulouse in 1981, and was visiting scholar at Stanford University in 1982-83.
He joined the CNRS as permanent Researcher in 1983 at LAAS-CNRS in Toulouse, one of the largest in France in
Information Sciences and Technologies, and became Director of this laboratory from 2007 to 2010. His research
interests are is autonomous cognitive and interactive robotics, artificial intelligence, control and cognitive
architectures, learning, decision-making and planning, perception and data fusion, motion planning and
control, with applications in service and field robotics, ethics. He is author of over 150 publications in the domain,
and has led several projects such as the European FET integrated project “The Cognitive Robot Companion”. He is
a member of the French Commission on the Ethics of Research on Digital Science and Technology (CERNA), and
chair of the IEEE Global Initiative on Ethics of Autonomous and Intelligence Systems. He received the Pioneer
Award from the IEEE Robotics and Automation Society, and he is Honorary Doctor of Örebro University, Sweden.
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Lecture 7

Piezoelectric materials: the view from the industry
(Lead-free piezoceramics: what is it and what is their future?)
Peter Mardilovich

Abstract
Growing awareness of the environmental impact and health concerns from toxicity of lead has fueled intensive
research into lead-free alternatives to lead zirconate titanate (Pb(Zr,Ti)O3, PZT), which to this day, is still the best
piezoelectric material available for multiple industries. Because of the need to comply with the European Union’s
Restriction of Hazardous Substances (RoHS), only relatively recently, the search has broadened to include almost
any company that deals with PZT. In my presentation, I will begin by examining the fundamentals of PZT, bulk
and thin film, and the areas of their applications. I will then explore key points from RoHS that must be accounted.
Major lead-free alternative materials, including their specific pros and cons, will be presented. Finally, I will
address the various options that companies have to minimize the negative environmental and health threats of lead,
as well as what they are doing to move away from PZT to lead-free alternatives, and what we should expect in this
field in the near future.

Short Bio
Peter Mardilovich received his Ph.D. in Physical Chemistry from the National Academy of Sciences of Belarus and
is currently Chief Engineer at Xaar plc in Cambridge, UK. His career started at the National Academy of Sciences
of Belarus, where he progressed from Research Associate to Senior Scientist and Head of a research group. In the
early 1990s, while at Glasgow University, he was awarded two personal grants from the Science Engineering and
Research Council of the UK. Prior to joining Xaar, he was Senior Technologist at Hewlett-Packard within the
Imaging and Printing division. Between 2005 and 2007 he was the visiting scientist at MIT, managing the HP-MIT
strategic alliance; and before coming to HP, Peter worked as Senior Scientist at Nanomaterials Research
Corporation and as Research Associate at Worcester Polytechnic Institute. His expertise lies in thin film
technologies, thin-film and bulk piezo-ceramics, ceramic MEMS and membranes, printing technologies, printed
electronics, anodic oxides and self-assembled structures, solid-oxide fuel cells and hydrogen separation. Peter holds
105 granted US patents with about 40 applications still pending. He is the author of more than 100 papers and has
given over 120 presentations. His works have garnered over 6,700 citations, resulting in an h-index of 24 (i10index of 44).
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Abstract for PhD Student Presentations at the EJD-FunMat Training School
Name

Sara AghazadehChors

Home University
and Laboratory

LMGP, Grenoble-INP France

Partner University
and Laboratory

Spin, University of Liège Belgium

Industry Partner
Project Title

Text (15-20 lines)

Transparent electrodes based on Ag nanowire networks: Fabrication,
modelling and optimization of their properties

In order to gain a deeper insight into the behaviour of AgNW networks numerical
simulations are performed based on Monte Carlo method by Matlab. First part of
modelling task was to compare the percolation onset of random networks composed of
different nanometric objects morphologies. The aim was the search for the elemental
morphology among either symmetric n-fold periodic stick arrangement or regular
polygons of n-edges. The percolation threshold of networks composed of random and
non-regular arrangements of sticks which can be considered as non-perfect local stick
meshes was studied. Results are interesting, showing that using new nanostructures one
can lower the critical amount of material to reach network percolation which can lead to
less material consumption and therefore to higher optical transparency. An article is
being written on this subject at the moment. The second part of the numerical work was
to investigate integration of silver nanowire based electrodes in solar cells and how to
find a simplified yet acceptable model to simulate the collection efficiency of photogenerated carriers associated to such electrodes.
On the experimental section of the project we have been dealing with several tasks as
well. One of the major drawbacks of AgNWs network is lack of sufficient stability which
nature can be either thermal, electrical and chemical. We have used Spatial ALD
technique to cover silver nanowires with homogenous conformal and thin (few nm or few
tens of nm) layer of different metal oxides (ZnO, Al2O3) and significantly improved the
stability of nanowire based networks.
Composite layers of AgNWs and oxides have been deposited on flexible substrates like
Neopulim and showed high mechanical, thermal and electrical stability which will enable
us to target more applications in the field of flexible electronics.

.

Remarks

8

EJD-FunMat Joint Training School and
Annual Meeting

Abstract for PhD Student Presentations at the EJD-FunMat Training School
Name

AMOROSO Danila

Home University
and Laboratory

University of Bordeaux – Institute for Condensed Matter Chemistry
Bordeaux (ICMCB)

Partner University
and Laboratory

University of Liege – Theoretical Materials Physics (PhyTheMa)

Industry Partner

FEI Visualization Sciences Group

Project Title

Theoretical study of piezoelectric (Ba,Ca)(Ti,Zr)O3 solid solutions
We have investigated the dynamical properties of chosen compositions of
(Ba,Ca)(Ti,Zr)O3 solid solutions and the four parent compounds by means
of first-principles calculations based on Density Functiontial Theory (DFT).
In (Ba,Ca)TiO3 the mixing of B- and A-type ferroelectricity is the key role
to get competitive polar phases. In fact, the two parent compounds have a
reverse energy sequence of ferroelectric states and a crossover between
them is required to achieve the inversion. This behaviour enhances the
piezoelectric response. Morever, we have predicted the existence of a
ferroelectric ground-state characterized by a cooperative (Ca,Ti)-motion at

Text (15-20 lines)

least up to the 50% composition of the solid solution. Different behaviour
charaterizes Ba(Ti,Zr)O3, where the appearence of ferroelectricity is
strongly dependent on the local atomic arrangements and composition.
Although the cubic phase is highly stable for BaZrO3, by the use of a
simple electrostatic model, we found out that the presence of (Zr,mTi)chains favors correlation of polar distortions in order to preserve an
homogeneous polarization along the chain. As a consequence, even if a
ferroelectric ground-state can be observed up to the critical concentration
of 30% of zirconium, polar nano-regions can be locally preserved for
larger concentrations.

Remarks

submission to arXiv.org and Phys. Rev. B journal
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Abstract for PhD Student Presentations at the EJD-FunMat Training School

Name

Bruno Aor

Home University and
Laboratory

Institute of Chemistry & Biology of Membranes & Nanoobjects, University Bordeaux,
France (CBMN)

Partner University and
Laboratory

Institute of Condensed Matter and Nanosciences, Université catholique de Louvain,
Belgium

Industry Partner

it4ip, Belgium

Project Title

Engineered microchannels for vascularization in bone tissue engineering
Traumas, injuries and diseases affect the life of peoples every day in the world
leading to morbidity and, in some cases, a permanent impairment [1]. To recover the
damaged tissues and organs few solutions are currently used such as autograft and
allograft transplants which, unfortunately, carry some limitations such as availability and
safety/immunity, respectively [2].
Tissue engineering aims to create a functional substitute for autograft and allograft
transplants without their intrinsic drawbacks. One of the challenging limitation of these
engineered constructs is the absence of a pre-vascularized capillary network, which
would overcome the insufficient oxygen and nutrients diffusion [3].
Bone tissue represent a good example of the intimate integration between tissue and
vascularization, and therefore, became a very important field of interest, named bone
tissue engineering (BTE) [4].

Text (15-20 lines)

In this context, my thesis focuses on the development of capillary vessels using
human umbilical vein endothelia cells (HUVECs) as main biological source and
polycarbonate (PC) as three-dimensional scaffold. The polycarbonate is firstly molded to
create micro-channels and later, functionalized by natural polysaccharides to improve its
biocompatibility properties [5]. In addition, adhesive and angiogenetic peptides such as
“RGD”, “SVV” and “QK” [6,7,8] are grafted on the surface to favor HUVEC adhesion,
proliferation and guide them through the development of the capillary vessels.
Preliminary studies indicate HUVECs adhering on the surface of the materials when
functionalized with combination of natural polysaccharides and peptides. Ongoing
studies will reveal which peptide combination would provide the best environment for
cells to growth and develop capillary vessels.
[1] Vos, Theo, et al. The Lancet 380.9859 (2013): 2163-2196.
[2] Goldberg, Victor M. Bone implant grafting. Springer, London, 1992. 9-12.
[3] Novosel, Esther C., et al. Advanced drug delivery reviews 63.4 (2011): 300-311.
[4] Black, Cameron RM, et al. Current molecular biology reports 1.3 (2015): 132-140.
[5] Chua P., et al. Biomaterials 29:1412-1421, 2008.
[6] Hersel, Ulrich, et al. Biomaterials 24.24 (2003): 4385-4415.
[7] Lei, Yifeng, et al. PloS one 7.7 (2012): e41163.
[8] Finetti, Federica, et al. Biochemical pharmacology 84.3 (2012): 303-311.

Remarks
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Abstract for PhD Student Presentations at the EJD-FunMat Training School
Name

Guillaume CHANTEREAU

Home University
and Laboratory

University of Aveiro, CICECO

Partner University
and Laboratory

University of Bordeaux, LCPO

Industry Partner
Project Title

Solvay
Sustainable Functionalization of Bacterial Cellulose for the Design of innovative
bio-based nanomaterials
Bacterial cellulose (BC) is an extra-cellular form of cellulose, produced by
Gluconacetobacter sacchari, which due to its unique properties (biodegradability,
biocompatibility, 3D nanofibrillar structure, water-holding capacity and good elastic
strength) has already found applications in food industry, cosmetics, pharmaceutical and
biomedical fields [1,2].
This PhD project intends to functionnalize BC using green and sustainable conditions, in
order to produce new functional materials with antimicrobial properties against
Escherichia coli and Staphylococcus aureus bacteria.
The approach involves the grafting of aminotrialkoxysilanes at the surface of nanofibrils
of BC. Primary amines are known to have bioactive potential [3] but poor stability in water
due to the hydrolysis of siloxane bonds [4]. The selected sources of primary amine are
(3-aminopropyl)-trimethoxysilane (APS) because it has been widely used in the literature
for its anti-microbial activity against Gram positive and Gram negative bacteria [5] and (2aminoethyl)-3-aminopropyl-trimethoxysilane (AEAPS) for its higher stability towards
hydrolysis [6].

Text (15-20 lines)

The functionalization of BC with aminosilanes involves two main parameters: the
hydrolysis of methoxy groups of aminosilanes and the condensation of the silanols
formed at the surface of BC nanofibrils. The hydrolysis has been realized in both acetone
and water medium while condensation has been performed by both curing [3] at 120°C
and freeze-drying [7] in order to optimize the grafting of APS and AEAPS with BC and
the stability of this grafting towards hydrolysis in aqueous conditions.
The result of this work is that AEAPS hydrolyzed in acidic aqueous solution and
condensed to BC’surface by freeze-drying leads to the most water-stable
functionalization, which involves also the best bioactivity by contact against both E. coli
and S. aureus bacteria.
This research was supported by the CICECO-Aveiro Institute of Materials and the LCPO,
CNRS UMR 5629. We acknowledge EJD FunMat for funding this PhD thesis fellowship.
[1] Esa et al.,Agriculture and Agricultural Science Procedia 2, 2014 , 113 – 119
[2] P.R. Chawla et al., Food Technol. Biotechnol. 2009, 47 (2), 107–124
[3] Fernandes et al., ACS Appl. Mater. Interfaces, 2013, 5, 3290–3297
[4] Vanderberg et al., Journal of Colloid and Interface Science, 1991, 147, 103-118
[5] Saini et al., Cellulose, 2016, 23(1), 795–810
[6] Zhu et al., Langmuir, 2012, 28, 416–423.
[7] Zeng et al., Cellulose, 2014, 21, 4455–4469

Remarks
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Abstract for PhD Student Presentations at the EJD-FunMat Training School
Name

Getnet Kacha Deyu

Home University
and Laboratory

TU Darmstadt, Institute of Materials Science, Surface Science Division

Partner University
and Laboratory

Laboratoire des Matériaux et du Génie Physique, Grenoble INP

Industry Partner

Lotus synthesis

Project Title

Modulation doping for Transparent Conducting Oxide (TCO) materials

Text (15-20 lines)

The goal of the project is to demonstrate modulation doping as a novel doping
approach for transparent conducting oxide (TCO) thin films. The approach is
based on a heterogeneous mixture of a conductive oxide layer with a band gap
of ≈3eV with a highly dispersive conduction band like In2O3, ZnO, or SnO2 and a
wide band gap insulating material including Al2O3 and SiO2; which contain
specific defects pinning the Fermi level position. Different approaches have been
pursued in two laboratories using different host and insulating materials to
demonstrate modulation doping. The results of magnetron sputtered ITO films
and Atomic layer deposition (ALD) grown ultra-thin Al2O3 show a modulation
effect. ITO films were grown using different depositing conditions and then
coated with Al2O3. The XPS spectra of coated ITO films show an increase in
Fermi level position; which is good sign of modulation effect. Depending on
deposition temperature and film thickness, the electrical conductivity of these
films increases significantly after Al2O3 deposition. For chemical approach TiO2
and Al2O3 nanoparticles were used as dopant material and SnO2 host TCO. Even
though incorporation of NPs was successful in in composite structure, composite
films have inferior electrical conductivity than host TCO. The results obtained in
both chemical and physical approaches will be presented in poster and oral
presentations.

Remarks
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Abstract for PhD Student Presentations at the EJD-FunMat Training School
Name

Yannick Hermans

Home University
and Laboratory

TU Darmstadt – Surface Science

Partner University
and Laboratory

UBordeaux – C2M,ISM

Industry Partner

BASF

Project Title

Metal oxide Janus type heterostructures with controlled architecture for
enhanced photocatalytic properties
Photocatalyst based devices could complement traditional photovoltaics.
Instead of producing electricity, photocatalysts use the light to drive
chemical reactions e.g. hydrogen production from water or degradation of
hazardous waste products. However, to simultaneously absorb visible
light and catalyse redox reactions the photocatalytic material has to
possess specific material properties and until now no singular material
has been found which fulfils all requirements.

Text (15-20 lines)

A promising solution could be the creation of heterostructures by
combining photocatalysts with suitable co-catalysts. These cocatalysts
should improve charge carrier separation and the reaction kinetics, two
main limitations encountered with stand-alone photocatalysts. However,
conventional ways of cocatalyst deposition usually lead to random
deposition that does not fully optimize the performance. Better efficiencies
have, recently, been obtained through photo-assisted deposition, which
allows reduction cocatalysts and oxidation cocatalysts to be selectively
deposited on different crystalline facets of a photocatalyst.
Herein, we report on two promising materials, BiVO4 and CuFeO2, for
visible light photocatalysis. In particular the synthesis of crystalline facet
exposed structures will be discussed along with the preparation of new
anisotropic heterostructures via photo-assisted deposition. New
characterization techniques and efficiency measurement setups will be
discussed.

Remarks
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Mirasbek Kuterbekov

Home University
and Laboratory

UC Louvain, IMCN, BSMA

Partner University
and Laboratory

Grenoble INP/CNRS, LMGP, IMBM

Industry Partner

Novadip Biosciences

Project Title

Surface biofunctionalization of porous 3D scaffolds for bone tissue
engineering

Text (15-20 lines)

Bone fractures and related physical trauma affect millions of people
worldwide. Different clinical approaches have been developed to tackle
this issue with tissue transplantation being by far the most wellestablished and popular among them. Autografts—tissue transplants
derived from the patient—have become the gold standard in this field due
to their preserved bioactivity and immunological compatibility. Their
success, however, is severely limited by the need for patient tissue
harvesting which precludes the reconstruction of large-size defects due to
limited quantity and requires additional operations with associated tissue
morbidity and surgical complications.
To tackle these drawbacks, tissue engineers are developing artificial cell
culture matrices, more commonly known as scaffolds, that in combination
with stem cells and bioactive molecules can recreate native cellular
environments and induce controlled tissue formation. Following in these
steps, our project seeks to develop a scaffold with favorable biochemical
and physical cues that can promote important cellular functions such as
adhesion, growth and differentiation and induce bone tissue formation.
More specifically, we are investigating the fabrication of porous polymeric
microcarriers—micrometer-sized particles—and their biofunctionalization
with bone-specific growth factors using layer-by-layer deposition
technique. The viability of such microcarriers as scaffolds for bone tissue
formation will be assessed using adipose-derived mesenchymal stem
cells based on several criteria such as stimulation of osteogenic
differentiation, support for various cellular functions and deposition of
bone-specific extracellular matrix with concurrent degradation of
microcarriers.

Remarks
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Francesco Naccarato

Home University
and Laboratory

Physics and Materials Science Research unit, University of Luxembourg
(Luxembourg)

Partner University
and Laboratory

Institute of Condensed Matter and Nanosciences, Université Catholique
de Louvain (Belgium)

Industry Partner

QuantumWise (Denmark)

Project Title

Theoretical study of structural and optical properties of semiconductors for
composite materials in optical communication

Text (15-20 lines)

Remarks

Relying on first-principles calculations, a database has been created with
the refractive index and the band gap of a large set of semiconductors. Its
analysis has been carried out using the Penn model that connects these
two quantities in an intuitive and simple way [1]. While the inverse
relationship between these is confirmed, outliers are identified that
combine both a wide band gap and a large refractive index. From this
investigation, it appears that one of the main ingredients required to
achieve such an interesting combination is the density of electrons that
take part in the optical transition. This conclusion can be further
evidenced from the analysis of the electronic structure of the compounds.
Those outlier materials are thus promising candidates for optical
applications that need both a large band gap and a high refractive index
(wave-guides, optical modulators, harmonic generation, …).
Moreover, the analysis of the outliers has also been used as a starting
point for a creation of a new database in which the Second Harmonic
Generation (SHG) coefficient has been included. This quantity gives a first
hint on the usability of the crystal for non-linear applications.

[1] D. R. Penn, Physical Review 128, 2093 (1962)
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Onwukamike, Kelechukwu Nnabuike

Home University
and Laboratory

Institute of Organic Chemistry, Karlsruhe Institute of Technology (KIT),
Germany

Partner University
and Laboratory

Laboratoire de Chimie des Polymères Organiques (LCPO), Université de
Bordeaux, France

Industry Partner

Solvay

Project Title

Sustainable Cellulose Regeneration and Derivatization

Text (15-20 lines)

Most of the raw materials used in the chemical industry are petroleum
derived. Since petroleum is depleting and related to several environmental
problems, an increasing drive towards the use of sustainable alternatives
can be recognized. Cellulose is the most abundant organic bio-based
material on our planet, with established uses as raw material in the
chemical industry. However, the vast potential of this versatile material is
limited due to its insolubility and only non-direct processability. Previous
solvents investigated for cellulose solubilization such as N,Ndimethylacetamide-lithium chloride (DMAc-LiCl)[1] or N-methyl morpholine
N oxide (NMMO)[1] are not considered sustainable due to their toxicity and
difficult recycling. In addition, ionic liquids though promising also suffer
from easy contamination in the course of the reaction, thus making their
recycling challenging. A novel class of so-called CO2 switchable solvents
have recently been shown to present a more sustainable route towards
cellulose solubilization.[2, 3] We have carried out an optimization study
applying such a solvent system via online FT-IR with the aim of a better
understanding of the process. Upon optimization, we succeeded to
achieve complete cellulose solubilization (up to 8 wt. %) within 10-15
min at 30 °C for the system DBU/CO2.[4] Furthermore, by trapping and
isolating the intermediate carbonate formed, we also succeeded to
indirectly prove the presence of such intermediates, confirming the
reaction mechanism and also offering the possibility of novel modification
protocols for synthesis of cellulose carbonates.[4]

[1] Klemm, D.; Heublein, B.; Fink, H.-P.; Bohn, A. Angewandte Chemie (International ed. in
English) 2005, 44, 3358–3393.

References

[2]
Xie, H.; Yu, X.; Yang, Z.; Zhao, Z.K. Green Chem 2014, 16, 2422-2427
[3] Zhang, Q.; Oztekin, N.S.; Barrault, J.; Vigier, K.D-O.; Jerome, F. ChemSusChem 2013, 6,
593-596
[4] Onwukamike, K.N.; Tassaing, T.; Grelier, S.; Grau, E.; Cramail, H.; Meier, M. A.R. ACS
Sustainable Chem. Eng 2018, 6 (1), 1496-1503
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Catarina Pedrosa

Home University
and Laboratory

University of Bordeaux, Institute of Chemistry and Biology of Membranes
and Nanoobjects

Partner University
and Laboratory

University of Luxembourg, Luxembourg Institute of Science and
Technology

Industry Partner

Under discussion, SCREVO Co. is definitively closed

Project Title

Mesenchymal Stem Cell Stemness or Differentiation for Bone Tissue
Engineering

Text (15-20 lines)

Mesenchymal stem cell (MSC) behaviour can be modulated by a precise
control of the substrate surface properties at nanoscale, viz. its
topography and chemistry [1,2]. Significant correlations between
topography cues and cell response can be established based on
systematic investigations, provided that processes of fabrication of
nanostructured materials with fine-tunable and orthogonally defined
geometric variables are followed. Block copolymer self-assembly allows
such control, as a wide range of parameters including its molecular weight
and solvent selectivity can be independently varied [3]. Silicon nanopillars
were fabricated based on the such technique, for the investigation of the
relevance of different topographic cues on MSC behaviour. Different
peptides known to favour cell adhesion or differentiation into osteogenic
lineage were effectively grafted onto the nanopatterned surfaces, and
their impact on MSCs behaviour was compared with that of plain Si
nanopillars. Real time quantitative polymerase chain reaction (RT-qPCR)
and immunofluorescence assays were performed after 1, 2 and 4 weeks
of culture, showing statistically relevant differences between rate of
differentiation of MSCs cultured on the prepared nanotopographies with or
without bioactive moieties.

[1] Murphy W.L. et al., Nat. Mater. 13:547-557, 2014
[2] Cunha A. et al., Nanomed. 10(5): 725-739, 2015

Remarks

[3] Krishnamoorthy S. et al., Adv. Funct. Mater. 21(6):1102-1112, 2011
Observations: The collaboration with SCREVO was maintained until their closure, and
included meetings (in person, or by Skype) and discussions regarding possible directions
for the project, as well as insights on project management and intellectual property.
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Shanmugapriya PERIYANNAN

Home University
and Laboratory

GREENMAT Laboratory, University of Liege, Belgium

Partner University
and Laboratory

Surface Science Division, Department of Materials Science, Technical
University (TU) Darmstadt, Germany

Industry Partner
Project Title

Aquatic Science, Belgium
Metal oxides heterostructured films with controlled architecture for
enhanced photocatalytic properties
Photocatalysts are believed to be able to address the environmental issues like
energy and water crises. In specific, Powder photocatalysts have been widely
investigated owing to their higher surface to volume ratio and effective charge
transfer. But the fact that it leaves traces of nano (toxic) materials in treated
water has lead the direction of photocatalytic research into supported thin film
materials to avoid these after effects.
A typical photocatalysis reaction involves three vital steps associated with charge
kinetics: charge generation, transfer and consumption. They are interdependent
and each of these steps needs to be considered. Efforts taken towards the
enhancement of overall structure engineering (Energy band + Surface +
Interface engineering) can improve efficiencies of photocatalysts. Here, we have
embraced structure engineering for the preparation of metal oxide
heterostructured films with controlled architecture, to enhance their
photocatalytic properties.

Text (15-20 lines)

A 1D metal oxide semiconductor, Zinc Oxide nanorod array (ZNRA) grown on
FTO substrate by wet chemical method was chosen as the scaffold material due
to its facilitated charge transfer. Nickel Oxide (NiO) and Ruthenium Oxide (RuO2)
are the two second materials employed to form the heterostructure with ZnO.
Second material preparation was carried out by Direct Current Sputtering at
varying parameters. NiO deposition was done at 6% of O2 partial pressure in
varying thickness (~5, 10 and 15nm) and temperatures (RT [room temperature],
RT-post annealed& HT [high temperature-400◦]). RuO2 deposition was done with
the thickness of 3 and 6nm at RT.
The formation of ZNRA and heterostructure between the two components were
confirmed with the help of characterizations like X-Ray Diffraction (XRD),
Scanning Electron Microscope (SEM), Transmission Electron Microscope (TEM),
Energy Dispersive X-Ray Spectroscopy (EDX), Photo Luminescence (PL) and XRay Photoelectron Spectroscopy (XPS). In the heterostructure, at a lower rate of
deposition, the layer thickness was reduced such that it was not visible anymore
by SEM, but its presence was confirmed through TEM, EDX and XPS.
Photocatalytic tests were performed with UV light source to analyze the
photocatalyst’s
degradation
efficiency
on
Rhodamine
B
(RhB).
Photoelectrochemical studies were carried out with visible light source with the
electrolyte Sodium sulfate decahydrate.
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Raphaël Poulain

Home University
and Laboratory

UCL (Belgium)

Partner University
and Laboratory

TU-Darmstadt (Germany)

Industry Partner

AGC

Project Title

Engineering Interfaces of Silicon to Transparent Conducting Oxides for
Photocatalysis
The aim of the project is focused on the study of Nickel Oxide (NiO) for a
silicon-based water-splitting device. On the one hand, the silicon/NiO
interface has been studied via in-situ XPS/UPS measurements and on the
second hand, NiO catalytic properties has been studied electrochemically
towards the oxygen evolution reaction (OER).

Text (15-20 lines)

Regarding the Silicon/NiO interface, engineering of the passivation layer
has been deployed in order to obtain band-bending, compatible with our
purpose, in the silicon with a reduced trapped states region at the
interface. Indeed, depending on the interface preparation, fermi pinning
can raised at the interface which prevents bands to be aligned in
accordance to work function of the two materials.
At the NiO/electrolyte interface, results tend to highlight that NiO catalytic
properties is highly dependent on both the orientation and the defects
present at the surface. The introduction of defects on each orientation
seems to produce different catalytic site at the surface for the OER.
The presentation, will introduce and bring insights in 1) what could be an
adequate interface between silicon and NiO and then 2) what could be an
optimal NiO catalytic thin film for OER.

Remarks
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Philip Scholten

Home University
and Laboratory

Université de Liège, Center for Education and Research on
Macromolecules

Partner University
and Laboratory

Karlsruhe Institute of Technology, Laboratory of Prof. Dr. Michael Meier

Industry Partner

INEOS

Project Title

Precision design of novel bio-based and ethylene-based copolymers:
application to advanced nanocomposites

Text (15-20 lines)

In light of recent efforts of applying principles of green and sustainable
chemistry within macromolecular engineering, a large number of novel
bio-sourced monomers are available.[1,2] Especially cyclic carbonates
(CCs), because of their effective polyaddition with polyamines to yield
polymers such as non-isocyanate poly(urethane)s, have seen rapid
progress during the past decade.[3,4] Yet, very few examples exist of
controlled radical polymerisations (CRP) of CCs bearing a double
bond,[5,6] part of the reason being that (i) up to now only some
sustainable synthetic routes to such molecules are known[7] and (ii) some
interesting monomers contain reactive double bonds which are
challenging to control by most radical polymerisation techniques. Herein
we report on how cobalt-mediated radical polymerisation (CMRP) proves
a powerful method for the (co)polymerisation of such monomers.
Furthermore, the unique characteristics of the resulting (co)polymers and
their value for applications in composites are highlighted.

Remarks

References
[1] Yao, K.; Tang, C. Macromolecules 2013, 46, 1689–1712.
[2] Biermann, U.; Bornscheuer, U; Meier, M. A. R.; Metzger, J. O.; Schäfer H. J.
Angew. Chemie Int. Ed. 2011, 50, 3854–3871.
[3] Maisonneuve, L. ; Lamarzelle, O. ; Rix, E.; Grau, E. ; Cramail, H. Chem. Rev. 2015,
115, 12407–12439.
[4] Gennen, S.; Grignard, B.; Tassaing, T.; Jerome, C. ; Detrembleur, C. Angew. Chemie
Int. Ed. 2017, 56, 10394-10398.
[5] Jana, S.; Yu, H.; Parthiban, A.; Chai, C. L. L. J. Polym. Sci. Part A Polym. Chem.
2010, 48, 1622–1632.
[6] Palaskar, D. V.; Sane, P. S.; Wadgaonkar, P. P. React. Funct. Polym. 2010, 70, 931–
937.
[7] Besse, V.; Camara, F.; Voirin, C.; Auvergne, R.; Caillol, S.; Boutevin, B. Polym.
Chem. 2013, 4, 4545–4561.
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XIN CONG

Home University
and Laboratory

University of Luxembourg, Luxembourg of Institute for Science and
Technology

Partner University
and Laboratory

University of Bordeaux, Institute for Condensed Matter Chemistry
Bordeaux (ICMCB), France

Industry Partner

FEE GmbH, Germany

Project Title

Crystal growth and characterization of lead free piezoelectrics in the
pseudo-ternary system BaZrO3-BaTiO3-CaTiO3
Piezoelectric materials are particularly interesting for their ability to
generate charges under a stress (direct effect) or to induce a strain under
an electric field (converse effect). Lead zirconate titanate (PZT) is the
most widely used material because of its excellent properties, but is
currently facing global restrictions due to Pb toxicity. There is therefore an
increasing research effort to develop lead-free piezoelectric materials.
Solid solutions based on the BaZrO3-BaTiO3-CaTiO3 system (BCTZ) have
been identified as promising candidates. The PhD work focuses on the
growth and characterization of single crystals of BCTZ system with
various compositions and, particularly, to its end-members BaZrO3 and
CaTiO3.

Text (15-20 lines)

The work presented here will focus on the least known end-member of the
BCTZ system: cubic BaZrO3. We have characterized and compared single
crystals obtained by different techniques. The dielectric properties were
measured down to 4.2 K and exhibit up to two anomalies, one being
common to all samples and probably intrinsic in origin. The chemical
composition was analyzed by combining both energy-dispersive X-ray
spectroscopy and secondary ion mass spectrometry, revealing Sr and Hf
as main impurities. Temperature dependent Raman spectroscopy was
performed from ambient conditions down to 4 K and showed that the
cubic phase remains stable down the lowest temperatures. A tentative
explanation for the observed 2nd-order Raman spectrum is proposed,
based on DFT results for the phonon density of states (coll. D. Amoroso &
P. Ghosez).

Remarks
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