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Keynote talk 1 

How will chemistry shape the materials of the future? 

A personal perspective 

Prof. Philippe Dubois 
University of Mons - Materia Nova asbl, Place du Parc 23 

B-7000 MONS (Be) 
philippe.dubois@umons.ac.be 

 

 

The ecological transition is a major challenge that society is facing. It requires profound changes in 

the way we produce, consume and live. Chemistry has an important role to play in this transition, 

helping to develop innovative solutions to environmental challenges. 

The concrete contributions of chemistry include i) the production of new sources of energy, including 
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��

the key role of pharmaceutical and medicinal chemistry, and iv) the production of sustainable materials 

such as recycled, intelligent/self-repairing, (super)conductive, catalytic and bio-sourced materials, etc.  

To achieve this, scientific interdisciplinarity is essential, and the aim of this contribution is to illustrate 

this 'cross-fertilisation' and the involvement of chemistry in the production of new biosourced 

(nano)materials, i.e. materials derived from renewable resources. Not only are these materials, 

polymers and (nano)composites, derived from biomass, but they also have the property of controllable 

and even programmable biodegradation. To achieve this, disciplines as different and complementary 

as synthetic and catalytic chemistry, process engineering, nanotechnology, surface physics, biology 

and enzymology will be approached and combined. 

 

Prof. Philippe Dubois is Rector of University of Mons, and 1st 

President of the European University Alliance EUNICE. As full 

professor he set up the Center of Innovation and Research in 

Materials & Polymers CIRMAP. His expertise covers organic 
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nanohybrid materials, including bioplastics. He is President and 

scientific Director of Materia Nova Research Center ASBL in 

Mons. He is President/co-founder of GATE2 S.A., a spin-off 

company of UMONS. He has published 800+ peer-reviewed 

scientific articles, 11 books (H-index = 120, overall citations= 

65,500+) and is the inventor of 76 patents. Ph. Dubois is invited 

professor in several Universities in Europe, US and China. He is elected member of the Royal 

Academy of Belgium (Class of sciences) and the European Academy of sciences EurASc 

(Engineering Division). In 2024, he became Doctor Honoris Causa of University of Montpellier, 

France. 
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Keynote talk 3 

Information Communication Technology for the best and the worst 

 Prof. Jean-Pierre Raskin 
ICTEAM Institute, Université catholique de Louvain, 1348 Louvain-la-Neuve 

Jean-pierre.raskin@uclouvain.be 

 

 

Electronics is increasingly introduced in our society and ICT contributes extensively to this trend. 

Although this could enable positive effects both on our society and our environment through 

optimization and monitoring, the massive deployment of ICT comes together with an undeniable 

environmental burden which is often overlooked. 

In the talk, we will begin by questioning the vision of progress shared by our societies. We will lift the 

veil on the invisibles of the digital world. It shows that the exponential trends such as Moore’s law or 

Cooper’s law will very unlikely lead to an absolute decrease of greenhouse gas emission and a 

reduction of our appetite for a wide variety of minerals if sobriety is not considered together with 

efficiency improvements.  

Faced with the societal challenges of today and tomorrow, teaching and disciplinary research must 

reinvent themselves. Based on the assessed impacts of ICT, we will question the merits of certain 

technological choices made in the name of the transition. A holistic, transdisciplinary and pragmatic 

approach must be put in place in order to think, design and innovate within the constraints of our 

ecosystem limits. Concrete examples of current research will be shared, such as a critical look at the 

deployment of connected objects, the eco-design of sensors, a reflection on the pursuit of Moore's 

law and its environmental consequences, and the strategies to minimize e-waste. 

 

Prof. Jean-Pierre Raskin received the M.S. and Ph.D. degrees in 

applied sciences from Université catholique de Louvain 

(UCLouvain), Louvain-la-Neuve, Belgium, in 1994 and 1997, 

respectively. In 1998, he joined the EECS Department of The 

University of Michigan, Ann Arbor, USA, for a post-doc of two 

years. In 2000, he joined the Microwave Laboratory of 

UCLouvain, Louvain-la-Neuve, Belgium, as Associate Professor, 

and he has been a Full Professor since 2007. His research 

interests are the modeling, wideband characterization and 

fabrication of advanced SOI MOSFETs as well as micro and 

nanofabrication of MEMS / NEMS sensors and actuators, 

including the extraction of intrinsic material properties at 

nanometer scale. He has been IEEE Fellow since 2014. He 

received the Médaille BLONDEL 2015, the SOI Consortium 

Award 2016, the European SEMI Award 2017, the Médaille AMPERE 2019, the Georges Vanderlinden 

Prize 2021 and the IET Achievement Medal in Electronics 2022, in recognition in his vision and 

pioneering work for RF SOI. He has been managing a Chair in eco-innovation at CEA-Leti since 

January 2024. 
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SOLID-STATE PIEZOIONIC SENSORS BASED ON IONIC LIQUID MONOMERS 
 

J. Guerrero1, V. Shevtsov2, J.-M. Raquez1, A. Shaplov2, J. Odent1 

 

.1) Laboratory of Polymeric and Composite Materials (LPCM), Center of Innovation and Research in Materials and Polymers (CIRMAP), 
University of Mons (UMONS), Place du Parc 20, Mons, 7000 

2) Luxembourg Institute of Science and Technology, L-4362 Esch-sur-Alzette, 5 rue Bommel, ZAE Robert Steichen, LIST Luxembourg, 
4940 

 

Email: JuanAlejandro.GUERREROTERAN@umons.ac.be 

Piezoionic sensors are a novel type of stress sensor that has brought interest in the last few years. 

The piezoionic effect is based on an ion gradient generated by a pressure applied to an ionically 

conductive gel. The latter could be a hydrogel with electrolytes (salt), ionogels (hydrogel containing 

an ionic liquid), or polyelectrolytes with fixed macroions and mobile counterions [1-3].  One of the 

major drawbacks of most current hydrogel piezoionic sensors is the presence of water. This limits 

their stability over time due to evaporation of water [1]. On top of that, systems such as ionogels or 

hydrogels swollen with an aqueous electrolyte solution consists of two mobile ions [1]. Consequently, 

this type of piezoionic sensor exhibit a decay of potential when the mechanical stimulus applied is 

steady due to a re-equilibrium in the material [1,3]. Therefore, ionic liquid monomers (ILM) are a 

promising candidate to develop solid-state piezoionic sensor that can discriminate transient and 

steady mechanical stimulus and are stable at environmental conditions [4]. This work proposes to 

develop solid-state piezoionic sensor based on crosslinked Polyionic liquid copolymerized with two 

different neutral monomers. Two types of ILM cationic and anionic type were studied, as well as, two 

types of neutral monomers with different length of pendant chain, in order to enhance the piezoionic 

response. 

 

Figure 1. Illustrative Scheme of photopolymerization of solid-state piezoionic sensor based on ionic liquid 

monomer (ILM) 

References  

[1] Odent, J., Baleine, N., Biard, V., Dobashi, Y., Vancaeyzeele, C., Nguyen, G. T., ... & Raquez, J. M. (2023). 3D-printed 
stacked ionic assemblies for iontronic touch sensors. Advanced Functional Materials, 33(3), 2210485 

[2] Chen, K., & Ho, D. (2023). Piezoionics: Mechanical-to-ionic transduction for sensing, biointerface, and energy harvesting. 
Aggregate, e425  
[3] Dobashi, Y., Yao, D., Petel, Y., Nguyen, T. N., Sarwar, M. S., Thabet, Y., ... & Madden, J. D. (2022). Piezoionic 
mechanoreceptors: Force-induced current generation in hydrogels. Science, 376(6592), 502-507 
[4] Braz Ribeiro, F., Ni, B., Nguyen, G. T., Cattan, E., Shaplov, A. S., Vidal, F., & Plesse, C. (2023). Highly Stretchable and 

Ionically Conductive Membranes with Semi-Interpenetrating Network Architecture for Truly All-Solid-State Microactuators 
and Microsensors. Advanced Materials Interfaces, 10(10), 2202381 



EDT-MAIN/NanoWal PhD Scienti!c Day 2024 

 

Numerical simulation of an inverse opal photonic crystal using the RCWA method 

O. Habli, O. Deparis 
Laboratoire de Physique de Solide 
University of Namur, 5000, Belgium 
Email of Omayma.habli@unamur.be 

 

Photonic crystals (PCs) have been extensively investigated for light manipulation. Among the vast 

diversity of photonic crystals [1], inverse opal (IO) photonic structures possess numerous advantages 

due to their promising optical and structural properties in addition to their relative ease of design and 

synthesis [2-3].  

In this work, we have studied by numerical simulation the optical response of an inverse opal photonic 

crystal. It was calculated and illustrated using the rigorous coupled wave analysis (RCWA) method. 

Indeed, we have varied different parameters such as the plane wave number, the incidence angle, 

pore diameter, etc. 

The results show a shift in the reflectance spectrum at the electronic absorption edge of the used 

material which makes the studied IO structure suitable for use in photocatalysis applications. 

 

References  

[1] R.K. Cersonsky, J. Antonaglia, B.D. Dice, S.C. Glotzer, The diversity of three dimensional photonic crystals, Nat. 
Commun. 12 (2021) 1�7. 
[2] G. Collins, E. Armstrong, D. McNulty, S. O�Hanlon, H. Geaney, C. O�Dwyer, 2D and 3D photonic crystal materials for 
photocatalysis and electrochemical energy storage and conversion, Sci. Technol. Adv. Mater. 17 (2016) 563�582. 
[3] TL. MADANU, SR. MOUCHET, O. DEPARIS, et al. Inverse opal TiO2-based heterocomposite photonic structures for 
slow photon-assisted visible light photocatalysis. In: Photonics for Solar Energy Systems IX. SPIE, (2022) 15-20. 
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Charge transport in few-layer 2D crystals at micro and nanoscale: the case of Ti3C2Tx 

MXenes 

O.  de Leuze1 , F. Massa1, H. Pazniak2, T. Ouisse2, B. Nysten1, S. Hermans1, B. Hackens1 

1IMCN, Université catholique de Louvain, Louvain-La-Neuve, Belgique 
2LMGP, Université Grenoble-Alpes, Grenoble, France 

oriane.deleuze@uclouvain.be 

 

Over the past few years, 2D materials have garnered significant interest in various fields such as 

electronics, energy storage, and catalysis. Among them, MXenes � 2D transition metal carbides and 

nitrides � offer tunable electronic properties and surface engineering possibilities, making them prime 

candidates in sensing and optoelectronics, among others [1][2]. In the vast majority of applications 

using MXenes, devices are fabricated with randomly stacked monocrystalline flakes of different 

thicknesses, forming a thin film. To date, electronic transport in MXenes has been mostly studied in 

such films, but it becomes clear that intra-flake and inter-flake charge transport should be studied 

separately [3]. In this context, the present work investigates charge transport in individual flakes of 

Ti3C2Tx, the most studied MXene. A common practice to perform electrical measurements on 2D 

individual flakes is to drive current and measure voltage drop across lithographically-patterned top 

metallic contacts, as illustrated in Fig. 1 (b) and (d). While this technique is reliable for extracting 

quantitative resistivity values averaged at flake-scale, it does not allow advanced characterization at 

the nanoscale. This is why we also perform conductive atomic force microscopy (C-AFM) on individual 

flakes, as illustrated in Fig. 1 (a) and (c), showing the topography of a flake overlapping a metallic 

electrode and an insulating substrate. In C-AFM, a bias is applied between the tip and the sample, 

and the current is measured as the tip scans the sample surface, in contact mode. Hence, a flake 

conductivity map is obtained along with the topography. The specific configuration used here makes 

it possible to extract both in-plane and out-of-plane resistivity components and therefore the resistivity 

anisotropy of Ti3C2Tx. The challenges of bringing together C-AFM and four-contact measurements to 

study charge transport in few-layer flakes will be discussed. 

 

(a) Illustration of the C-AFM measurement on an individual flake deposited on an Au electrode, on a Si/SiO2 

substrate. (b) Illustration of a conventional four-contact measurement setup. (c) 3D view of the AFM topography 

of a Ti3C2Tx flake deposited partially on an electrode, obtained in tapping mode. (d) 3D view of the AFM 

topography of patterned contacts on a Ti3C2Tx flake, obtained in tapping mode. 

 
References 

[1] Agresti, A., Pazniak, A., Pescetelli, S. et al., Nat. Mater. 18, 1228�1234 (2019) 
[2] Hart, J.L., Hantanasirisakul, K., Lang, A.C. et al. Nat Commun 10, 522 (2019)  
[3] Michel W. Barsoum, and Yury Gogotsi, Ceramics International 14 24112-24122 (2022) 
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Exploitation of Canarium Schweinfurthii core shells as carbon source for the case 

hardening of steels 

Eugenie Louta F., Jérôme Tchuindjang T., Dieunedort Ndapeu and Anne Mertens  
Aerospace and Mechanic department (Metallic Materials Science), University of Liege, 4000 Liege  

e.louta@doct.uliege.be  

 

The objective of solid carburizing thermochemical treatment is to enrich with carbon the surface layer 
of the substrate subjected to this treatment. This enrichment improves the mechanical (hardness), 
tribological (wear) and microstructural properties of the treated substrate. The solid carburizer is a 
carbon material that can release its carbon to diffuse into steel at high temperature, with or without a 
catalyst. In this study, we have made solid carburizers from vegetable shells (bio-carburizers) from 
Cameroon. These shells were first collected, crushed, washed, dried, ground and sieved at a grain 
size of 300/500 !m and then carbonized at 450°C for periods of 10 to 60 minutes to obtain bio-
carburizers. These bio-carburizers were then used for the case-hardening of cylindrical samples of 
two different substrates (C35 and 42CrMo4 steel alloys) at 950°C for 3 hours. The samples were cut 
radially and transversally, embedded in resin, polished and etched with nitric acid. The microstructural 
analysis was done by optical microscopy. The measured Vickers hardness and the hardness profile 
were obtained using a FALCON 500G204 durometer. Vickers hardness measurements show an 
increase in hardness associated with the increase in carbon content in the surface layer. The hardness 
profile allows to show a cemented thickness of up to 2 mm depending on the bio-cement used. The 
microstructure observed by optical microscopy reveals a variation in the present phases depending 
on the process for bio-carburizers production. 
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Investigation of the Au nanorods synthesis parameters tunability  
by statistical methods 

 
A. Engel1,2 *, C. Rasse,3 F. Drault1,2, S. Demoustier-Champagne2, S. Hermans1 

1IMCN (MOST division), UCLouvain, 1 Place Louis Pasteur, B-1348 Louvain-la- Neuve, Belgium. 
2IMCN (BSMA division), UCLouvain, 1 Place Louis Pasteur, B-1348, Louvain-la-Neuve, Belgium. 

3SMCS, UCLouvain, Voie du Roman Pays, B-1348, Louvain-la-Neuve, Belgium. 
*antonin.engel@uclouvain.be 

Gold nanorods (NRs) are notable for their localized surface plasmon resonance (LSPR) properties, 

which are sensitive to their aspect ratio (AR), i.e. the ratio between the longitudinal and transversal 

dimensions. More precisely, their second plasmonic peak position (!2, linked to the longitudinal 

dimension) is linearly proportional to their AR, making them highly applicable in various fields such as 

photocatalysis, photovoltaics, biosensing, and medical imaging [1]. 

The seed-mediated synthesis method, commonly employed for gold NRs, traditionally involves the 

use of ascorbic acid as a mild reducing agent, leading to relatively poor yield not exceeding ~15% [1]. 

Here, hydroquinone (HQ) was used as alternative mild reducing agent to achieve nearly quantitative 

yield, surpassing the conventional use of ascorbic acid. In this study, the high-yield synthesis of gold 

nanorods was investigated, focusing on the tunability and underlying mechanisms of the process 

using a design of experiment (DOE) approach. 

The influence of various synthesis parameters, including the concentrations of seed solution, silver 

nitrate, cetyltrimethylammonium bromide (CTAB), HQ, and gold precursor, on the second plasmonic 

peak position (!2) of gold NRs obtained was studied. A customized DOE was developed to evaluate 

these parameters and their interactions, and the impact on the LSPR wavelength (!2) linked to the 

anisotropic growth of the rod. The study revealed significant quadratic effects and interactions, 

particularly involving CTAB and silver nitrate, pointing towards the formation of a complex between 

these two components that drives anisotropic growth (Figure 1A-E). 

 

Figure 1. Prediction profilers of !2. position as function of (A) AgNO3, (B) CTAB, (C) HAuCl4, (D) AgNO3 * CTAB 
and (E) HAuCl4 * HQ concentrations. (F) Observed by predicted plot for the !2 position. 

The statistical model developed through DOE successfully predicts the plasmonic properties of the 

synthesized gold NRs with well-controlled AR (Figure 1F), validated by its accuracy in forecasting 

outcomes for conditions not explicitly tested. This comprehensive understanding of the synthesis 

parameters and their interactions allows to optimize the production of gold NRs with desired 

properties, tuned as function of the desired application. 

References: [1]!Zheng, Jiapeng, et al., Chemical Reviews, 2021, 21, 13342-13453. 
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C-N junctional tetrazole and bi-pyrazole motif ligands can easily form various types of 

coordination networks (CCs/CPs), which have piqued the interest of researchers due to 

their diverse architectures and topologies, as well as their broad potential applications in 

fields such as molecular magnetism, medicinal chemistry, photoluminescence, and

catalysis [1,2]. A series of new tetrazole and C,N-bipyrazole ligands, 2-(3,5,5'-trimethyl-

1'H-[1,3'-bipyrazol]-1'- yl)acetonitrile (L1) and 1'-((1H-tetrazol-5-yl)methyl)-3,5,5'- 

trimethyl-1'H-1,3'-bipyrazole (HL2), were prepared and identified by different 

spectroscopic methods, including 1H-NMR, 13C-NMR, FT-IR and HRMS. The reaction of

the two new ligands (L1) and (L2) with several metals, Ni (II), Cu (II) , Co (II) and Cd (II) 

leads to the formation of a new group of mononuclear coordination complexes, namely:

[Ni(L1)3](ClO4)2 (1), [Cd(L1)2Cl2] (2), [Cu(HL2)(L2)]ClO4 (3), [Cu(L2)2] (4) and a dinuclear 

complex [Co2(HL2)(L2)Cl3] (5). These different coordination complexes were 

characterized by single crystal X-ray diffraction and show completely different architectural 

structures due to the nature of the metal ion coordination and the structural features of the 

organic ligands as well as the effect of the counter anion. These compounds demonstrate 

noticeable bacteriostatic activity against both Gram(+) and Gram ( ) bacteria, as well as 

antifungal properties against a range of fungi. Particularly impressive is the remarkable 

97% inhibition achieved by 5 at a concentration of only 81.1 µmol/L against Fusarium 

oxysporum f. sp. albedinis, the causing agent of Bayoud disease in palm trees [3]. 

[3] Y. Bahjou, S. Radi, M. El Massaoudi, Y. Draoui, N. N. Adarsh, H. N. Miras, M. Ferbinteanu, K. Robeyns, S. 
Ouahhoud and R. Benabbes, European Journal of Inorganic Chemistry, 2024, 27, e202300634. 
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