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RU NANOPARTICLES SUPPORTED ON SULFONATED CARBONS AS BIFUNCTIONAL 

CATALYSTS FOR THE HYDROGENOLYSIS OF CELLULOSE INTO SORBITOL 

CARLIER, Samuel 

HERMANS, Sophie 

UCLouvain – IMCN - Pôle MOST 

Place L. Pasteur 1, 1348 Louvain-la-Neuve, (Belgium) 

Alternatives to fossil sources to produce fuels and chemicals are actively studied [1]. Non-edible biomass and 
especially cellulose is very promising because it can be transformed by hydrogenolysis into sorbitol, which is an 
interesting platform chemical. In order to catalyze this two steps reaction in one pot, a bifunctional catalyst with 
acidic functions for hydrolysis [2] and Ru nanoparticles for hydrogenation is required. Here, we report carbon 
solid supports functionalized by sulfonic functions that improve the hydrolysis of cellulose, together with Ru 
nanoparticles that have high activity for the hydrogenation step. 

Several carbon supports (activated coal (AC), carbon nanofibers (CNF), carbon nanotubes (MWCNT), reduced 
graphene oxide (RGO)) were covalently grafted with organic sulfonic acid functions. These functionalized 
supports displayed strong acidity (189 mmol/100g for the most acidic solid obtained with MWCNT). The acidic 
materials were assessed for cellobiose (as model molecule for cellulose) hydrolysis into glucose and displayed 
high activity (80% of yield in glucose after 2h at 130°C under N2 autogenic pressure). Ru oxide nanoparticles were 
then deposited on these sulfonated carbon supports to obtain bifunctional catalysts. While sulfur is known to 
poison Ru and decreases its activity, an optimal ratio between the two elements was found with 5 wt.% of Ru. 
The bifunctional catalyst gave results surpassing the mere Ru/C catalyst, highlighting the synergy between the 
two functions (Table 1). Indeed, the presence of the sulfonic functions is stabilizing the sorbitol molecule and 
prevents it from further reactions into side-products. The best catalyst is also highly recyclable. 

Table 1: Catalytic tests for the transformation of cellobiose and cellulose into sorbitol 
Catalyst Substrate Conditions 

Conversion of cellobiose 
or cellulose (%) 

Selectivity in 
sorbitol (%) 

Ru / AC Cellobiose 150 °C; 30 
bar H2; 24h 100 11 

Ru / sulfonated  AC Cellobiose 
150 °C; 30 

bar H2; 24h 100 79 

Ru / AC Ball-milled 
cellulose 

150 °C; 30 
bar H2; 24h 43 21 

Ru / sulfonated  AC Ball-milled 
cellulose 

150 °C; 30 
bar H2; 24h 

44 37 

Finally, first trials have been carried out for the transformation of ball-milled cellulose. The results are promising 
as sorbitol was produced at low temperature (Table 1). Further optimizations will be made on the test conditions 
and cellulose pre-treatment to increase sorbitol productivity. 

References : 
[1] R. Parajuli, T. Dalgaard, U. Jørgensen, A.P.S. Adamsen, M.T. Knudsen, M. Birkved, M. Gylling, J.K. Schjørring, 

Renew. Sustain. Energy Rev. 43, 244–263 (2015). 
[2] S. Carlier, S. Hermans, Front. Chem. 8, 1–9 (2020). 
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COMBINING TWO SUPRAMOLECULAR DYNAMICS TO DEVELOP TRANSIENT 

DOUBLE POLYMER NETWORKS WITH MULTISCALE VISCOELASTIC RESPONSE  

COUTOULY, Clément  

VAN RYUMBEKE, Evelyne a, FUSTIN, Charles-André b 

UCLouvain – IMCN - Pôle BSMA 
a Croix du Sud 1, L7.04.02, 1348 Louvain-La-Neuve  

 b Place Louis Pasteur 1, L4.01.01, 1348 Louvain-La-Neuve 

Polymer gels and networks are fascinating versatile soft materials which are ubiquitous in daily life and high 
added-value applications.1 These networks are divided into two categories known as chemical networks and 
physical networks. Today the biggest challenge is to combine and control within the same material all the 
distinct features that makes them ideal for application. To address this challenge, a new type of polymer 
networks, composed of two interpenetrating polymer networks, has been developed with the aim of 
combining at least two dynamics in the same material, giving rise to multiscale viscoelastic response under 
external stress or deformation field.2 3  

Our objective is to elaborate and study the dynamics of model double polymer networks, only based on 
supramolecular junctions. In order to obtain the required multiple dynamics, a combination of metal-ligand 
interactions, phase separation and entanglements is used. The first, short lifetime, network is built from linear 
polymer bearing terpyridine ligands as side groups and is crosslinked by the addition of transition metal ions.  
The second, long lifetime, network is made from a phase separated ABA triblock copolymer with a long central 
block and small outer blocks to ensure strong and stable association.  

Here, we first report on the characterization by rheology of the two individual networks derived from these 
polymers to understand the influence of the tailored bonds in the networks. We show that the properties of 
the second network strongly depend on the sample composition, and in particular on the length and volume 
fraction of the outer A blocks of the copolymer. Then, we show that, for the double networks, the viscoelastic 
response is governed by the interplay between sticker dynamics and chain entanglements. Both processes 
have a characteristic lifetime, which can be tuned by playing with temperature and/or with the metal ion 
nature to control the final relaxation of the network. 

 

 

 

 

 

 
References : 
[1] Creton, C.  Macromolecules 2017, 50 (21), 8297–8316. 
[2] Gong, J. P.; Katsuyama, Y.; Kurokawa, T.; Osada, Y. Adv. Mater. 2003, 15 (14). 
[3] Chen, Q.; Chen, H.; Zhu, L.; Zheng, J. Macromol. Chem. Phys. 2016, 217 (9), 1022–1036. 
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HIGH-THROUGHPUT COMPUTATIONAL SEARCH FOR HIGH CARRIER LIFETIME, 
DEFECT-TOLERANT SOLAR ABSORBERS 

DAHLIAH, Diana  
RIGNANESE, Gian-Marco ; HAUTIER, Geoffroy 

UCLouvain – IMCN - Pôle MODL   
Chemin des Étoiles 8, L7.03.01, 1348 Louvain-La-Neuve 

The key component of solar cells is the absorber layer which captures the photons and converts them 
into electron-hole pairs. In practice, not all generated electron-hole pairs are extracted and collected 
from this layer. Indeed, the presence of deep defect states within the band gap of the absorber 
facilitates the annihilation of these pairs, hence reducing the minority charge-carrier lifetime and thus 
the conversion efficiency. The characteristics of point defects and their concentrations differ for all 
semiconductors, which leads to different performances even for comparable band gap solar cells. The 
carrier lifetime is a fundamental parameter that determines the efficiency of the solar cell. Here, we 
propose an ab initio high-throughput screening approach for accelerating the discovery of potential 
high-performance photovoltaic absorbers. In addition to the common essential material properties for 
potential PV materials (thermal stability, abundance, environmentally friendly, band gap, absorption 
coefficient spectrum, effective mass), we add two key parameters to our criteria; the lifetime of charge 
carrier and doping density. The charge-carrier lifetime is estimated using the Shockley-Read-Hall 
recombination model and first-principles point defect computations. We show that our methodology is 
able to eliminate the poorly-efficient materials. As a prior step, we test our approach on several 
materials that have already been extensively studied, both experimentally and from first principles. We 
show that our methodology displays a high ability for predicting the good efficiency of absorbers such 
as Si, GaAs, and CIGS. Moreover, we have succeeded at identifying defect tolerant materials and 
promising PV candidates by conducting our approach on Cu-based semiconductors. 
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UTILIZATION OF LARGE ARGON CLUSTER BEAMS FOR THE FABRICATION OF 

PROTEINS THIN FILMS 

DELMEZ Vincent 

DELCORTE Arnaud & DUPONT Christine 

UCLouvain – IMCN - Pôle BSMA 

Place L. Pasteur, 1, L4.01.10, 1348 Louvain-la-Neuve  

Providing inert materials with a biochemical function, for example using proteins, is a cornerstone technology 
underlying many applications. However, the controlled construction of protein thin films remains a major 
challenge. Most often, the deposition of proteins at interfaces rely on adsorption processes, and therefore are 
achieved in solution. Despite being widely spread and used, these methods still suffer from various drawbacks. To 
overcome at least part of these obstacles, we are working on the development of an innovative solvent-free 
approach for protein deposition in vacuo. By diverting a time-of-flight secondary ion mass spectrometer (ToF-
SIMS) from its standard analytical function, large argon clusters are used to achieve protein transfer.1,2 A target 
consisting of a pool of proteins is bombarded with 10 keV Arn

+ (n = 1500-10000) ions, and the ejected proteins 
are collected on a silicon wafer, as depicted in the bottom right of the abstract figure. The deposition pattern as 
well as the integrity of small proteins can be evidenced by ToF-SIMS analysis, while SDS-PAGE electrophoresis 
allows to confirm the presence of intact larger proteins (not detectable by ToF-SIMS) on the collector. Finally, 
enzymatic activity assays demonstrate the preservation of the activity (and thus of their three-dimensional 
structure) of the transferred proteins when enzymes are selected. These results pave the way to well-controlled 
protein deposition using ion beams and to the investigation of more complex multilayer architectures. 

 

 

 

 

 

 

 

 

References : 
[1] Lorenz, M., Shard, A.G., Counsell, J.D., Hutton, S. and Gilmore, I.S., 2016. The Journal of Physical Chemistry C, 120(44), 

pp.25317-25327.  
[2] Delmez, V., Degand, H., Poleunis, C., Moshkunov, K., Chundak, M., Dupont-Gillain, C. and Delcorte, A., 2021. The Journal 

of Physical Chemistry Letters, 12(2), pp.952-957. 
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DEVELOPING MORE TARGETED PHOTO-CHEMOTHERAPEUTICS 

RUTHENIUM(II) COMPLEXES AND G-QUADRUPLEX DNA 

GILLARD, Martin 

ELIAS, Benjamin 

UCLouvain – IMCN – Pôle MOST 

 Place Louis Pasteur 1, bte L4.01.02, 1348 Louvain-La Neuve 

DNA has emerged as the main cellular target in cancer research since the understanding of the nitrogen mustard 
gas mode of action by Gilman and Philips in 1946.[1] Chemotherapeutics that target DNA proved to be extremely 
effective and constituted a major breakthrough at that time. During the last few decades, the pursuit for more 
selective anticancer agents has emulated the development of new drugs able to target non-canonical DNA 
substructures that are in larger abundance in cancer cells such as G-quadruplexes (G4s). [2] Plenty of small organic 
molecules and metal complexes have already been reported to tightly bind to those G4s in vivo.[3, 4]  

 In the present research project, we describe the development of a new project involving the synthesis of 
a series of new RuII compounds built on the salphen moiety. The ability of the complexes to selectively bind to G4 
over duplex DNA was fully studied by physico-chemical means using steady state luminescence titrations, circular 
dichroism and bio-layer interferometry. Eventually, photocytotoxicity assays were implemented to investigate the 
capacity of the compounds to trigger cancer cell death under light irradiation.[5] 

                                                                   

 
 
 
References: 
[1] A. Gilman and F. S. Philips, Science, 1946, 103, 409-436; 
[2] C.-R. Graziella, Z. Nadia and F. Marco, Curr. Pharm. Des., 2016, 22, 6612-6624; 
[3] Q. Cao, Y. Li, E. Freisinger, P. Z. Qin, R. K. O. Sigel and Z.-W. Mao, Inorganic Chemistry Frontiers, 2017, 4, 10-32; 
[4] J. Weynand, A. Diman, M. Abraham, L. Marcélis, H. Jamet, A. Decottignies, J. Dejeu, E. Defrancq and B. Elias, Chem. Eur. J., 

2018, 24, 19216-19227; 
[5] M. Gillard, J. Weynand, H. Bonnet, F. Loiseau, A. Decottignies, J. Dejeu, E. Defrancq, B. Elias, Chem. Eur. J., 2020, 26, 13849-

13860. 
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SELF-ASSEMBLY OF SECONDARY STRUCTURES: DEVELOPMENT OF A 

COMPLEMENTARY METHODOLOGY TOWARDS THE CONSTRUCTION OF 
SUPRAMOLECULAR CAGES  

KERFF, François  

SINGLETON, Michael  

UCLouvain – IMCN - Pôle MOST 

Place L. Pasteur, 1, L4.01.07, 1348 Louvain-la-Neuve 
 

Self-assembly is the spontaneous and reversible organization of molecular components into more complex 
ordered structures through non-covalent or reversible interactions. In the last decades, self-assembly has found 
increasing applications for a wide range of areas including catalysis, medicine, and materials development. 
Continued growth of these applications will rely on being able to develop new complex molecular architectures.1 
Just as new methodologies in synthetic chemistry can facilitate the synthesis of new complex molecules, new 
methodologies for self-assembly can expand the variety of complex supramolecular architectures available for 
the above applications. This research is looking at the hypothesis that the biomimetic approach of using 
secondary structural units for assembly can be selective and orthogonal tool for the design of discrete self-
assembled molecular systems. 

Nature extensively exploits the ability of secondary structures (alpha-helix, beta-sheets) to aggregate into 
complex though well-defined architectures. Recently, many research groups have focused their interest in 
aromatic oligoamide foldamers (AOF), synthetic molecules which adopt stable secondary structures in solution as 
a result of intramolecular interactions in the oligoamide sequence.2 AOF offer many advantages for the design of 
complex structures including high structural predictability, modularity, and ease of synthesis. This has allowed 
the development of helical capsules capable of guest recognition. However, another valuable property is the 
ability of certain AOF sequences to hybridize into multi-helical structures which are thermodynamically and 
kinetically stable. This work aims at studying the concept that double helical (or higher order) association of 
helical aromatic oligoamide foldamers can be used for the assembly of discrete nanostructures, and show that 
this approach can be used as an orthogonal driving force for the construction of new molecular capsules, in 
conjunction with other existing methods.  

 
References : 
[1] Steed J. W., Atwood J. L., Gale P. A., Wiley: Chichester, 2nd Ed., Supramolecular Chemistry, 2012; Leenders S. H. A. M. 

and others, Chem. Soc. Rev., 44.2 (2015), 433–48. 
[2] Ferrand Y., Huc I., Accounts Chem. Res., (2018), 970-977; Singleton M. L. and others, J. Org. Chem., 79.5 (2014), 2115–22; 

Ivan Huc, Eur. J. Org. Chem., 2004.1 (2004), 17–29. 
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GAS ADSORPTION IN POROUS SOLIDS: STRUCTURE, THERMODYNAMICS AND 
KINETICS FROM IN SITU DIFFRACTION STUDIES 

LI, Xiao 

FILINCHUK, Yaroslav 

UCLouvain – IMCN – MOST 

Place L. Pasteur 1, L4.01.03,  1348 Louvain-La-Neuve 

Gas adsorption by porous frameworks, especially by metal organic frameworks, covalent organic frameworks and 
zeolites, is one of the blossoming research fields in material science and chemistry [1]. The rational design of 
metal organic and other porous frameworks materials is of high demand for potential applications in storage, 
separation and delivery of the guest molecules of interest. The important point in such rationalization relies on 
the understanding of relationships between the crystal structure and the energetics of guest interactions within 
the pores of the framework.  

X-ray diffraction (XRD) and adsorption porosimetry are the main tools to characterize the structure and porous 
properties of crystalline frameworks. The former technique provides a microscopic view of structural response 
while the latter provides the pore size, pore volume, and surface area [2]. Based on several adsorption-driven 
phenomena, e.g., "negative gas adsorption" and "breathing" [3,4] the monitoring of dynamics in such materials 
by in situ XRD plays a key role for understanding the guest interactions with host materials. The recent 
development of X-ray and neutron diffraction methods allows to probe the porous materials during gas 
adsorption at variable temperatures and pressures by taking snapshots of the crystal structure at certain points 
of an isotherm with monitoring the phase transitions during gas adsorption [5]. 

In this work, we give two examples of studying thermodynamics and kinetics of Ar adsorption in porous γ-
Mg(BH4)2 by in situ powder X-ray synchrotron diffraction (PXRSD). Due to the comparable atomic scattering 
powers of the guest molecules (Ar with z = 18) and the host framework (Mg with z = 12), the structure 
refinements provide reliable amounts of the guest uptake, and thus the isotherms and isobars. They reveal a 
redistribution between two Ar sites within the pore (see Figures 1a and 1c) and allow for a thermodynamic 
analysis of interactions. In kinetics study, Ar uptake was followed at different temperatures as a function of time. 
Tens of thousands of powder patterns were treated by a sequential Rietveld refinement (Figure 1b), finally 
extracting from the Arrhenius plots the activation energy of Ar diffusion of 5.4 kJ·mol-1 [6]. 

  

Figure 1. a) The representation of γ-Mg(BH4)2 framework’s 1-D channel filled with Ar atoms in two 
crystallographic positions; b) The Ar adsorption kinetics at different temperatures; c) the redistribution of Ar 
occupancies between the crystallographic sites as a function of temperature (or gas loading). 
References : 
[1] Feréy G. Chem. Soc. Rev., 2008, 37, 191-214. 
[2] Muroyama N, et al. J. Phys. Chem. C 2008, 112, 10803-10813. 
[3] Krause S, et al. Nature, 2016, 532, 348-352. 
[4] Serre C, et al. J. Am. Chem. Soc. 2002, 124, 13519-13526 
[5] Carrington E, et al. Acta Cryst. B. 2014, 70, 404-422. 
[6] Dolgaliuk I, Senkovska I., Li, X., Dyadkin V., Filinchuk Y., Chernyshov D. Angew. Chem. Int. Ed. 2021, 60, 5250-5256. 
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CAVITY-ENHANCED AND HIGH RESOLUTION FOURIER-TRANSFORM 
SPECTROSCOPY 

LIBERT Alexis 
URBAIN, Xavier ; LAUZIN Clément. 

UCLOUVAIN - IMCN - Pôle NAPS 
Chemin du Cyclotron 2, L7.01.07, 1348 Louvain-la-Neuve 

The perfect instrument in spectroscopy measures spectra with high-resolution, high-sensitivity and in a small 
amount of time over a broad spectral range. Fourier-transform spectrometers allow for both high resolution 
and broadband measurements thanks to their multiplex advantage. By coupling the light source to an optical 
cavity, the sensitivity of the instrument is considerably increased since the interaction length of the light with 
the sample is increased by several orders of magnitude (reaching kilometric interaction lengths) [1].  

This oral communication presents the first results regarding the design and the fabrication of a homemade 
instrument that will embody all these features. This instrument is designed for the analysis of molecules in 
the gaseous phase from the near infrared to the UV ranges (2000-400 nm) with a resolution down to 0.0035 
cm−1. The spectrometer has the peculiarity to employ either a supercontinuum laser or a femtosecond laser 
as the broadband light source. Cavity enhanced absorption spectrum of water from 10500 to 14300 cm−1 has 
been measured in order to evaluate the performances of the setup. These measurements were performed in 
an auto-balanced detection scheme with the supercontinuum laser.  

Finally, when performing spectroscopy of complex molecules in the gas phase at high resolution, spectra are 
highly congested because many energy levels are populated, allowing a great number of transitions to occur. 
This results in difficulties to assign each transition to its corresponding energy levels. One solution is to cool 
down the sample to a few Kelvin in order to populate only the first few energy levels. This cooling can be 
achieved either by buffer gas cooling or by the use of a supersonic jet [2]. The design of the setup (under 
construction) to perform buffer gas cooling is presented as a short-term perspective. 

References : 
[1] Adler, F., Thorpe, M. J., Cossel, K. C., Ye, J. Annual Review of Analytical Chemistry, 3, 175-205. (2010). 
[2] Changala, P. B., Spaun, B., Patterson, D., Doyle, J. M., Ye, J. Applied Physics B, 122(12), 292. (2016) 
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DUAL FUNCTIONAL MATERIALS FOR CO2 CAPTURE AND METHANATION BASED 

ON RU-NA2O/SUPPORT  

MELO, Paulina 

DEBECKER, Damien 

UCLouvain – IMCN – Pôle MOST 

Place Louis Pasteur, 1, L4.01.09, 1348 Louvain-la-Neuve (Belgium) 

CO2 emissions have been increasing considerably in the last years being one of the main anthropic causes of the 
global warming [1]. Among the range of different options that can help in this aim, CO2 capture and storage (CCS) 
[2] and CO2 capture and use (CCU) [3] have become the focus of attention generating intense efforts in the 
scientific community. Particularly, combining CCS and CCU processes in one-site by Power-to-methane technology 
[4] where CO2 is first captured and then released in the form of a concentrated and “clean” stream, mixed with a 
hydrogen flow obtained from renewable sources in a catalytic reactor to produce CH4. Interestingly, this process 
can be operated in a single unit using a “dual functional material” (DFM) [5]. In this case, the focus of this research 
is mainly the development of such bifunctional solids that exhibit both high CO2 adsorption capacity and high 
activity towards CH4. 

Dual functional materials were prepared by wet-impregnation evaluating their performance in a CO2 adsorption – 
methanation coupled system at 200ºC. In this work, we made use of Na2O as the sorbent component and Ru as 
the catalyst, and both were dispersed onto Al2O3 or TiO2-R. To properly study the effectiveness of the DFMs, 
different precursors, loading of Ru and Na2O adsorbent, methodologies, annealing temperatures were used. XRD, 
N2 physisorption, XPS, DRIFTS, H2 chemisorption were implemented to evaluate the DFM’s characterization. 

Optimization studies showed that DFM 5.0Ru-6.1Na2O/Al2O3 was the best DFM (based on Na2O in the adsorbent 
composition) in the CO2 adsorption performance, displaying 0.15 molCO2/kg-DFM, a 3.7-fold improvement when 
compared to the base 6.1Na2O/Al2O3 and a physical mixture of 5.0Ru/Al2O3 + 6.1Na2O/Al2O3. In terms of CH4 
production, the DFM displayed 0.12 molCH4/kg-DFM while in the physical mixture 0.024 molCH4/kg-DFM. These 
results confirm that a dual functional material can improve, both CO2 adsorption and methanation due to its 
unique properties or synergy between its constituent elements. 

 

 

 

 

 
References: 
[1] Friedlingstein, P., et al., Persistent growth of CO2 emissions and implications for reaching climate targets. Nature 

Geoscience, 2014. 7: p. 709. 
[2] Koytsoumpa, E.I., C. Bergins, and E. Kakaras, The CO2 economy: Review of CO2 capture and reuse technologies. The Journal 

of Supercritical Fluids, 2018. 132: p. 3-16. 
[3] Rafiee, A., et al., Trends in CO2 conversion and utilization: A review from process systems perspective. Journal of 

Environmental Chemical Engineering, 2018. 6(5): p. 5771-5794. 
[4] Hidalgo, D. and J.M. Martín-Marroquín, Power-to-methane, coupling CO2 capture with fuel production: An overview. 

Renewable and Sustainable Energy Reviews, 2020. 132: p. 110057. 
[5] Melo Bravo, P. and D.P. Debecker, Combining CO2 capture and catalytic conversion to methane. Waste Disposal & 

Sustainable Energy, 2019. 1(1): p. 53-65. 
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Tin (Sn) is one of the best candidates as anode material for lithium-ion batteries, because of its high capacity and safe 
working voltage. However, it suffers from degradation due to the large variation in volume (~ 260%)1 induced by 
(de)lithiation. Several studies2,3 have shown the ability of Sn nanostructures to accommodate this volume change 
without degradation, but they still suffer capacity fade as a result of: (1) parasitic reactions to form the solid 
electrolyte interphase (SEI) that is exacerbated by the high surface area of nanostructures,3 and (2) “lithium trapping” 
that results from the difficulty with completely delithiating the nanostructures.4 
 
In this context, we reported on the electrochemical performance of three-dimensionally interconnected nickel-tin 
nanowire network (NiSn 3DNWN) electrodes featuring nanowire diameters of 230 nm, 105 nm, and 40 nm, 
respectively (Figure 1).5 The NiSn 3DNWN electrodes were fabricated by template-assisted electrodeposition into 
polycarbonate membranes with crossed cylindrical nanopores and ~20% porosity. The obtained highly-packed 
3DNWN architecture, as well as the nanowire diameters allowed for volume variation on (de)lithiation with minimal 
degradation. 
 
To mitigate the surface parasitic reactions, the effect of fluoroethylene carbonate (FEC) additive was also investigated 
as a function of nanowires diameter and additive concentration. The results have shown that all the FEC 
concentrations tested improve the capacity retentions and coulombic efficiencies of the NiSn 3DNWN electrodes. 
Moreover, the impact of electrolyte concentration on capacity retention and rate performance reduces as the 
nanowires diameter increases (i.e., as electrode surface area reduces). The obtained data suggest that it may result 
from the different capacity fade mechanisms evidenced for various nanowire diameters. 
 

 
Figure 1. NiSn 3DNWN with individual nanowire diameters of 230 nm (left), 105 nm (middle), and 40 nm (right). 

 
References: 
1. Beaulieu, L. Y., Beattie, S. D., Hatchard, T. D. & Dahn, J. R. The Electrochemical Reaction of Lithium with Tin Studied By In Situ 

AFM. J. Electrochem. Soc. 150, A419 (2003). 
2. Xin, F. & Whittingham, M. S. Challenges and Development of Tin-Based Anode with High Volumetric Capacity for Li-Ion 

Batteries. Electrochem. Energy Rev. (2020). doi:10.1007/s41918-020-00082-3 
3. Wang, B., Luo, B., Li, X. & Zhi, L. The Dimensionality of Sn Anodes in Li-ion Batteries. Mater. Today 15, 544–552 (2012). 
4. Rehnlund, D., Lindgren, F., Böhme, S., Nordh, T. & Zou, Y. Lithium Trapping in Alloy forming Electrodes and Current Collectors 

for Lithium based Batteries. Energy Environ. Sci. (2017). 
5. Omale, J. O., Van Velthem, P., Antohe, V.-A., Vlad, A. & Piraux, L. Effects of Electrolyte Additives and Nanowire Diameter on the 

Electrochemical Performance of Lithium-ion Battery Anodes Based on Interconnected Nickel-Tin Nanowire Networks. Energy 
Technol. Submitted, (2021). 

 

 



ORAL COMMUNICATION - 11 - 

IMCN Ph.D. Students' Day / May 21st, 2021 

 

CONJUGATED SULFONAMIDES AS A CLASS OF ORGANIC LITHIUM-ION POSITIVE 

ELECTRODES 

WANG, Jiande 

VLAD, Alexandru 

UCLouvain – IMCN - Pôle MOST 

Place Louis Pasteur 1, L4.01.02, 1348 Louvain-la-Neuve 

The applicability of organic battery materials in conventional rocking-chair lithium (Li)-ion cells remains deeply 
challenged by the lack of Li-containing and air-stable organic positive electrode chemistries. Decades of 
experimental and theoretical research in the field has resulted in only a few recent examples of Li-reservoir 
materials, all of which rely on the archetypal conjugated carbonyl redox chemistry. Here we extend the chemical 
space of organic Li-ion positive electrode materials with a class of conjugated sulfonamides (CSAs) and show that 
the electron delocalization on the sulfonyl groups endows the resulting CSAs with intrinsic oxidation and 
hydrolysis resistance when handled in ambient air, and yet display reversible electrochemistry for charge storage. 
The formal redox potential of the uncovered CSA chemistries spans a wide range between 2.85 V and 3.45 V 
(versus Li+/Li0), finely tunable through electrostatic or inductive molecular design. This class of organic Li-ion 
positive electrode materials challenges the realm of the inorganic battery cathode, as this first generation of CSA 
chemistries already displays gravimetric energy storage metrics comparable to those of the stereotypical 
LiFePO4.  

 

References : 
[1] Wang, J. et al. Conjugated sulfonamides as a class of organic lithium-ion positive electrodes. Nat. Mater. (2020). 

https://doi.org/10.1038/s41563-020-00869-1 
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Bacterial communities are essential components of the skin ecosystem, whose disbalance can be related to 
several skin disorders, such as acne, eczema or psoriasis. Therefore, exogenously supplying skin-beneficial 
bacteria to dysbiotic skin is increasingly considered as a way to restore immune response, inhibit infection and 
treat skin inflammation. A possible approach to advantageously use commensal bacteria to treat skin disorders 
consists of their encapsulation to control their dispersion and activity while avoiding their anarchic proliferation 
which may be a source of risks. Encapsulation of bacterial cells was previously successfully achieved using 
polymer shells[1], microcapsules, gels and electrospun fibers[2]. Here, we investigate the encapsulation of a 
commensal skin bacteria in polymer microtubes and in micropores of track-etched membranes and the influence 
of such encapsulation approaches on cell viability, proliferation and metabolic activity. 

The surface of well-defined cylindrical micropores of polycarbonate (PC) membranes was first modified with 
polyelectrolyte multilayers through layer-by-layer (LbL) assembly to anchor bacteria. Staphylococcus epidermidis 
(S. epidermidis), a Gram-positive commensal skin bacterium known to have potential benefits to human hosts, 
was then loaded in the micropores by filtration. Two different protocols were then tested to get encapsulated 
bacteria: the release of loaded polyelectrolytes microtubes from the pores of the PC membrane or the 
embedding of the PC membrane in agarose gel to get a patch. For both approaches, encapsulated bacteria were 
proved to be metabolically active and able to proliferate. However, the bacteria loading in polyelectrolyte 
microtubes was rather low, which is a considerable limitation. Therefore, we focused on the optimization of the 
membrane-in-gel patches for direct topical applications. Because a rapid release of S. epidermidis from the 
micropores was observed, the surface of the gel patch was modified with LbL multilayers based on 
alginate/chitosan or polyethylenimine/poly(styrenesulfonate) to form a barrier coating. These multilayers were 
demonstrated to efficiently delay the leaking of bacteria from the membrane-in-gel patch, with the lag time 
depending on bilayer number (coating thickness). Moreover, diffusion experiments evidenced that molecules 
mimicking products secreted by encapsulated bacteria could diffuse in the surrounding environment. Therefore, 
the membrane-in-gel patch approach is an efficient way to control the dispersion and proliferation of 
encapsulated bacteria while keeping their metabolic activity. 

 

Figure 1. Scheme of the membrane-in-gel patch loaded with S. epidermidis. 

 
References : 
[1] Jonas, A. M., Glinel, K., Behrens, A., Anselmo, A. C., Langer, R. S., Jaklenec, A. Controlling the growth of Staphylococcus 
epidermidis by layer-by-layer encapsulation. ACS applied materials & interfaces 2018, 10(19), 16250-16259. 
[2] Martín, M. J., Lara-Villoslada, F., Ruiz, M. A., & Morales, M. E. Microencapsulation of bacteria: A review of different 
technologies and their impact on the probiotic effects. Innovative Food Science & Emerging Technologies 2018, 27, 15-25.  
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Place Louis Pasteur, 1, 1348 Louvain-La-Neuve 

Organocatalysis and photoredox catalysis are two powerful techniques that facilitate the formation of 
enantioselective reactions between given molecules. MacMillan and co. merged these two fields in 
order to achieve the synthesis of complex asymmetric structures using sunlight.[1] However, the field of 
photoredox catalysis mostly relies on the photophysical properties of noble metal-based complexes 
such as ruthenium (II) and iridium (III), which limits the scalability of the application.[2] The 
development of efficient photocatalysts using cheap and abundant first row transition metals could 
offer a solution to this problem. Due to its high abundance, low cost and low toxicity, photosensitizers 
based on iron have long been considered as the holy grail for photochemical applications. 
Unfortunately, with a few exceptions, these photosensitizers suffer from extremely short, sub-
nanosecond, excited-state lifetimes that inhibit diffusional reactivity.[3-7] In this oral communication, we 
show that these limitations can be circumvented to achieve efficient excited-state electron transfer 
between an iron(III) photosensitizer and organic donors, with large cage-escape yields using green light 
irradiation.[8-10] This irradiation wavelength is particularly suitable for iron photosensitizers and also 
avoids the use of higher energy blue light that can directly excite the substrate, leading to unwanted 
side reactions and poorer understanding of the mechanistic pathways. A benchmark dehalogenation 
reaction was investigated where yields in excess of 90% were obtained. In-depth analysis using time-
resolved spectroscopic methods, was performed to unravel mechanistic details. 

References : 
[1] Nicewicz, D. A.et al., Science 2008, 322 (5898), 77-80. 
[2] Prier, C. K. et al., Chemical Reviews 2013, 113 (7), 5322-5363. 
[3] Gawelda, W. et al., Journal of the American Chemical Society 2007, 129 (26), 8199-8206. 
[4] Auböck, G. et al., Nature Chemistry 2015, 7 (8), 629-633. 
[5] Harlang, T. C. B. et al., Nature Chemistry 2015, 7, 883. 
[6] Liu, Y. et al., Chemical Communications 2013, 49 (57), 6412-6414. 
[7] Liu, Y. et al., Accounts of Chemical Research 2016, 49 (8), 1477-1485. 
[8] Chábera, P et al. Nature 2017, 543, 695. 
[9] Chábera, P. et al., The Journal of Physical Chemistry Letters 2018, 9 (3), 459-463. 
[10] Kjær, K. S. et al.,, Science 2019, 363 (6424), 249-253. 

 



VIDEOCLIP - 2 -  

IMCN Ph.D. Students' Day / May 21st, 2021 

 

PHOSPHORUS-CONTAINING POLYMERS FOR NON-FLAMMABLE SOLID-STATE 

ELECTROLYTES  

BAI Lu  

GOHY Jean-François  

UCLouvain – IMCN - Pôle BSMA   

Place Louis Pasteur 1/L4.01.01, 1348 Louvain-la-Neuve  

New solid polymer electrolytes are of particular interest for next generation high energy batteries since they can 
overcome the limited voltage window of conventional poly(ethers)-based electrolytes. Herein, a flame-retardant 
phosphorus-containing polymer, poly(dimethyl (methacryloyloxy) methyl phosphonate) (PMAPC1) is introduced 
as a promising polymer matrix. Free-standing membranes are easily obtained by mixing PMAPC1 with lithium 
bis(trifluoromethanesulfonyl)imide (LiTFSI) and a small amount of acetonitrile (AN). LiTFSI/AN mixed aggregates 
are formed, act as plasticizers role and enable ionic conductivities up to 1.6 × 10−3 S cm−1 at 100 °C. The high 
content of LiTFSI used in our electrolytes leads to the formation of a stable LiF solid electrolyte interphase, which 
can effectively suppress Li dendrites and the chemical degradation of AN in contact with Li. Accordingly the 
electrolyte membranes exhibit a wide electrochemical stability window above 4.7 V versus Li+/Li and fire-
retardant properties due to the presence of the phosphorus-containing polymer. Atomistic molecular modeling 
simulations have been performed to determine the structure of the electrolytes on the microscopic scale and to 
rationalize the trends in ionic conductivity and transport regime as a function of the electrolyte composition. 
Finally, our electrolyte membranes enable stable cycling performance for LiFePO4|PMAPC1+LiTFSI+AN|Li 
batteries.  

 

References : 
[1] V. Etacheri, R. Marom, R. Elazari, G. Salitra, D. Aurbach, Energy Environ. Sci., 2011, 4, 3243 
[2] M. Armand, J.-M. Tarascon, Nature, 2008, 451, 652 
[3]     S. Chu, Y. Cui, N. Liu, Nat. Mater., 2016, 16, 16 
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Slide-ring gels are a new class of polymer network of interest from both a fundamental stand point and 
for numerous applications. In these gels, the polymer stands are held together by linked macrocycles (rings) with 
each ring having a polymer chain threaded through its cavity to give rotaxane structures. This generates cross-
links that can move (slide) resulting in unique mechanical properties. The majority of slide-ring gels are based on 
rotaxanes using connected cyclodextrins as the macrocycles and PEG as the polymer. This macrocycle presents 
some limitations in the ability to readily modify the properties of these systems and as a result to test or better 
understand the factors contributing to their unique properties. [1-2] 

The recent description of foldaxanes by Huc and co-workers opens up a new possibility in the design of 
slide-ring gels; the use of pseudo-macrocyclic structures based on well-folded oligomers. [3-4] Our approach to 
the development of new slide-ring gels is through the use of short aromatic oligoamide foldamer (AOF) 
sequences designed to have a high-affinity for urea or carbamate groups in a polymer strand. To best optimize 
the interactions between the foldamer and the polymer, a series of short AOF sequences have been synthesized 
and their affinity for linear carbamates/urea containing molecules has been studied by NMR. The results of these 
studies and the perspectives of this approach are described.  

 

                                         
Figure 1: a) Schema – taken from [3] – and AOF receptor structure b) Slide-ring gel by the AOF approach 

c) Schema of interactions with (X = NH) urea or (X = O) carbamate as strand. 

References: 
[1] Y. Okumura, K. Ito, Adv. Mater. 2001, 13, 485-487 
[2] S. Granick, M. Rubinstein, Nature Materials 2004, 3, 586-587 
[3] Q. Gan, Y. Ferrand, C. Bao, B. Kauffmann, A. Grélard, H. Jiang, I. Huc, Science 2011, 331, 1172-1175 
[4] X. Wang, B. Wicher, Y. Ferrand, I. Huc, J. Am. Chem. Soc. 2017, 139, 9350-9359 
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     Cyanidation is one of the most used methods for leaching gold from ores in mining. Cyanide is chosen for its high 
efficiency and low cost, despite its toxicity. A non-pollutant alternative is thiosulfate, which also dissolves gold 
efficiently, forming the [Au(S₂O₃)₂]³⁻ complex. However, this green leaching agent is not broadly employed due to the 
difficulty in recovering gold thiosulfate from the leaching solution, as it has low affinity for sorbents like granular 
active carbon, which in contrast, can easily trap gold-cyanide complexes. Nowadays, the only option for gold 
thiosulfate recovery is strong-base polystyrene resins with amine sites. However, resins have low mechanical 
resistance to abrasion, which impede their widespread industrial employment 1. The goal of this research is to 
develop a functionalized active carbon capable of efficiently trapping gold thiosulfate. The idea is to create a new 
solid with the versatile properties of granular active carbon, enriched with different nitrogen groups (like amines), 
that would augment its capability of trapping gold thiosulfate. For this purpose, several functionalization methods 
have been implemented and compared. 

 
     To enrich active carbon with nitrogen groups, the general strategy 
involves the solid’s oxidation followed by its nitrogenation. Active carbon 
could be successfully oxidized by either HNO3 or air-humidified Glid-Arc 
plasma. This was confirmed by Boehm titrations, evidencing an increase of 
acidity from 8 mmol/100g (non-oxidized carbon) to 120 mmol and 
160 mmol/100g for plasma and HNO3 oxidized carbons, respectively. 
Oxidized carbons are rich in carboxylic acids (that are essential for grafting 
nitrogen groups in the next steps), lactones and phenols. Secondly, for the 
sample's nitrogenation, two methods were tested: 1) urea method and 
2) organic method 2. The urea method consisted in impregnating the 
oxidized solid with an urea saturated solution. The organic method 
involved multi-step reactions including acylation of the oxidized material 
and further contact with amines to obtain either primary or quaternary 
amine sites.  
 
      Regarding the material synthetized by the urea method, XPS analysis evidenced an increase in the surface nitrogen 
content from 1 at.% (non-treated carbon) to 5 at.%, after urea treatment. The high-resolution nitrogen peak showed 
the presence of species that could be assigned to C-N+ (  ̴401 eV), N-C amide/amine (  ̴400 eV) and N=C (  ̴398 eV). 
Considering the organic method, XPS analysis after amination showed an increase of the surface nitrogen content up 
to 5 at.%. C-N+ (  ̴401 eV), N-C (  ̴400 eV) and N=C (  ̴398 eV) components were as well observed. Additionally, the 
presence of nitrogen groups was corroborated in all the functionalized samples by FTIR with the presence of a new 
band at  ̴3200 cm¯1 (N-H str). Lastly, the nitrogen-rich carbons were contacted with gold thiosulfate solution (10 ppm) 
to assess their adsorption capacity. It was observed that while the non-functionalized carbon traps 20 % of gold from 
the solution, the functionalized ones accomplished: up to 68 % recovery for urea impregnated carbons and 100 % 
recovery for both primary and quaternary aminated carbons, which verifies the hypothesis that the presence of 
nitrogen groups enhances the gold thiosulfate adsorption capacity of the solid. Finally, even if the carbons produced 
by the urea method are less efficient in gold adsorption than the ones produced by the organic method, the former 
procedure is less pollutant (non-usage of toxic substances) and has a lower impact on the mechanical properties of 
the solid, an important aspect to consider for its future industrial application. 

 
References: 
[1] Aylmore, M., Muir, D. & Alymore, M. Thiosulfate Leaching of Gold-a Review. Miner. Eng. 14, 135–174   (2001). 
[2] Vidick, D. et al. Comparison of functionalized carbon nanofibers and multi-walled carbon nanotubes as supports for 

Fe-Co nanoparticles. J. Mater. Chem. A 1, 2050–2063 (2013). 
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Vinylcyclopropanes are key intermediates in organic chemistry which undergo several important 
rearrangements.[1] Unexpectedly, we discovered a new rearrangement of vinylcyclopropane 3 into skipped 
diene 4 proceeding at room temperature and with a high selectivity.[2] Based on this transformation, a synthetic 
strategy toward skipped dienes 4 was developed using sulfonium ylides and 1,3-dienes 1. 

 
In addition to the extension of the scope of the methodology, we have conducted a combined experimental and 
computational investigation of the mechanism of this rearrangement.[3] Obtained results enable us to gain a 
better understanding of the factors controlling reactivity and stereoselectivity in this process. 

We are now capitalizing on this new transformation to develop related methodologies involving a 1,2-migration 
promoted by Lewis acids. More specifically we are replacing the 1,3-diene 1 moiety by an activated olefin 5 or an 
α,β-unsaturated aldehyde 8. This allows us to obtain arylcyclopropanes 6 and epoxides 9 which are rearranged 
into activated olefins 7 and β,γ-unsaturated aldehydes 10, respectively; the global outcome of these 
methodologies consisting in a formal one-carbon homologation. 

 

References : 
[1] S. Clergue, O. Rousseau, T. Delaunay, G. Dequirrez  et al. Chem. Eur. J. 2018, 24, 11417-11425 
[2] M. Richald, A. Delbrassinne, R. Robiette, Eur. J. Org. Chem., 2019, 3779–3782 
[3]  A. Delbrassinne, M. Richald, J. Janssens, R. Robiette Eur. J. Org. Chem, submitted. 
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Hydrogenation of D-glucose into D-sorbitol is a significant process for the industry, as sorbitol can be 

transformed into many valuable chemicals and is also used as additive in a wide range of sectors such as food, 
cosmetic and pharmacy [1]. Although ruthenium is the most effective active phase for catalyzing this reaction, 
most commercial processes are still using bulk Raney nickel given its economical price. Hence, there is scope for 
developing non-noble metal formulations with high activity for supported catalysts applied to sorbitol 
production. Here, based on Ni catalysts, different compositions, nanostructure shapes and particle sizes were 
designed to investigate the active sites for glucose hydrogenation and their influence on sorbitol selectivity.  

Firstly, Carbon black (CB) supported Ni, Fe, and FeNi alloy catalysts were synthesized through sol-gel 
method, and characterized by XPS, P-XRD, N2 physisorption and ICP-OES techniques. We found that metallic 
nickel (Ni0) is the active phase, and can be more easily maintained in alloy catalysts compared with monometallic 
nickel catalyst. The glucose conversion with FeNi alloy catalyst is more than two times higher than the 
monometallic counterpart in the same conditions and retains similar selectivity as with pure Ni [2]. 

Secondly, in order to obtain Ni catalysts with specific facets enrichment on the surface, three different 
Ni shaped nanoparticles - nanosphere, nanorod and nanobead chains were prepared by altering the H2 pressure 
during the synthesis. Comprehensive characterization was applied to study the surface cleanness, crystallinity 
and active sites of those three catalysts. Ni nanosphere catalyst was observed to be the most active catalyst for 
glucose hydrogenation among those three, with an activation energy of 41.2 kJ/mol determined experimentally. 
This can be connected to the adsorption energy of hydrogen, glucose and sorbitol on the different facets of Ni 
particles calculated by DFT. 

Finally, different sizes of Ni particles were successfully synthesized using different temperatures during 
reduction process, and it turns out that the Ni catalyst activated at 550oC exhibits the best catalytic performance 
regardless of the type of carbon support, being either carbon black, graphene or active carbon. Thus, activity 
improvement of Ni catalyst for glucose hydrogenation reaction was achieved by altering the composition, tuning 
facets exposed and controlling size of Ni nanocatalysts.  
 
 
 
 
 
 
References : 
[1] Song J, Fan H, Ma J, Han B, Green Chem., 2013, 15(10), 2619-2635. 
[2] Fu Y, Ding L.P., Singleton M., Idrissi H., Hermans S, Appl. Catal., B, 2021, 
288, 119997. 
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Nowadays, the production of chemical materials from petrochemical industry has decreased because of the 
shortage in petroleum deposits and pollution issues [1]. As regards to oleochemical industry, oils and fats have 
become an interesting source of chemical base materials for several industrial applications such as polymers, 
cosmetics and pharmaceuticals. One reaction of great interest Is the oxidative cleavage of unsaturated fatty acids 
(UFAs) which consists in the scission of the carbon-carbon double bond for their transformation into value-added 
dicarboxylic acids. A new composite heterogeneous catalytic system is proposed for the valorization of oleic to 
azelaic and pelargonic acids. The reaction is performed with Ru species supported on a carbon black that was 
previously oxidized and then functionalized with polydopamine. Being a polymer with hydroxyl and amine groups 
polydopamine provides moieties acting as tweezers able to complex Ru species. A representation of this new 
composite catalyst is built from its characterization by FTIR, TGA, and XPS. Catalytic tests in a biphasic system 
using NaIO4 as oxidizing agent demonstrates the efficiency of the composite, reaching a conversion and 
selectivity towards pelargonic and azelaic acids around 95% after 24 h at room temperature. The reaction 
mechanism is explored by UV-Vis spectrophotometry, ICP elementary analysis and NMR spectroscopy, together 
with recyclability and hot centrifugation tests. The occurrence of a boomerang mechanism is demonstrated. The 
solid catalyst is indeed recyclable at least 4 times without activity loss, while Ru species are shown in the reaction 
medium performing the reaction in homogeneous phase. However, polydopamine is confirmed to recover Ru 
species once the reaction ends, guarantying their recyclability. The synthesized composite therefore combines 
the advantages of homogeneous and heterogeneous catalysis in the investigated reaction. 

 

 

References : 
[1] Mecking, S. Nature or Petrochemistry?—Biologically Degradable Materials Angew. Chem., Int. Ed., 2004, 43, 1078–1085. 

https://doi.org/10.1002/anie.200301655. 
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Pioneered by Heck in 1974, metal-catalyzed carbonylative cross-coupling reactions with carbon monoxide 
have been focused for decades on the use of noble metals such as palladium[1]. Although these catalytic 
systems have benefits in reactivity and efficiency, their high costs and toxicity however limit their 
applications. Due to their advantages such as abundance, low price and reduced toxicity,[2] the use of non-
noble catalysts in such reactions still remains a challenging goal in organic chemistry.         

Based on our ongoing research interests, we became attracted to fill this gap and investigate an unexplored 
area of copper catalysis studying the use of copper complexes in carbonylative cross-coupling reactions.  

We have indeed developed the first copper-catalyzed carbonylative cross-coupling reaction between aryl 
iodides and amines for the immediate synthesis of benzamides with a practical, straightforward and general 
method. This new procedure displays a strong synthetic potential for the preparation of carbonyl-containing 
compounds and benefits from the advantages of a cheap and non-toxic catalyst. The development of this 
process and its broad scope will be discussed.        

 
 
 
 
  

 

 
References: 
[1] For selected representative reviews, see: (a) Barnard, C.F. J. Organometallics, 2008,27,5402. (b)Brennfuhrer, A.; Neumann, H.; 

Beller, M. Angew. Chem. Int. Ed. 2009, 48, 4114. (c) Brennfuhrer, A.; Neumann, H.; Beller, M. ChemCatChem, 2009,1,28. (d) 
Gadge, S. T.; Bhanage, B. M. RSC Adv.,2014, 4, 10367. 

[2] For selected representative reviews on non-noble metal catalyzed reactions, see: (a)Sun, C. L.; Li, B. J.; Shi, Z. J. Chem. Rev., 
2011, 111, 1293. (b)Furstner, A. Angew. Chem. Int. Ed. 2009, 48, 1364.(c)Correa, A.; Garcia Mancheno, O.; Bolm, C. Chem.Soc. 
Rev., 2008, 37, 1108. (d) Allen, S. E.; Walvoord, R.R.; Padilla-Salinas, R.; Kozlowski, M.C. Chem. Rev., 2013, 113, 6234. 
(e)Wendlandt, A. E.; Suess, A.M.; Stahl, S. S.  Angew. Chem. Int. Ed. 2011, 50, 11062. (f)Guo, X.X.; Gu, D.W.; Wu, Z.; Zhang, W. 
Chem. Rev., 2015, 115, 1622. 
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The linear viscoelasticity of monodisperse polymer melts is well understood and described thanks to tube-based 
models. On the contrary, non-linear flows remain a challenge to model even though these are highly relevant for 
industrial processes. For example, while the tube molecular picture can explain the behavior of melts under 
linear flows, it fails to predict the strain thinning exhibited under high elongation rates and would rather predict 
strain hardening. Therefore, new relaxation mechanisms such as the interchain pressure effect or monomeric 
friction reduction have been proposed to explain the experimental data. However, while being in good 
quantitative agreement with a large set of data by fitting additional parameters, some specific experimental set-
ups challenge these mechanisms [1]. 

In this work, we show that by including the influence of all Rouse relaxation modes as well as the impact of 
orientation on the relaxation of a chain segment between two entanglements, quantitative prediction of the 
elongation steady viscosity is reached for a wide set of monodisperse linear polystyrene melts, regardless of the 
entanglement state of these samples. This result suggests that there is no need for an additional mechanism to 
model the steady and transient viscoelasticity of both entangled and unentangled polystyrene melts, which is in 
agreement with recent molecular simulation data [2]. 

Based on these considerations the McLeish-Larson model [3] is adapted to describe the transient viscosity of 
linear polymers and to finally obtain a new model in agreement with experimental data for polystyrene melts. 
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10.1021/acs.macromol.9b01161 
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VIDEOCLIP - 10 -  

IMCN Ph.D. Students' Day / May 21st, 2021 

 

FRIENDLY ENVIRONMENTAL UNSATURATED POLYESTERS FROM GLYCOLYZED PET 

OLIGOMERS MODIFIED BY BIO-SOURCED ANHYDRIDE 

KUETE, Martial Aime 

BAILLY, Christian; NYSTEN, Bernard 

UCLouvain – IMCN - BSMA  

Croix du Sud, 1, bte L7.04.02., 1348 Louvain-La-Neuve 

Polyethylene terephthalate (PET) is one the most used polymers in the world today, mainly in packaging 
applications such as soda/water bottles. The consumption of these goods generates a huge quantity of non-
biodegradable waste, with hazardous consequences to the environment and loss of non-renewable resources. 
recycling of PET. Recycling of PET has become vital to reduce these Impacts. Environmental legislations are 
increasingly encouraging the development of various technologies for the valorization of such wastes in new 
consumption products [1]. Two main options for polymer recycling in general are the mechanical and chemical 
routes. Unfortunately, chemical recycling of PET by the depolymerization and repolymerization process is very 
complex and note cost-effective. On the other and, mechanical recycling through melt reprocessing is simple and 
cost-effective but leads to unacceptable loss of properties in the case of PET [2].  

In this paper, an economical and environmentally friendly synthesis of unsaturated polyester (UP) are study, with 
potential use in low-cost composites is Investigated, based on PET (Waste) and additional bio-sourced reactants 
by depolymerization and repolymerization process. the depolymerization of PET flakes was carried out in 
ethylene glycol, propane-1,2-diol, propane-1,3-diol and methylpropane-1,3-diol under different experimental 
conditions (temperature, time, PET/Diol ratio). The resulting glycolyzed PET co-oligomers, characterized by FTIR, 
thermal analysis and NMR, were further reacted with citraconic anhydride and additional glycol to produce 
unsaturated polyester with average molar mass between 3500 and 9500 g/mol. Physico-chemical properties of 
the unsaturated polyesters (acid and hydroxyl end-chain concentrations, average molar mass, glass transition and 
melting temperature, 1H NRM and 13C NMR were studied as a function of the structure and the molar mass of the 
starting PET oligomers. Amorphous and low melting point unsaturated polyesters with attractive glass transition 
temperature between 35 and 50°C and thermal stability around 300°C were obtained with propane-1,3-diol and 
methylpropane-1,3-diol. 

 

 

 

References : 
[1] Shukla SR, Harad AM and Jawale LS, polym Degrad Stab 94: 604-609 (2009).  
[2] Kim HT, Kim JK, Cha HG, Kang MJ, Lee HS, Khang TU, Yun EJ, Lee DH, Song BK, Park SJ, Joo JC and Kim KH, ACS Sustainable 

Chem Eng 7 (24):19396-19406 (2019).  
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         Tumors are strongly influenced by the surrounding tissue, which forms a specialized area termed 
the tumor microenvironment (TME). The high metabolic demand through glycolysis in tumors far away 
from tumor vasculature leads to an accumulation of H+ in the TME. Therapeutic modalities target 
pathways allow cancer cells to resist environmental acidosis while other strategies aim to exploit 
acidosis to selectively deliver drugs into tumors. Here, a pH and reduction-responsive peptide-drug 
conjugate (PDC), pHLIP-SS-Drug, was synthesized to improve anticancer drug selectivity. Another part 
of tumor cells produces energy mainly through glucose oxidative phosphorylation pathway. A series of 
selective inhibitors of complex Ⅰ, which is an important protein in the electron transport chain, was 
designed and synthesized. Preliminary results of pharmacological activity have been obtained. 
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Lett, 2011, 2(5):407-412; d) Yeh V S, J. Med. Chem, 2012, 55(4):1751-7; e) Fox B M, J. Med. Chem, 2014, 57(8):3464. 
[3] a) Molina J R. Nat. med., 2018, 24(7): 1036-1046; b) Urra F A. Front. Oncol., 2017, 7: 118.; c) Ashton T M. Clin. Cancer 

Res., 2018, 24(11): 2482-2490. 
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Cocrystals have drawn increasing attention in recent years due to their ability to improve physical properties of 
active pharmaceutical ingredients (APIs) without changing the chemical structure of the original drug.[1,2] 
Although still in debate, a well-accepted definition describes cocrystals as “solids that are crystalline single-phase 
materials composed of two or more different molecules and/or ionic compounds generally in a stoichiometric 
ratio which are neither solvates nor simple salts”. More specifically, pharmaceutical cocrystals combine a drug 
compound and a pharmaceutically acceptable coformer. There have been 8 pharmaceutical cocrystals marketed 
up to date, with an even more important number undergoing clinical trials. 

Indexed as a GRAS (General Regarded as Safe) compound, urea is an excellent choice of coformer from a 
pharmaceutical (safe) and economic (urea is an inexpensive compound) point of view. High water solubility 
coformers in general increase the solubility of the API when the cocrystal is formed. Urea cocrystals are therefore 
expected to strongly impact the API solubility. Urea furthermore has functional groups frequently encountered in 
cocrystal hydrogen bonding patterns, and therefore forms an ideal candidate for co-crystal screening.  

We here present three novel urea comprising pharmaceutical cocrystals with catechin, 3-hydroxyl-2-naphthoic 
acid and ellagic acid, all of which show interesting bioactivity. [3-5] Specifically, ellagic acid is widely used in food 
and pharmaceutical industry owing to its antioxidant and anti-inflammatory effect. In this work we show how 
cocrystalization with urea, leads to a 17-fold solubility increase of ellagic acid, as well as an improvement of the 
physical stability of catechin. This work therefore further underlines the potential of urea for the improvement of 
physical properties of API through cocrystalization. 
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The use of metal-ligand coordination within soft materials forms a very promising and useful class of materials 
with rich and tunable properties ranging from liquid-like to rubber-like behavior.[1] In this work, we use slightly 
entangled telechelic stars of poly(n-butyl acrylate) end-capped with 2,2:6,2’’-terpyridine at each chain extremity 
(Star-PnBA-tpy4) and telechelic linear PnBA (Linear-PnBA-tpy2) as well-defined model systems to form Tpy-M2+ 
complexes once transition metal ions are added.[2] The influence of temperature, nature of metal ions as well as 
ion content on the linear viscoelastic properties of both single and dual metal ion systems is systematically 
investigated by rheology measurement. The experimental results reveal that the dynamics of the systems 
containing two different metal-ligand transient crosslinks is much faster than expected, an average value of the 
lifetime of the two transient metal-ligand crosslinks being obtained rather than a discrete contribution of each 
metal-ligand complex. On the other hand, it is observed that the viscoelastic properties of samples containing a 
large excess of metal ions in respect to their stoichiometric amount differ from those of the other samples. This 
result is explained by the phase separation of metal-ligand complexes from the polymer matrix induced by the 
difference in polarity between the charged terpyridine-metal ion complexes and PnBA polymer. The obtained 
results with telechelic Star-PnBA-tpy4 are also compared to the properties of supramolecular assemblies built 
from linear-PnBA-tpy2 building blocks. We model the linear dynamics of these associating systems with the help 
of our modified tube-based time marching algorithm (TMA) model by accounting for both the 
association/dissociation dynamics of the complexes and their possible aggregation, in addition to the 
entanglement dynamics. This allows us to quantify different species formed in the system and to elucidate their 
specific role in the relaxation dynamics of the resulting associating systems. On this basis, we assess the 
association probability of the complexes, in order to rationalize the viscoelastic properties of the resulting 
materials. 

 

Figure 1. Schematic representation of an ideal metal-ligand transient cross-linked dual network. 

References: 
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Non-covalent interactions are widely implicated in the formation of large supramolecular biological assemblies in 
nature. However, there are few examples for directing self-assembly of metal-organic architectures that involving 
a combination of multiple types of interactions. Herein, we focus on understanding how non-covalent 
interactions direct the self-assembly of metal-organic and low symmetry metal-organic cages, and their 
applications. We successfully mimicked the behavior observed in biological complexes to develop controlled self-
assembly of three types of supramolecular structures: capsules, cubes and spheres. The endohedral groups result 
in a unique interior cavity compared to common cages and can bind neutral guests in polar solvents. Based on 
this, we successfully undertook the challenging task of designing more complex systems with low symmetry 
ligands. The design of the reduced-symmetry ligands relies on steric and conformational constraints to effectively 
promote self-assembly and self-sorting of metal-organic architectures with remarkable isomer selectivity. This 
was unambiguously confirmed by NMR and solid crystal structure analysis. Functionalization of the cages allowed 
them to act as catalysts with remarkable rate enhancements and product selectivity. These results offer 
important design principles for the construction of new functionalized metal-organic cages, especially for 
controlling conformational flexibility and using lower symmetry ligands for self-assembled systems.  

 

 
Figure 1. Design of ligands showing the important non-covalent interactions and cartoon representations of the 
products of their self-assembly with Pd2+ are shown at the right. 
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The increase in consumption of non-renewable fossil fuels is not only a problem because of limited stock, but 
also leads to environmental pollution. Thus, the transition towards a new, clean and reliable energy system, 
capable of fitting the future energy demand, is one of the greatest challenges of the 21st century. 

In line with these demands, hydrogen has a huge potential.[1]
 However, developing efficient hydrogen storage 

systems is a great challenge, especially for mobile applications, like using hydrogen as fuel for cars. The material 
has to match many requirements, including high hydrogen content, low gravimetric density, low operational 
temperatures and reversibility.[2] 

 

The molecular complex [Al(NH3BH3)(BH4)3] shows very interesting 
properties. It has 17,7 wt% H2, has a first endothermic dehydrogenation 
step (suggesting possible reversibility) and releases pure hydrogen between 
70 and 90 °C. This system seems almost perfect, but has two issues: 
rehydrogenation could not be achieved and its precursor, Al(BH4)3 is highly 
pyrophoric.[3] To address these issues, and try to keep the promising 
properties, we tried to synthesize similar complexes with slightly different 
ligands.  

 

On one hand, NH3BH3 was modified to try to allow reversibility (e.g. 
CH3NH2BH3). This is because we could identify which hydrogen is involved in the second, irreversible 
decomposition step,[3] and by replacing the hydrogen by a less reactive group (e.g. CH3-) we hope to avoid it. On 
the other hand, Al(BH4)3 was replaced by AlCl3, a much safer precursor. 

While investigating this, other metals than aluminium, namely magnesium, zinc and manganese, are explored 
with the same ammonia borane derivatives. The metals were chosen based on their charge in cationic form, 
Lewis acidity and relative lightness. 
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Polymer networks are created by cross-linked polymer chains. These links can be either covalent (permanent) or 
non-covalent (reversible) with consequent effects on the material properties. Both types of networks have 
advantages and disadvantages: chemical networks resist flow and creep but are difficult to process and recycle, 
while physical networks are reversible but susceptible to structural changes in the long term. To overcome these 
limitations, double networks are made of two interpenetrating polymer networks which can be either both 
covalent, non-covalent or a mix of covalent and non-covalent networks. The combination of a sacrificial first 
network with a stable and sparsely crosslinked second network offers a balance between extensibility and 
toughness.1 

In this project, we aim at developing double network elastomers based on metal-ligand supramolecular 
interactions and reversible covalent bonds2. The first network is highly crosslinked by metal-ligand bonds, while 
the second network is sparsely crosslinked by reversible covalent bonds of the imine type. The dynamics of the 
metal-ligand complexes can be modulated in a broad range according to the type of metal ions used, while the 
imine-aldehyde exchange reaction is slower and is only activated at high temperatures.  

The networks are studied separately and together using linear rheology in the melt state to understand the effect 
of the two different dynamics on the structure and properties of the double networks, and the effect of 
experimental parameters such as the nature of the metal ions and their concentration on the association of the 
sticky polymer chains. 

References : 
[1] Creton, C. (2017). Macromolecules, 50, 8297–8316. 
[2] Zou, W., Dong, J., Luo, Y., Zhao, Q., & Xie, T. (2017). Adv. Mater., 29, 1606100. 
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The concept of using light in order to initiate chemical reactions was already existing before 
Human life, but its use in laboratories starts to be well studying during the eighteenth century [1]. 

The photoredox catalysis is a more recent subject, 70’s, the interest consist thanks to the light 
energy and a catalyst (a polyoxometallate in our case) to initiate a catalytic cycle by an electron 
transfer. This methodology increases the reductive and oxidant abilities of our catalyst [2] 
(TetraButylAmmonium DecatungstaTe: TBADT). When this catalyst is excited by a blue light it 
can realize a HAT reaction (hydrogen atom transfer) on SP3 C-H and Si-H bonds, but also on SP2 
C-H bond like aldehyde [3]. 

The idea of our project was to react the acyl radical of an aldehyde with an isoxazolinone-4-
alkylidene, a molecule precursor of a triple bond by a nitrosation reaction [4], leading to a 
substituted propargyl ketone. These molecular scaffolds are not so common in the literature and 
can be easily valuable by further transformation into furan derivatives [5]. 
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Negative ions, in particular those of carbon and oxygen, are of fundamental interest for the understanding of 
electron correlation and also play an important role in domains such as astrophysics and atmospheric physics. In 
the case of O−, there was a long-standing discrepancy between theory and experiment, which was recently 
resolved by new measurements using an animated-crossed-beam technique to determine absolute total cross 
sections. The new experimental cross sections are about 20% larger than the earlier values, and are in very good 
agreement with new theoretical results presented in the same publication.  

For C− , the only experimental values near the photodetachment threshold date back more than 40 years. 
The measurements however were not absolute, and were normalized using the older O− cross sections. Since the 
latter have now been superseded, it appears necessary to revise the experimental values for C− by measuring 
them directly.  

Here we report results for the photodetachment of C−. These are in very good agreement with results of a 
new R-matrix calculation, which employs a basis set with polarized pseudostates to reproduce the polarizability 
of the carbon ground state.  

 

References : 
[1] M. Génévriez, K. M. Dunseath, M. Terao-Dunseath, A. Hibbert, A. Dochain, R. Marion, and X. Urbain, Phys. 

Rev. A 98, 033410 (2018) 
[2] R. Marion, K. M. Dunseath, M. Terao-Dunseath, and X. Urbain, Phys. Rev. A 103, 023115 (2021) 
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Co3O4 nanoparticles have long been taken as a reference material when studying the spinel structure 
these three past decades, for both industrial applications and pedagogic issues. The influence of doping of this 
material with a different metal (e.g. Fe, Ni, Mg, Mn, Ca) has been investigated for improving a particular property 
or understanding the role of every metal site on the properties of spinel materials. Co-precipitation is a most 
common method reported in the literature for their synthesis. It consists of the thermal decomposition of 
precursors obtained via the reaction between O-donor ligands and the desired metals. O-donor ligands used for 
that purpose are generally synthetic, while many are readily available in our environment, mostly in plants, and 
therefore can be used as a green source. Here, we report, the synthesis of mixed nanoparticles of cobalt-iron 
oxide (Co(1-x)Fex)3O4 and nanocomposite materials (Co(1-x)Fex)3O4/Fe3O4 using fatty acids obtained from palm 
kernel oil as ligands. 

This oil was extracted from dried palm kernel seeds by crushing, squeezing and filtration. The reaction 
under reflux of the oil with potassium hydroxide yielded to mixture of carboxylate and remaining hydroxide ions, 
no matter the time of saponification reaction. Mixing the resulting solution with a metallic cobalt iron solution in 
the desired proportion allowed us to obtain a metallo-organic precursor. While GC provides the fatty acid profile 
in the exact proportion predicted by the literature, (ICP-AES) confirms the expected metallic ratio. The analyses 
of the thermal decomposition products by XRD, EDX, TEM and ToF-SIMS reveal that, depending on the Co/Fe 
ratio, nanoparticles of iron doped cobalt oxide (Co(1-x)Fex)3O4 (x≤0.2) or a biphasic nanocomposite material (Co(1-

x)Fex)3O4/Fe3O4 (x≥0.2) are produced. While XRD indicates that there is only one spinel phase for nanoparticles of 
iron doped cobalt oxide (Co(1-x)Fex)3O4 (x≤0.2), Tof-SIMS provides a direct evidence of the progressive substitution 
of cobalt by iron in the Co3O4 spinel structure. 
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Nowadays, commercial lithium-ion batteries are fabricated with electrodes separated by a 
flammable electrolyte based on organic solvents. Unfortunately, liquid electrolytes can lead to 
fire issues, explosion of the batteries and the resulting batteries cannot operate at a high 
voltage.[1] Therefore, new generations of safer batteries are under development. Among them, 
lithium metal batteries (LMBs) incorporating a solid-state electrolyte and a lithium metal anode 
are investigated. One of the major issues in LMBs is the ionic conductivity at room temperature 
of the solid electrolyte.[2] Furthermore those new solid electrolytes should be stable in a large 
electrochemical window. 
 
In this context, we are developing novel solid polymer electrolytes derived from a phosphonate 
monomer.  Radical polymerization (RAFT or free) is used to prepare well-defined statistical 
copolymers containing phosphonate (MAPC1) and cyclocarbonate-containing (MA-cyCB) 
monomers. This combination allows us to combine the flammability resistance and conductivity 
of phosphonate and the conductivity of cyclocarbonate groups when mixed with lithium salts 
(LiTFSI) to obtain a solid electrolyte. 
 
Ionic conductivities obtained at room temperature for those copolymers are in the same range as 
typical solid polymeric electrolyte not based on poly(ethylene oxide) (10-5 S/cm) and these 
electrolytes are stable in a large electrochemical window (0,5-6V vs Li+/Li) and until high 
temperature (>120°c).  Furthermore, the addition of inorganic conductor particles (Li7-2xLa3Zr2-

xWwO12, LLZWO) to enhance the conductivity as well the difference between copolymer and 
mix of homopolymers electrolytes has been investigated. 

 

References : 
[1] Q. Wang, C. Chen, Journal of Power sources, 208 (2012) 210-224 
[2] H. Xiangming, W. Shuailing, Internation Journal of Mining Science and Technology, 23 (2013), 13-20  
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Many current investigations are focused on the design of new metal-organic materials. Bispyrazolyl 

pyridine ligands are good candidates to design a wide range of functional metal–ligand coordination 

architectures with different transition metals. The key feature of these heterocycle ligands is their ᴨ-electron 

deficiency,[1] their ability to form different coordination modes, leading to versatile functionalities. On the 

other hand, the connectivity between pyridine ortho positions and pyrazole ring positions has a great impact 

on the communication between these two functionalities.[2]  

In this work, we develop the synthesis  of two types of pyridine carrying 5-membered heterocyclic 

groups: the diethyl  2,2’–(pyridine-2,6–diylbis(5-methyl-1-pyrazol-3-diyl) diacetate (L1) which belongs to the 

C-C junction series[3] and the diethyl 1,1’-(pyridine-2,6-diyl)bis(5-methyl-1H-pyrazole-3-carboxylate) (L2) which 

belongs to the C-N junction series.[4] The reaction of L1 with Cd(II) and Mn(II) salts and L2 with Fe(II) and Ni(II) 

salts leads to the formation of four mononuclear coordination complexes: [CdL1Cl2] (1), [MnL1Cl2] (2), 

[FeL2
2](ClO4)2 (3) and [NiL2

2](ClO4)2 (4), respectively. These compounds have been characterized using single 

crystal X-ray diffraction, infrared spectroscopy, HRMS and Mössbauer spectroscopy. The single crystal 

structures of 1 and 2 are discussed in the context of the effect of hydrogen bonding functionalities and 

counter anions on the supramolecular structural diversities observed in these new coordination complexes. 

 

References : 
 [1] G.P. Guedes, I.F. Santos, L.A. Mercante, N.L. Speziali, J.A.L.C. Resende, A.M.R. Bernardino, M. Andruh, M.G.F. Vaz, 

Cryst. Growth Des. (2015), 15, 1027–1030 
[2]  M. A. Halcrow, Coord. Chem. Rev. (2005), 249, 2880. 

   [3]  A. Oulmidi, S. Radi, H. N. Miras, N.N. Adarsh, Y.Garcia . Sustainability (2020), 13, 288. 
  [4] A. Oulmidi, S. Radi, A. Idir, Z. Abdelmajid, K. Robeyns, Y. Draoui, Y. Garcia, submitted. 
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Abstract for the Oral Communication  

DNA nanotechnology uses the recognition process of complementary DNA strands in order to self-assemble a 
variety of nanostructures, from nanoparticle crystals to molecular origamis. However, despite the impressive 
range of created structures, the limited stability of the DNA phosphate backbone prevents the use of DNA 
nanotechnology for longer-term applications. Therefore, we are investigating ways to synthesize chains having a 
more stable backbone, functionalized with a controlled sequence of DNA bases or analogs: For this, an iterative 
exponential growth plus side chain functionalization (IEG+) route1 was successfully used to synthesize scalable 
and stereoregular sequence-defined polymeric structures; guanine (G)-cytosine (C) and 2,6-diaminopyridine 
derivative (D)-thymine (T) base pairs were chosen as recognition units. We are currently starting the study of the 
recognition process between complementary synthetic strands at the liquid-solid interface. In this aim, probe 
chains are grafted on a solid surface, and the recognition process by complementary target chains in solution is 
followed by in-situ ellipsometry.  An all-R tetramer TGCT was designed as a probe chain; as complementary target 
chains, the all-R and all-S DCGD tetramers were synthesized. In the presentation, we will show the synthetic 
route used to generate efficiently these sequence-controlled oligomers, and how they can be immobilized via 
copper-catalyzed alkyne-azide cycloaddition (CuAAC) on an appropriate surface for in-situ ellipsometry 
experiments. 

 

Figure 1. Recognition of stereo-controlled and sequence- defined oligomers at the solid-liquid interface 

References : 
[1] Li, J., Leclercq, M., Fossepré, M., Surin, M., Glinel, K., Jonas, A. M., & Fernandes, A. E. (2020). Discrete multifunctional 

sequence-defined oligomers with controlled chirality. Polymer Chemistry, 11(24), 4040-4046 
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The symbiont dinoflagellate Amphidinium is an incredible biological manufacturing. In 
1989, Kobayashi [1] discovered at least 10 Amphidinolide (A-J) with a cytotoxicity activities 
against murine leukemia P388, L1210 cells and human epidermoid carcinoma KB cells. In 
1993, Kobayashi [2] isolated a new molecule Amphidinolide K. In 2003, Kobayashi [3] 
reported the latest bioactive molecule Amphidinium Y. According to our knowledge, 29 
interesting molecules have been isolated from Amphidinium sp. Three total synthesis of 
Amphidinolide K have been reported by Williams [4], Lee [5] and Vilarrasa [6]. We got 
interested in this molecule after T. Xhurdebise [7] discovered a fortuitous ring contraction 
and exemplified it in our lab. Combined with the ene-IMSC sequence, we have a powerful 
tool to synthesize THF ring of Amphidinolide K. Moreover, we developed a fast and scalable 
synthesis of both enantiomer of protected glyceraldehyde. 

 

 

References : 
[1] J. Kobayashi, M. Ishibashi, H. Nakamura, Y. Ohizumi, T. Yamasu, Y. Hirata, T. Sasaki, T. Ohta, S. 

Nozoe, J. Nat. Prod. 1989, 52 (5), 1036. 
[2] M. Ishibashi, M. Sato, J. Kobayashi, J. Org. Chem. 1993, 58, 6928. 
[3] M. Tsuda, N. Izui, K. Shimbo, M. Sato, E. Fukushi, J. Kawabata, and J. Kobayashi*, J. Org. Chem. 

2003, 68 (23), 9109. 
[4] D. Williams and K. Meyer, J. Am. Chem. Soc. 2001, 123, 765. 
[5] H. Min Ko, C. Whan Lee, H. Kyoo Kwon, H. Seung Chung, S. Young Choi, Y. Keun Chung, and E. 

Lee, Angew. Chem. Int. Ed. 2009, 48, 2364. 
[6] D. Sánchez, T. Andreou, A. M. Costa, K. G. Meyer, D. Williams, I. Barasoain, J. F. Díaz, D. Lucena-

Agell, and J. Vilarrasa, J. Org. Chem. 2015, 80, 8511. 
[7] Th. Xhurdebise, PhD Thesis, 2017, UCL. [1] J. Kobayashi, M. Ishibashi, H. Nakamura, Y. Ohizumi, T. 

Yamasu, Y. Hirata, T. Sasaki, T. Ohta, S. Nozoe, J. Nat. Prod. 1989, 52 (5), 1036. 
 

 



VIDEOCLIP - 24 -  

IMCN Ph.D. Students' Day / May 21st, 2021 

For Internal Use Only 

 

MORPHOLOGICAL ORIGINS OF TEMPERATURE AND RATE DEPENDENT 

MECHANICAL PROPERTIES OF MODEL SOFT THERMOPLASTIC ELASTOMERS   
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VAN RUYMBEKE, Evelyne  
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DSM Materials Science Center, Urmonderbaan, 6167 RD Geleen The Netherlands 

Thermoplastic elastomers (TPEs) offer a sustainable alternative to rubbers as they are crosslinked via physical 
associations and trapped entanglements that lead to high elasticity coupled with melt processability.1 They are 
already widely used in applications such as automotive ducts, shoes, medical devices and hot melt adhesives. 
However, many TPEs based on multiblock copolymers with hard block (HB) wt% < 50% show a large reduction in 
toughness at higher temperatures, independent of their exact chemical structure, type of association or block 
polydispersity.2,3,4 This is a significant limitation in reaching the desired properties in a sufficiently wide 
temperature use range. Through a combination of mechanical testing and morphological characterization for a 
series of model polyether-ester block copolymers, we look at the influence of composition (HB/SB (softblock) 
ratio), temperature, and molecular weight (Mw) to gain insights into the key parameters that influence the 
mechanical behavior at different stages of deformation and into the failure mechanism. Both tensile tests and 
fracture tests are performed at different rates and temperatures to evaluate the effects of localization 
phenomena in these systems. Fracture tests showed different behaviors between notched and un-notched 
samples, highlighting the importance of the system setup and of the local events, where stresses and strains 
localize, as shown in Figure 1. The behavior with test speed changes dramatically with the presence of a notch, 
i.e. as the strain rate increases, the samples fail at lower displacements in the case of a notch, while they fail at 
higher stresses and strains in the case of a tensile tests with homogeneous cross-section. The failure behaviour Is 
dramatically Influenced by temperature and test speed, moving from a highly energy-dissipating material to a 
much more elastic one as T or strain rate increase. The combination of strain rate and temperature determines 
whether a crack propagates through the material or dramatically blunts, allowing the material to reach high 
macroscopic elongation before failing. The results highlight the importance of the localization phenomena at the 
crack tip and of the delocalization mechanisms to prevent crack propagation. 

  

 References : 
1. S. Fakirov, Handbook of Condensation Thermoplastic Elastomer, 2005, Wiley-VCH Verlag GmbH and Co, Weinheim. 
2. G. J. E. Biemond, J. Feijen, R. J. J. Gaymans, Mater. Sci. 2008, 43 (10), pp 3689–3696. 
3. J. -N Gorce, J. W. Hellgeth, T. C. Ward, Polym. Eng. Sci., 1993, 33 (18), pp 1170–1176. 
4. S. Aime, N. D. Eisenmenger, T. A. P. Engels, J. Rheol. (N. Y. N. Y), 2017, 61 (6), pp 1329–1342.  

 

Figure 1 a) Representative engineering 
stress-strain curves at 100°C and at two 
different speeds for a standard tensile 
test. b) Loading curves of notched 
samples at 100°C at three different 
crosshead speeds. 
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Metal-organic frameworks (MOFs) are porous solids formed by the three-dimensional assembly of 
metal centers, or clusters, and bridging organic ligands. These relatively new compounds are currently of 
increasing interest in the scientific community. Their porosity as well as the presence of metal sites and organic 
linkers that can carry multiple functions make them ideal materials for a very broad scope of applications, in 
particular in gas storage / separation, catalysis, capture of pollutants, detection of toxic molecules, etc. 

In our laboratory, we focus on the development of MOFs with air  stability, both upon heating and with 
respect to solvents or acidic and / or basic conditions. We are developing new synthetic methods to obtain these 
materials, in particular by respecting the principles of "Green Chemistry", with a special focus on the 
understanding of the underlying MOF formation mechanisms. The obtained structures are modified in many 
ways, either by introducing secondary doping metals and / or linkers or by functionalization of the metal sites 
with additional ligands. This makes it possible to obtain materials with new or improved properties compared to 
the starting MOFs, and in particular bifunctional porous solids. 

 

References : 
[1] T. Steenhaut, S. Hermans, Y. Filinchuk, New J. Chem., 2020, 44, 3847-3855 
[2]   T. Steenhaut, N. Grégoire, G. Barozzino-Consiglio, S. Hermans, Y. Filinchuk, RSC Adv., 2020, 10, 19822-19831  
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We present a new colorimetric chemosensor of formula [Fe(H2btm)2(H2O)2]Cl2 (1) (H2btm = di(1H-tetrazol-5-
yl)methane), allowing to detect at real-time, with high selectivity and ultra-sensitivity, 14 different volatile 
organic compounds (VOCs) and hazardous gases (HGs) via vapochromism at room temperature. In particular 
amines, which are detected very quickly (< 2 min) with very high sensitivity (0.58 ppm for ammonia (NH3), 0.62 
ppm for hydrazine (NH2-NH2), 0.45 ppm for isobutylamine and 0.71 ppm for diethylamine). The detection is 
accompanied by significant and fast colour changes detectable by the naked-eye at ambient conditions. In 
addition, different VOCs could be distinguished by simple and intuitive standard chemometric means using a 
handful smartphone-based analytical method, offering a large colour panel depending on detected molecules. 
The crystal lattice of 1 reconstructs after adsorbing VOCs vapours, reconstruction which is accompanied by a spin 
state and a colour change. In addition to its high thermal stability (up to 170 °C), the colorimetric sensor showed 
excellent reusability by consecutive 7 cycles of adsorption–desorption. It operates at ambient conditions, is low-
cost, environmentally friendly, easy to use, and shows excellent and fast detection performances. Such features 
offer attractive prospects for 1 which could be used for in-field detection and food safety control in 
environmental conditions. 
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Controlling protein immobilization at interfaces through electrostatic layer-by-layer (LbL) assembly is largely 
recognized as challenging due to their polyampholyte nature, conformation-dependent activity, shape and 
anisotropic charge distribution. vander Straeten et al. demonstrated that it is possible to standardize lysozyme (Lyz) 
electrical properties through complexation with poly(styrenesulfonate) (PSS) as polyanion, and to incorporate such 
protein-polyelectrolyte complexes (PPCs) in multilayers by the LbL method using poly(allylamine hydrochloride) 
(PAH) as polycation. [1] However, while PPCs have shown great potential to facilitate protein LbL assembly, this has 
only been proven for one system and the versatility of the method has only been suggested.  

In order to investigate whether PPCs can be used to immobilize a wide range of proteins, in combination with 
various polyelectrolytes (PEs), LL-37, Lyz, insulin (Ins) and glucose-oxidase (Gox) were first complexed with 
oppositely charged PE, i.e. PSS, alginate (Alg) and heparin (Hep). The 
resulting PPCs were then assembled with another PE, i.e. chitosan 
(Chi) and PAH to form [PE-PPCs] multilayers. The multilayer growth 
was monitored using quartz-crystal microbalance with dissipation 
(QCM-D) (Figure 1). 

By combining the different proteins and PEs, 32 different self-
assemblies were built. The mass difference, between the classical LbL 
assemblies and the PPCs ones, in percent for each of the 16 protein-
PE couples tested, has been studied. For instance, the mass increase 
is 198 % for the Chi‒PPCsLL-37‒PSS system and up to 509 % for the PAH‒
PPCsGox‒Hep. Our study clearly demonstrates that a few hundred 
percent more mass can be immobilized using PPCs as building blocks 
of the LbL assembly and that the adsorption profile is completely 
different. Indeed, it is determined that a desorption is almost systematically observed upon PAH adsorption and not 
with Chi. This is a very interesting result because it shows that depending on the PE used, it is possible to control the 
multilayer reorganization and thus the release of proteins, which has a strong interest in drug release studies. 

Very importantly, our approach establishes a way to circumvent the major issues related to LbL assembly of 
proteins, offering great versatility, in terms of protein and polyelectrolyte nature. It will therefore be beneficial to 
the many scientific communities willing to modify interfaces with proteins and other challenging biomacromolecules 
in an efficient manner. 

 

 

 

 

 

References : 

[1] A. vander Straeten, A. Bratek-Skicki, A. M. Jonas, C.-A. Fustin, and C. Dupont-Gillain, (2018), “Integrating 
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The development of safe and efficient media for the widespread utilization of hydrogen as a clean energy 
carrier is attracting a constant interest at both academic and industrial level. Borohydrides with high volumetric 
and gravimetric hydrogen densities have been considered as 
great potential hydrogen storage materials. A major challenge 
of reversible hydrogen storage by borohydrides is the 
formation of stable intermediates such as metal 
dodecaborates (MxB12H12) during its dehydrogenation process.  

MxB12H12 are a versatile class of compounds which have 
shown its potential application in cancer treatment, polymer 
chemistry and as ionic conductors. MxB12H12 are commercially 
available but at a very high price, the synthesis of MxB12H12 on 
sizable scale was a great effort of many groups of researchers. 
Generally, MxB12H12 can be synthesized by using high toxicity B2H6 with borohydrides under severe conditions, 
whereas the reaction leads to the formation of B12H12

2- together with other B-H compounds [1].  

In this study, we proposed a new and facile route for MxB12H12 from borane complex (H3B·L, L= Lewis base) 
and borohydrides using an autoclave. Our first attempt starts with the cheapest borohydride (NaBH4) and 
DMS·BH3. In order to find the optimal conditions for Na2B12H12 synthesis, we investigated the effect of reaction 
temperature, pressure, and desolvation temperature on the synthesis. The as-synthesized samples were further 
measured by means of numerous techniques (PXRD, FTIR, NMR, TGA/DSC, ICP). Finally, we obtained pure 
Na2B12H12 with quite high yield (85.4 %) under selected synthetic conditions.  

High pressure autoclave conditions are beneficial for other reactions of borohydrides, such as with CO2. The 
reactivity between CO2 and KBH4, NaBH4 have been systematically studied [2][3], revealing the capacity of metal 
borohydrides to reduce CO2 without the use of catalyst. However, the interaction between dense borohydrides 
(KBH4, NaBH4) and CO2 usually needs to be induced thermally or mechanochemically due to slow kinetics at 
ambient conditions. In this respect, we choose γ-Mg(BH4)2 that possesses porous framework structure and high 
gravimetric hydrogen content (14.9 wt%) as reducing agent for CO2 conversion in an autoclave. In our preliminary 
investigation we have determined the excellent reducing capacities of γ-Mg(BH4)2 to CO2 under ambient 
condition, the generation of methoxy and formate containing compounds were monitored by Mass spectroscopy. 
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Dynamic bonds can breathe life into polymers, enabling materials to have controlled lifetimes, enhanced 
toughness, or improved performance in response to external stimuli.[1] Dynamic bonds generally fall into two 
categories: supramolecular interactions and dynamic covalent bonds, which can break and reform spontaneously 
or in response to external stimuli.[2] Supramolecular interactions (e.g., hydrogen bonds, metal-ligand coordination 
bonds, host-guest interactions) are labile and reversible, and usually under (fast) continuous equilibrium between 
associated and dissociated forms. In comparison with supramolecular interactions, dynamic covalent bonds (e.g., 
C=N bonds, disulfide bonds, boronic ester bonds) are much more robust but also exhibit slower exchange. The 
pros and cons of these two types of linkages make them a promising complementary toolbox for the design and 
fine-tuning of the properties of hydrogels. 

Herein, a series of tunable interpenetrating polymer network (IPN)[3] hydrogels are prepared by the orthogonal 
incorporation of two distinct dynamic bonds, i.e., reversible C=N bonds (acylhydrazone and oxime) and metal-
terpyridine coordination bonds (zinc(II)-terpyridine and iron(II)-terpyridine bis-complexes). The influence of 
crosslinker type, hydrogel preparation protocol, and pH on the rheological properties of these IPNs are 
investigated in details. We show that the obtained dual-dynamic IPN hydrogels exhibit finely tunable and 
enhanced rheological properties compared to the corresponding single networks, which we attribute to the 
entanglements between the two sub-networks. We also study how these IPN hydrogels can disentangle and 
partially relax if one of the sub-networks is composed of crosslinks with a shorter lifetime. These results revealed 
that the partial relaxation of such IPNs takes place through the sticky Rouse relaxation process.[4] 

References : 
[1] Cummings, S. C.; Konkolewicz, D. et al. ACS Appl. Polym. Mater. 2020, 2, 1108. 
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Metal amidoboranes M(NH2BH3)n [1] show improved hydrogen storage properties compared to pristine ammonia 
borane (NH3BH3), such as hydrogen purity, decomposition temperature, and hydrogen reversibility. Among them, 
bimetallic Na[Al(NH2BH3)4] was studied by our group.[2] It shows promising hydrogen storage performance, 
namely ~9 wt.% of pure hydrogen desorbs at moderate temperatures, producing a residue that reversibly 
absorbs about 27% of the released hydrogen. Herein, we introduced methyl group on N of NH3BH3 to build an 
analogue of Na[Al(NH2BH3)4], where the methyl group can disrupt the dihydrogen bonding network and influence 
on the B-N dative bond, which may result in decreased volatile nitrogen impurities during decomposition[3]. We 
have synthesized two new Al-based amidoborane complexes, Na[Al(CH3NHBH3)4] and Na[AlH(CH3NHBH3)3] by 
mechanochemical reactions between NaAlH4 and CH3NH2BH3. The new complexes both crystallize in monoclinic 
unit cells with space group symmetries P21/c and P21/n, respectively, see Fig. 1. The thermal analysis reveals that 
Na[Al(CH3NHBH3)4] and Na[AlH(CH3NHBH3)3] decomposes in one step and two steps, respectively. The 
decomposition products are identified as NaBH4 and an amorphous phase for Na[Al(CH3NHBH3)4], but no 
formation of NaBH4 is detected starting from Na[AlH(CH3NHBH3)3]. We study reactive hydride composites based 
on these new compounds and will test their H-storage reversibility. More broadly, my thesis work addresses 
different substitutions on NH3BH3 as well as the use of other cations to the complex Al-based hydride anions.   

 

Figure(1). Tetrahedral [Al(CH3NHBH3)4]- and [AlH(CH3NHBH3)3]- anions in the crystal structures determined from 
X-ray powder diffraction. Color code: N=blue, B=green, C= grey, H=white, Al=red.  
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As a fire-retardant additive or co-solvent, triethyl phosphate (TEP) based electrolytes show stability at high 
temperature and upgrade the safety of Li-ion batteries (LIBs). However, the electrolytes with TEP as the sole 
solvent suffer from a compromise ionic transport at low salt concentration. Herein, we show that a mixed LiNO3-
LiTFSI salt in TEP formulation engenders a dual-salt electrolyte system with unusual Li-ion solvation structure 
arising from strong nitrate anion pairing. As a result, not only the self-diffusion coefficients of Li-ions are greatly 
improved, the desolvation process of Li+ ions is facilitated as well, yielding in much higher ionic conductivity as 
compared to only LiTFSI-based electrolyte at the same molar ratio of Li+/TEP. As a result, the electrolyte works 
efficiently at very low temperature (of -40 °C) and provide ~75% of its room-temperature capacity at 0 °C in 
NCM523 cathodes. Raman and Nuclear Magnetic Resonance (NMR) spectroscopy analysis confirms the unique Li-
ions solvation structure in this dual-salt electrolyte system. This protocol can be widely used for reference to 
improve the electrochemical performance of high dielectric constant solvent-based electrolytes with improved 
safety and performances. 
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In this work we present a novel extension to preferential crystallization to propose a simultaneous resolution of 
two racemic compounds.1 We highlight how the two racemic compounds RS-mandelic acid (MAN) and RS-
etiracetam (ETI) can be combined together to form a conglomerate and subsequently develop a cyclic 
preferential crystallization allowing to simultaneous resolve both compounds. The process developed here, leads 
to excellent enantiopurity for etiracetam (>99%) and mandelic acid (~97%).2 

Experiment and methodology  

Hand picking random single 
needle-shaped cocrystal obtained 
by slowly evaporation of an 
undersaturated toluene solution, 
test them with chiral HPLC. 
different ratio of s-s cocrystal and 
r-r cocrystal ground mixture 
tested with DSC to fabricate a 
binary diagram. 

 

                   FIG.1. cocrystal conglomerate identification 

                

FIG.2. enantiomer excess in liquid and solid phase            FIG.3. cycled process of preferential crystallization 

Conclusion and perspectives 

In this contribution, we incite a change in mindset when trying to transform a racemic compound into a 
conglomerate through multi-component crystallization. Such a system can then be used for the simultaneous 
resolution of both compounds through a preferential crystallization process, obtaining excellent enantiopurity 
for both compounds using a single process. 
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