
N°659 / OC
TOPIC(s) : Chemical engineering / Biomass conversion

Materials for Energy by Computational Design: exploring organic electrodes
toward next-generation batteries

AUTHORS
Christine FRAYRET / LRCS-CNRS UMR7314, HUB DE L'ÉNERGIE, 15, RUE BAUDELOCQUE, AMIENS
Carlo GATTI / CNR-ISTM, VIA GOLGI 19, MILLANO
Yann DANTEN / ISM-CNRS UMR 5255, 351, COURS DE LA LIBERATION, TALENCE

PURPOSE OF THE ABSTRACT
In recent years, the demand for sustainable energy sources has stimulated great interest in new technologies and
materials. A multitude of research efforts have led to marked progress in this area, including in particular
Lithium-ion batteries based on organic electrodes. A significant milestone in designing such materials would be
achieved by reaching the complete comprehension of the rules governing the increase/decrease of the redox
potential of molecular entities, especially if differentiation between various backbones/functional groups/redox
centres or incidence of atom substitution within rings can be reached. Based on the combined use of molecular
quantum simulation and accurate examination of the electronic structure properties, a rational design of organic
electrode materials is reachable. In particular, we developed an approach based on the consideration of various
indicators extracted from the geometry/electronic structure (HOMA (Harmonic Oscillator Model of Aromaticity),
delocalization indices such as FLU parameter), which give the opportunity to appreciate electron delocalization on
various rings/bond paths within a molecule in a quantitative way. In this context, we also evidenced that the
partitioning of the global energy of the molecule constitutes another analysis instrument to shed light on the
various pieces of molecule playing the main role in stabilization/destabilization upon reduction or how balance
between some competitive effects does occur. We also focused on plots of electrostatic potential (ESP) on the
molecular surface which give meaningful insight into charge distributions in molecules, these color-coded maps
allowing in particular to visualize the preferred sites of Li+ positioning around the molecular ion [1]. Modelling of
energy materials may advantageously complete the experimental studies not only through the prediction of
already existing molecules and materials simply tuned through functionalization/isomerism and substitution but
also thanks to the suggestion of new chemical engineering (new backbones) originating from computational
design. Such global approach can be applied to systematic theoretical screening of existing
compounds/hypothetical novel candidates, both being tuned through various effects. This should progressively
complete the database and pave the way toward the discovery of new/optimized organic electrodes with improved
features. Thanks to this methodology a work of prospection has been undertaken on various families, including
derivatives of quinone, carboxylate, quinoneazine and pentalenedione [1-7]. By focusing on these various sets of
compounds, we identified some property-based guidelines, which may serve not only for the ranking of the
studied entities by themselves but also for the search of more advanced and innovative systems.



FIGURES

FIGURE 1
Figure 1
Calculated reduction potential (in V vs. Li+/Li) as a
function of the capacity for a one-electron process in
quinoneazine-derivatives.

FIGURE 2
Figure 2
DFT-optimized conformations (stick and balls
representation) and electrostatic maps of compound
(a) dilithium terephthalate, (b) dilithium dimethyl
terephthalate before (on the left) and after double
reduction (on the right). 

KEYWORDS
organic electrode material | computation design and quantum chemical modelling | chemical engineering |
electronic structure

BIBLIOGRAPHY
[1] : A.E. Lakraychi, F. Dolhem, F. Djedaïni-Pilard, A. Thiam, C. Frayret, M. Becuwe, J. Power Sources, 359, 198,
(2017). 
[2] : D. Tomerini, C. Gatti and C. Frayret, Phys. Chem. Chem. Phys., 17, 8604 (2015). 
[3] : D. Tomerini, C. Gatti and C. Frayret, Phys. Chem. Chem. Phys., 18, 2442 (2016).
[4] : D. Tomerini, O. Politano, C. Gatti and C. Frayret, Phys. Chem. Chem. Phys., 18, 26651 (2016).
[5] C. Frayret, D. Tomerini, C. Gatti, Y. Danten, M. Bécuwe, F. Dolhem and P. Poizot, CIMTEC 2014 13th
International Conference on Modern Materials and Technologies – 6th Forum on New Materials, Techna-Group
Series Advances in Science and Technology, June 16 – 19, Montecatini Terme, Italy (2014).
[6] : G. Bonnard, A.-L. Barrès, Y. Danten, D. G. Allis, O. Mentré, D. Tomerini, C. Gatti, E. I. Izgorodina, P. Poizot
and C. Frayret, RSC Advances, 3, 19081 (2013). 
[7] : G. Bonnard, A.-L. Barrès, O. Mentré, D. G. Allis, C. Gatti, P. Poizot and C. Frayret, CrystEngComm, 15, 2809
(2013).


