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The world of polymer materials has acquired a new dimension with the development of adaptable
networks, which combine the properties of thermoplastics (better recyclability) and thermosets
(better mechanical properties). The key feature is the presence of chemically exchangeable
crosslinks, which impart high-temperature plasticity and self-healing properties to the 3-D
material. When the exchange process leading to crosslink migration and material reshaping has an
associative character, the crosslink density is temperature-independent and an Arrhenius-type
rheological behavior is observed, like in vitreous silica, hence the name “vitrimer”. Currently, a
flurry of activity within the polymer community aims at developing new vitrimers, all based on
the degenerative exchange of covalent organic functions (e.g. transesterification, transamidation,
etc.).! In this lecture, I will show that this area has tremendous opportunities for coordination
chemists. I will present new coordination adaptable networks based on the [MsO4(OH)4]** (M =
Zr, Hf) clusters as crosslinking unit>® and on carboxylate ligand exchange as the crosslink
migration process. I will also show the results of a mechanistic investigation by combined
experimental kinetics (dynamic NMR) and computational modeling (DFT) on a model system,
which demonstrates the associative character of the exchange.* Thus, our developed materials are
the first self-healing metallopolymers proven to be coordination vitrimers.

References

1. (a) Denissen, W.; Winne, J. M.; Du Prez, F. E., Vitrimers: permanent organic networks with glass-like fluidity. Chem.
Sci. 2016, 7 (1), 30-38. (b) Krishnakumar, B.; Sanka, R.; Binder, W. H.; Parthasarthy, V.; Rana, S.; Karak, N., Vitrimers:
Associative dynamic covalent adaptive networks in thermoset polymers. Chem. Eng. J. 2020, 385, 12382. (c) Van
Zee, N. J; Nicolay, R., Vitrimers: Permanently crosslinked polymers with dynamic network topology. Progr. Polym.
Sci. 2020, 704, 101233.

2. Murali, M,; Berne, D.; Joly-Duhamel, C; Caillol, S.; Leclerc, E.; Manoury, E.; Ladmiral, V.; Poli, R.,, Coordination
adaptable networks: zirconium(lV) carboxylates. Chem. Eur. J. 2022, 28, e202202058.

3. Murali, M,; Berne, D.; Daran, J.-C,; Bijani, C,; Manoury, E.; Leclerc, E.; Caillol, S.; Ladmiral, V.; Joly-Duhamel, C; Poli, R.,
Hafnium coordination vitrimer based on carboxylate exchange: synthesis, properties, and mechanistic
investigations on the [Hfs04(OH)4(0O2CMe)12]. model compound Eur. J. Inorg. Chem. 2024, 27, e202300672.

4. Murali, M, Bijani, C.; Daran, J.-C,; Manoury, E.; Poli, R,, Acetate Exchange Mechanism on a Zri, Oxo Hydroxo
Cluster: Relevance for Reshaping Zr-Carboxylate Coordination Adaptable Networks. Chem. Sci. 2023, 74, 8152-
8163.


mailto:rinaldo.poli@lcc-toulouse.fr
https://rinaldo-poli.jimdofree.com/

Biosketch

Rinaldo Poli is Professor Emeritus at INP Toulouse and carries out his
i research at the CNRS Laboratoire de Chimie de Coordination. Among
his most recent distinctions, he was named Chemistry Europe Fellow
in 2018, was inducted into the European Academy of Sciences in 2018
and into the Academia Europaea in 2025, and received the Berthelot
Medal (French Academy of Sciences) in 2020 and the Achille Le Bel
Prize (Société Chimique de France) in 2023. His research covers
several aspects of transition metal chemistry: organometallic reaction
mechanisms with spin state change, homogeneous catalysis, aqueous
biphasic  catalysis, metal-mediated radical polymerization,
coordination vitrimers.




