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Au(IV) Complexes: Fake or Reality?
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Context: Despite major progress over the past 2-3 decades, the chemistry of gold still lags well behind that of
the other transition metals. The unique properties of gold are now well-recognized and exploited in catalysis,
material sciences as well as biology. Nonetheless, the chemical space of gold remains very limited. Only Au(I)
and Au(IIl) complexes are known essentially. Other oxidation states remain curiosities or are simply unknown.
About 10 years ago, my group has launched a research program aimed at opening and developing new avenues
in gold chemistry thanks to ligand design. We have shown in particular that
chelating/hemilabile/cyclometalated ligands efficiently trigger Au(I)/Au(Ill) redox cycles! and enhance =-
back-donation from gold, enabling to stabilize reactive carbene and m/c-complexes.?
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Objectives and research plan: In a new long-term project funded by an ERC grant, it is my aim to expand
further the chemical space of gold, in terms of structure, reactivity as well as applications. By designing
suitable ligand frameworks and fine tuning the coordination sphere of gold, new redox states of gold may be
discovered and exploited. This Master project will focus on Au(IV) complexes. Because of their peculiar
electronic structures (radical cations), Au(IV) complexes will display enhanced reactivity and will open single-
electron and radical paths, which are so far unprecedented with gold but very attractive synthetically.

The work will combine ligand synthesis and coordination studies. A cyclometalated ancillary ligand and a
redox-active ligand will be installed at Au(Ill). Preliminary studies have shown that this combination indeed
enable to achieve one-electron oxidation and to access stable cationic radical complexes. Special attention will
be given to the electronic structure of the prepared complexes, by experimental and computational means. Is
the oxidation taking place at gold or at the redox-active ligand? How to control it? Reactivity studies will be
carried out. The photo-physical properties (absorption, emission) of the Au(IV) complexes will also be studied,
and whenever relevant, light will be used to trigger challenging transformations.

This project will give the master student the opportunity to work under inert atmosphere, to use a number of
advanced analytical methods (multi-nuclear NMR, X-ray diffraction, UV-vis, electrochemistry...) and to
discover the interplay between calculations and experiments (thanks to our collaboration with expert
theoreticians). The candidate should be very enthusiastic and enjoy working closely with a team.

Thesis funding ( Gold-Redox) will be available at the start of the 2024 academic year.
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