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            Abstract
One of the most important classifications in chemistry and within the periodic table is the concept of formal oxidation states1,2,3,4. The preparation and characterization of compounds containing elements with unusual oxidation states is of great interest to chemists5. The highest experimentally known formal oxidation state of any chemical element is at present VIII2,3,4, although higher oxidation states have been postulated6,7. Compounds with oxidation state VIII include several xenon compounds8 (for example XeO4 and XeO3F2) and the well-characterized species RuO4 and OsO4 (refs 2, 3, 4). Iridium, which has nine valence electrons, is predicted to have the greatest chance of being oxidized beyond the VIII oxidation state1. In recent matrix-isolation experiments, the IrO4 molecule was characterized as an isolated molecule in rare-gas matrices9. The valence electron configuration of iridium in IrO4 is 5d1, with a formal oxidation state of VIII. Removal of the remaining d electron from IrO4 would lead to the iridium tetroxide cation ([IrO4]+), which was recently predicted to be stable10 and in which iridium is in a formal oxidation state of IX. There has been some speculation about the formation of [IrO4]+ species11,12, but these experimental observations have not been structurally confirmed. Here we report the formation of [IrO4]+ and its identification by infrared photodissociation spectroscopy. Quantum-chemical calculations were carried out at the highest level of theory that is available today, and predict that the iridium tetroxide cation, with a Td-symmetrical structure and a d0 electron configuration, is the most stable of all possible [IrO4]+ isomers.
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                    Figure 1: Mass spectra of the iridium oxide cations.[image: ]


Figure 2: Infrared photodissociation spectra of the [193IrO4]+·Arn (n = 1–4) cations.[image: ]


Figure 3: Optimized structures and energetic ordering of the different [IrO4]+ isomers.[image: ]
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Oxidation state IX in [IrO4]+
The concept of formal oxidation states is fundamental to our understanding of general chemistry and is enshrined in the periodic table that groups elements principally by atomic number and electron configuration. The preparation and characterization of compounds containing elements with unusual oxidation states is of therefore of great interest to inorganic chemists. The highest experimentally known formal oxidation state of any chemical element is currently VIII. Here, the authors report the formation and infrared photodissociation spectroscopic identification of the iridium tetroxide cation, [IrO4]+, in which the iridium centre has a formal oxidation state of IX, the highest oxidation state known so far.
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