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First-order isostructural phase transition induced by high-pressure in Fe(IO3)3
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Metal iodates has been studied at ambient pressure because of their dielectric, magnetic, or nonlinear optical properties. Many of them have been also studied for the reason that they are superionic conductors, which make them excellent barocaloric materials, very promising for the development of ecofriendly solid-state cooling technologies. High-pressure (HP) research is known to be an efficient tool to determine the characteristics of materials. Among iodates, only LiIO3, KIO3, and AgIO3 have been studied under HP. No phase transitions have been found in LiIO3 up to 73 GPa. In contrast, KIO3 shows phase transitions at 7 and 14 GPa. On the other hand, in AgIO3 a new phase was found at 2.7 GPa and 240 °C. These facts suggest that the HP behavior of metal iodates can be extremely complex and should be further studied.

Here, we have studied the HP behavior of Fe(IO3)3 at RT up to 35 GPa using powder XRD, infrared and Raman micro-spectroscopy, and density-functional theory (DFT) calculations. We have found evidence of a pressure-induced structural phase transition at 15 - 22 GPa. Powder XRD was used to obtain the structure of the HP phase, which can be described by the same space group (P63) than the low-pressure (LP) phase but with a substantial different c/a ratio. This is supported by our computational simulations. The phase transition involves a large volume collapse and a change in the coordination polyhedron of iodine, being a first-order transition. It also produces substantial changes in the infrared and Raman spectra. The pressure dependence of phonon frequencies and unit-cell parameters have been obtained. A mode assignment is proposed for phonons. The bulk modulus of the two phases was obtained resulting in B0 = 55(2) GPa for the LP phase and B0 = 82(9) GPa for the HP phase. The results are compared with other iodates, in particular LiIO3, for which we have also performed DFT calculations. A possible mechanism driving the observed phase transition is discussed. In particular, we conclude that pressure triggers the phase transition by favoring the linking of one of the lone electron pairs of iodine to one oxygen atom in the nearest IO3 unit.
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