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New iridates and ruthenates in garnet-like crystal-structures
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Compounds of the second- and third-row late transition metals are currently under investigation due to their strong spin-

orbit coupling and the resulting physical properties [1]. Some new iridates and ruthenates with interesting properties could

recently be prepared by hydrothermal synthesis [2, 3]. 

Attempts to synthesize new ruthenates and iridates in high oxidation states require a strongly oxidizing environment. We

therefore used alkaline hydrigen peroxide solutions as reaction media for the oxidation of M(III) (M = Ru, Ir) starting

materials under hydrothermal conditions. The control of the oxidation states of the metal species in solution is important for

the formation of pure products. The grown crystallites from the synthesis were large enough to determine the crystal

structures with the general formula Ca3Fe3+x-δM2-xO12-y(OH)y by single crystal diffraction (Fig. 1). The Ru compound

adopts the garnet structure in space group Ia3 ̅d, No. 230, with a lattice parameter of a = 12.489(1) Å and Z = 8. The

octahedral site (Wyckoff site 16a) is mixed occupied by Ru(IV) (52%) and Fe(II) (48%), whereas the tetrahedral site (24d) is

partially occupied by Fe(III) (56%). The Ir compound crystallizes in space group I4 ̅3d (No. 220), a t2 subgroup of Ia3 ̅d, with

a = 12.540(1) Å, where the octahedral site is mixed occupied by Ir(IV) (69%) and Fe(II) (31%). The symmetry reduction

splits the 24d site of the garnet in two non-equivalent tetrahedral sites, 12a and 12b, which are both partially occupied by

Fe(III) (72% and 18%, respectively) in the Ir compound.

Due to the partially occupied tetrahedral sites in both compounds, the presence of hydroxide ions was assumed for charge

balancing. The presence of hydrogen in the compounds was confirmed by IR-spectroscopy and the hydrogen-content was

quantified by carrier gas hot extraction. The local structure of the Fe cations evidenced by Mössbauer spectroscopy is in

good agreement with the structure model obtained from diffraction data. Magnetic measurements indicate a complex

magnetic behavior of the compounds with strong ferromagnetic coupling at low temperatures.
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