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The high temperature synthesis of iron oxides usually leads to three dimensionally
coordinated irons (tetrahedra, octahedra or pyramids). Topochemical reactions performed at low
temperature allow preserving the main framework of a material while partially changing the
coordination of its components. In this thesis, we present a study of novel iron oxides with square
planar coordination obtained through the topochemical reduction of the perovskite SrFeO3; using
CaH, as a powerful reducing agent.

In chapter 1, we show the reaction of a perovskite SrFeO3; with CaH; yielding SrFeO, a
new compound bearing an oxygen square-planar coordination around Fe?*. SrFeOs is isostructural
with the ‘infinite layer’ (IL) structure, and exhibits a magnetic order far above room temperature
in spite of the two-dimensional structure, indicating strong in-layer magnetic interactions due to
strong Fe d to O p hybridization. The reduction and the oxidation between SrFeO, and SrFeO3
proceed via the brownmillerite-type intermediate SrFeO,s, and start at the relatively low
temperature of 400 K, making the material appealing for a variety of applications, including
oxygen ion conduction, oxygen gas absorption and catalysis.

In chaper 2, the IL structure is shown to have significant solubility to yield Sr;.«CaxFeO;
(0< x <£1) and is thermally stable (at least as high as 1000 K for SrFeO;). These results
demonstrate that the IL structure, once it is formed at low temperatures, is surprisingly robust
owing to the extremely covalent nature of the F© bond, thereby opening a door to chemical
tuning of properties and to possible high-temperature applications.

In chaper 3, we study CaFeO,, with a distorted layered structure. The new phase has
been characterized through powder neutron diffraction, synchrotron X-ray diffraction, Mossbauer

spectroscopy, XAS experiments as well as first-principles DFT calculations. The XAS spectra
near the Fe-K edge for the whole solid solution (Sri;—«Cax)FeO, supports that iron is in a
square-planar coordination for 0< x < 0.8 but clearly suggests a change of coordination for x = 1.
The new structure contains infinite FeO, layers in which the FeO, units unprecedentedly distort
from square-planar toward tetrahedra and rotate along the c-axis, in marked contrast to the

well-studied and accepted concept that octahedral rotation in perovskite oxides occurs but the




octahedral shape is kept almost regular.

In chaper 4, the formation pathway leading to the square planar coordination in SrFeO,
and in the laddered SrsFe,Os is investigated. By using in situ synchrotron x-ray diffraction, we
studied the reaction process of SrFeO;s as well as SrsFe,O; with CaH,. The comparison of both
of these phases provide clues on how the oxygen anisotropic migration processes and how atoms
rearranges to adapt lower oxidation/coordination levels.

The high pressure properties of SrFeO, are investigated in chapter 5. Spin transitions
have attracted the interest of researchers in various fields since the early 1930s, with thousands of
examples now recognized, including those in minerals and biomolecules. However, so far the
metal centres in which it has been found to occur are almost always octahedral six-coordinate 3d*
to 3d’ metals, such as Fe(I1). Under pressure SrFeO, exhibits a transition from high spin (S = 2) to
intermediate spin (S = 1). This is accompanied by a transition from an antiferromagnetic
insulating state to a ferromagnetic so-called half-metallic state: only half of the spin-down (d.,dy,)
states are filled. These results highlight the square-planar coordinated iron oxides as a new class

of magnetic and electric materials.

There are thousands of iron oxides which are readily available. The possibility to access
new coordination with lower oxidation is highly interesting towards new physical properties in
iron oxides. The infinite layer structure has been shown to be surprisingly stable against chemical
substitution. Up to now only pure Fe®* state was observed in this novel category of materials, it
would be interesting to substitute the strontium site or the iron site by other elements to dope the
infinite layers. These novel phases which would contain square planes and their investigations at

high pressure could be of great interest and could lead to new physical properties.
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