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Abstract of Thesis

The interplay between spin and charge degrees of freedom plays a critical role in the emergence of diverse physical
properties in strongly correlated oxides, as exemplified by the CE-type charge/orbital ordering and colossal magnetoresistance
in perovskite-type manganites. Among them, perovskite-type iron oxides with Fe*" have attracted intensive attention due to their
unconventional magnetic and charge ordering (CO). The negative charge transfer energy leads to strong pd hybridization, which
stabilizes the helimagnetism (HM) in the iron perovskite oxides. For example, multi-g helical ordering and Skyrmion crystal
phases were observed in the centrosymmetric cubic perovskite SrFeOs. In contrast to metallic SrFeOs with a tolerance factor
close to unity, CaFeOs; and BaFeOs3 exhibit insulating behavior due to their narrower bandwidths, which favor the emergence of
CO.

In this study, Ba,..La,FeOs; and Ca,..Bi,FeOs3 samples were synthesized using high-pressure synthesis method. The magnetic
and transport properties were systematically studied to explore the novel spin and charge ordering. In particular, Mossbauer
spectroscopy was applied to study the charge disproportionation (CD) and potential CO in perovskite-type iron oxides.

In chapter 3, the phase diagram of Ba;..La,FeOs reveals that La doping introduces Fe** ions, suppressing double exchange
interactions between Fe*" ions, and consequently driving a magnetic phase transition from the original A-type HM phase to the
G-type antiferromagnetism (AFM) phase through intermediate spin/charge ordered (SCO) phases. A novel HM + CD phase,
possibly featuring an incommensurate spiral spin structure with CD, 5Fe*#"— 3Fe3*+2Fe’”, is proposed at x = 0.2, based on
robust first-order transition and Mdssbauer spectroscopy analysis. The established doping-dependent evolution of spin and
charge ordering in Ba;..LaFeOs highlights this system as an ideal platform to further investigate the interplay between HM and
CO phenomena in strongly correlated perovskite oxides.

In chapter 4, starting from the parent compound CaFeOs, which exhibits a CO phase transition, a series of Bi doped
compounds Ca;.,Bi\FeO3 were investigated. In contrast to BaFeOs, the highly distortion lattice for CaFeOs tends to destabilize
the HM ordering, leading to collinear spin ordering for x > 0.1. The magnetic and transport measurements suggest the emergence
of novel SCO phase featured by the five-fold CO coupled with the ten-fold spin ordering at Cag sBig,FeOs, which is significantly
different from the phase observed in BaggLag2FeOs. Mdssbauer spectroscopy was employed to investigate the Fe valence state
and possible charge transfer (CT) behavior. Notably, CT was found to be largely suppressed for x < 0.4. A partially ordered
phase was observed for 0.3 <x < 0.5, which is absent in La;;3Cay;3FeOs, highlighting the unique role of Bi ions. The strong Bi-
O hybridization, which further affects the ligand hole, induces a variety of electronic phases in the phase diagram of Ca;.
«Bi,FeOs, offering a promising pathway for exploring novel CO phases in perovskite-type iron oxides.

Based on the investigation of Ba,_.La,FeOs and Ca,;..Bi.FeOs in this thesis, together with previous research on Sr;..La,FeOs,
a global phase diagram was established. This phase diagram illustrates the evolution of electronic and magnetic ground states as
a function of tolerance factor and Fe valence, thereby providing a unified framework to understand the emergence of HM, CD,

and SCO phases in iron perovskites with anomalously high valence state.
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