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Topotactic phase transformation is a prominent platform for studying phase
transition, redox activity, and ionic transport in a solid. In particular, for transition
metal oxide thin films, the spontaneous oxygen vacancy ordering results in
emergent physical ground states that can be tuned by crystal field energy and
epitaxial strain. Designing and controlling such parameters might lead to novel
opto-electronic and energy device concept. In this presentation, we report topotactic
phase transformation in SrFeOx (SFO) epitaxial thin films grown by Pulsed Laser
Epitaxy (PLE). Multivalent SFO show rich x-dependent magnetic and electronic
ground state, ranging from antiferromagnetic insulator (x = 2.5) to ferromagnetic
metal (x = 3.0). The valence state of Fe changes from 3+ to 4+ when x changes
from 2.5 to 3.0, and determines the material’s physical and chemical properties.
Eventually, a phase transition in electromagnetic phase, as well as in structural
phase, is observed

by changing x. Using real-time spectroscopic ellipsometry, we observe the
x-dependent evolution of the phases in epitaxial SFO thin films. The topotactic
phase transition illustrates strong correlation among defect concentration, atomic
and electronic structure, and functional properties such as oxygen ionic transport
and hydrogen storage capacity in complex oxide thin films.
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