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Charge, Orbital, and Spin Order of Transition-Metal Oxides

Student : Kuo-Sheng Chao Advisor : Di-Jing Huang

Department of Electrophysics

National Chiao Tung University

ABSTRACT

In some transition-metal oxides, strong interactions among electronic spins, charge,
and orbitals are intimately connected to a rich variety of physical phenomena. We
developed an experimental technique of resonant soft x-ray scattering to detect charge,

orbital and spin ordering of novel oxides. With the photon energy about the L-edge (2p —

3d) of transition metal ions, resonant soft-x-ray scattering is a dipole-allowed transition
and suitable for probing the ordering.of 3d states directly and with high sensitivity.

Magnetite exhibits a metal-to-insulator transition known as the Verwey transition.
Although magnetite is believed to'be a classic example of charge ordering, the existence of
its charge ordering has been an issue for:longer:than half a century. We report experimental
evidence for the charge-orbital ordering in magnetite below the Verwey transition.
Measurements of O K-edge resonant x-ray scattering on magnetite reveal that the O 2p
states in the vicinity of the Fermi level order along the c axis with a spatial periodicity
twice the lattice parameter in the undistorted cubic phase. Such a charge-orbital ordering
vanishes abruptly above the transition and exhibits a thermal hysteresis, correlating closely
with the Verwey transition.

We also present studies on the multiferroelectric phenomenon of frustrated magnets
derived from magnetism. Based on measurements of soft-x-ray magnetic scattering and
symmetry considerations, we demonstrate that the magnetoelectric effect in ThMn,Os

arises from an internal field determined by Sy x S with Sq being the magnetization at

modulation vector g. Our results set fundamental symmetry constraints on the microscopic
mechanism of multiferroicity in frustrated magnets.

The third subject is on the quasi-2D magnetic ordering of layered manganites and



their charge-orbital ordering associate with different sizes of cations. Orbital ordering of
ProsCa;sMnO, exhibits a stronger three-dimensional character and a dramatically
enhanced transition temperature, as compared with those of LagsSrisMnO, The
correlation length of orbital ordering along the c-axis in PrysCa; sMnQ, is about half of the
in-plane one. Our results indicate that reductions in the one-electron bandwidth and
guenched disorder strongly enhance the stabilization of charge-orbital ordering. In addition,
we investigated the antiferromagnetic (AFM) transition of LaysSr1sMnO,4 and found that
quasi-2D incommensurate AFM short-range order exhibits at temperatures above the Neel
temperature (Tn). The spin correlation follows the same exponential growth in inverse
temperature as those observed in quantum Heisenberg antiferromagnets. When the
temperature cools across Ty, on top of the dimensional crossover, the 2D incommensurate

AFM order collapses to stabilize the 3D commensurate AFM order.
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