
Accepted Manuscript

Title: Electronic structure of 5d transition-metal compounds

Author: Takashi Mizokawa

PII: S0368-2048(15)00296-0
DOI: http://dx.doi.org/doi:10.1016/j.elspec.2015.12.005
Reference: ELSPEC 46536

To appear in: Journal of Electron Spectroscopy and Related Phenomena

Received date: 30-6-2015
Revised date: 14-12-2015
Accepted date: 17-12-2015

Please cite this article as: Takashi Mizokawa, Electronic structure of 5d transition-metal
compounds, <![CDATA[Journal of Electron Spectroscopy and Related Phenomena]]>
(2015), http://dx.doi.org/10.1016/j.elspec.2015.12.005

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.elspec.2015.12.005
http://dx.doi.org/10.1016/j.elspec.2015.12.005


Page 1 of 11

Acc
ep

te
d 

M
an

us
cr

ip
t

Electronic structure of 5d transition-metal compounds

Takashi Mizokawa

Department of Applied Physics, Waseda University, 3-4-1 Okubo, Shinjuku-ku, 169-8555 Tokyo, Japan

Abstract

In this contribution, we describe fundamental electronic structures and spin-charge-orbital or-
derings of 5d transition-metal compounds. By reviewing photoemission spectroscopy studies on
CuIr2S4, IrTe2, Cs2Au2Br6, and AuTe2, we discuss the difference between thet2g andeg systems
with respect to the spin-orbit splittingversusthe Jahn-Teller splitting. In contrast to the Ir oxides
with Mott-Hubbard character, the smallness of the charge-transfer energy plays essential roles
in the exotic spin-charge-orbital orderings of the Ir and Au chalcogenides and halides. In par-
ticular, the Te 5p hole provides an interesting interplay between the charge-orbital order and the
spin-orbit interaction in IrTe2.
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1. Introduction

The transition-metal compounds exhibit extremely rich physical properties, and their funda-
mental electronic structures have been targets of various spectroscopic and theoretical studies
[1, 2, 3]. Among them, 5d transition-metal compounds tend to have complicated multi-orbital
band structures that would be entangled by the large spin-orbit interaction of the 5d subshell
and the strong hybridization with the ligand orbitals. For example, angle-resolved photoemis-
sion spectroscopy (ARPES) revealed the drastic band-structure reconstruction due to charge den-
sity wave in 1T-TaSe2 [4], the polaron formation and remnant Fermi surfaces in NaxWO3 [5],
and the excitonic insulator transition in Ta2NiSe5 [6]. Various Ir compounds have been attract-
ing great interest due to exotic metal-insulator transitions and magnetic behaviors such as the
orbitally-induced Peierls transition in CuIr2S4 [7], the spin-orbit induced metal-insulator transi-
tion in Sr2IrO4 [8], and the frustrated (and topological) magnetic state in Na2IrO3 [9, 10, 11].
These 5d transition-metal compounds are basicallyt2g systems in which the spin-orbit interaction
would be relevant.

In the atomic limit, the five 5d orbitals with spin up and spin down are split into the low-lying
j3/2 and the high-lyingj5/2 levels due to the spin-orbit interactionλ~l · ~s (λ > 0). When the 5d
transition-metal ions are octahedrally coordinated by ligand anions, the five 5d orbitals are split
into the triply degeneratet2g and the doubly degenerateeg orbitals due to the ligand field. The
ligand field splitting between thet2g andeg levels tends to be larger in the 5d systems than that
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