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diffraction with synchrotron radiation reveal anomalies of 

predominantly the b-lattice parameter of SmFeO3 at TN. 

The hysteresis loop reported to occur at 300 K in Ref. 

1 might then be attributed to a leakage current7 that is 

absent from their experiment. This effect is perhaps re-

lated to the disparate lossy character of flux-grown1 and 

floating-zone-grown single crystals. The absence of ferro-

electric properties in SmFeO3 is also consistent with the k 

= 0 magnetic structure that they observed.

For a G-type antiferromagnetic rare-earth orthoferrite 

RFeO3 (R = rare earth), the electric polarization induced by 

exchange striction is known to occur only below the rare-

earth magnetic ordering temperature, which is about 0.01 

times TN. If exchange striction were an important mecha-

nism in SmFeO3, one would expect also a pyrocurrent sig-

nal when the magnetic structure exhibits distinct changes 

at TSR, which is not experimentally observed.1 They remark 

that magnetoelastic effects are present not only in pro-

totypical multiferroic materials such as BiFeO3 but (across 

the doping series Bi1-xLaxFeO3) also in non-ferroelectric 

centrosymmetric materials such as LaFeO3. Their findings 

indicate that magnetoelastic effects might also lead to an 

artificial observation of pyrocurrents; magnetoelastic cou-

pling can hence be easily misinterpreted as a ferroelectric 

response. (Reported by Hong-Ji Lin)
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Hard X-ray photoelectron spectroscopy (HAXPES) 

provide a new technique and excellent tool to study 

materials due to their unique ability to probe both the 

chemical and electronic structure of materials with 

bulk sensitivity. The HAXPES end-station of BL12XUSL 

at SPring-8, Japan was constructed as a collaborative 

research program of the NSRRC in Hsinchu, Taiwan and 

Max Planck Institute for Chemical Physics of Solids (MPI 

CPfS) in Dresden, Germany. Taiwan beamline BL12XUSL 

with an undulator source at SPring-8 that provides great 

brilliance and intensity is dedicated to installing the 

HAXPES end-station. The new HAXPES end-station is 

designed in a unique way to incorporate two analyzers 
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with disparate geometry. One analyzer is installed verti-

cally and is used to observe the d states of the valence 

band in transition-metal materials. The other analyzer, 

set horizontally, is assigned mainly to measure informa-

tion about the core level. In 2014, a research team of Da-

vid J. Payne’s group from the United Kingdom, revealed 

a new application of HAXPES that shows the electronic 

structure of IrO2 with crystal-field splitting of the iridium 

5d orbitals.1 Their result is in satisfactory agreement with 

the theoretical predictions of “Goodenough for conduc-

tive rutile-structured oxides”;2 they explain further why 

the spin-orbit Mott insulating state is not observed in 

the IrO2 system. 
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Ir d orbital contributions to electronic states indicates 

that the degeneracy of the five Ir d orbitals is completely 

lifted by the crystal field of coordination symmetry D2h.

Figure 2 shows the rutile crystal structure, partial 

densities of states with each atomic orbital respectively 

and band structure of IrO2. The conduction properties 

of IrO2 are dominated by the two t2g bands (dxz and dyz) 

that display a broad density of states about the Fermi 

level. The rise of metallic behavior in IrO2 is also indicated 

to be derived from the spin-orbit coupling of valence 

electrons and the electron-electron repulsion that are 

determined by the effects of crystal-field splitting and 

the effective orbital overlap.

IrO2 core-level photoelectron spectra of the Ir 4f 

and 5p regions are shown in Fig. 1(b). The result exhibits 

a distinctly asymmetric shape of the 4f line, whereas a 

symmetric line shape is typically expected in a metallic 

case. Such a strongly asymmetric shape is attributed to 

the effect of the final state, occurring during photoemis-

sion. This effect of the screening of conduction electrons 

in metallic conductors on the core-level spectral line 

shape has been well studied. It is difficult to fit well the 

Ir 4f core level with a single function such as a Voigt or 

Fano function. Improved fits were obtained on using 

two Voigt components with fixed relative intensities and 

positions of the main lines, but constraining the separa-

tion between screened and unscreened components of 

each individual core line to the same value led to a rap-

idly deteriorated quality of the fits. This effect indicates 

that the Kotani model3 might be appropriate for the IrO2 

system. According to this model, the photoemission 

triggers a local coulombic interaction with the valence 

states contributing to the conduction band. The pho-

toemission is hence described in interpreting the line 

shape of core-level photoelectron spectra of IrO2 with a 

formalism of screened and unscreened final states.4

Commercial samples of IrO2 are postulated to con-

tain an Ir2O3 impurity phase because of the presence 
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Fig. 1:  HAXPES of IrO2 recorded at hν = 6.5 keV. (a) Valence-band spectrum 
of IrO2 and DFT calculation showing total densities of states. 
(b) Spectrum of Ir 4f and 5p core levels. The screened (S) and 
unscreened (U) components for Ir 4f (blue) and 5p (red) are shown.

In this work, they present high-resolution HAXPES 

measurements on IrO2, compared with theoretical band 

structure calculations using the framework of density 

functional theory (DFT). Their experimental data show 

clearly the 5d valence band utilizing the vertical geom-

etry analyzer. The HAXPES spectrum of the valence band 

of IrO2 follows closely the curve calculated with DFT, 

as shown in Fig. 1(a). The data reveal an explicit under-

standing of the electronic structure of the IrO2 valence 

band, particularly the nature of electronic states near the 

Fermi level. Further detailed analysis of the individual 
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of an Ir6+ component in the surface phase. HAXPES is a 

bulk-sensitive technique, which provides an increased 

probing depth and thus decreased surface effect in a 

photoelectron process. HAXPES hence shows promise 

for the study of the metal-insulator transition in iridate 

systems. HAXPES is a new technique rapidly developing 

at synchrotron facilities worldwide and is more sensitive 

to the bulk than XPS. The work of Payne’s group exploits 

the advantage of HAXPES on studying a metal-insulating 

system. We believe that HAXPES is also a powerful ap-

proach to investigate complicated materials, buried 

nanostructures and multi-layered structures relevant for 

device applications. (Reported by Yen-Fa Liao)
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Fig. 2:  Left: a stack of five unit cells shows the IrO2 rutile structure in the 
revised coordinate system. Right: Ir 5d partial densities of states 
projected onto their representative atomic orbitals.
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In actuating their internal lanterns on summer nights, 

fireflies create one of the most beautiful scenes in the 

world. In addition to its application to attract a mate, a 

bioluminescent signal enables light-emitting insects to 

communicate. How that bioluminescence works is an 

issue that still puzzles scientists. The biochemical mecha-

nisms used by fireflies for flashing have been recently 

clarified as bioluminescence produced by chemical 

reactions inside their lanterns. The reaction composi-

tions include calcium, adenosine triphosphate, luciferin 

and enzyme luciferase that are triggered by a sufficient 

oxygen flux,1 but the biophysical mechanisms, such as a 

mechanism of fuel supply, have not been demonstrated. 

In 2014, Yueh-Lin Tsai and Chia-Wei Li from Institute of 

Molecular and Cellular Biology in National Tsing Hua Uni-

versity with Yeu-Kuang Hwu from Academia Sinica have 

resolved this mystery on combining two sophisticated 

imaging techniques at the TLS: synchrotron phase-con-

trast microtomography (PCμT) and a transmission X-ray 

microscope (TXM).2 From the use of these techniques at 

high resolution, they accumulated convincing evidence 

to explain how the supply of oxygen works in firefly lan-

terns.

Two possible switching mechanisms of firefly lu-

minescence have been proposed. The first mechanism 
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