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Absence of Ferroelectricity in SmFeO3

Ferroelectric polarization in SmFeO3 has been recently 

reported below TN ~ 670 K, but the origin of this po-

larization is highly debated.1-3 In addition, it has been 

pointed out that a spin-reorientation transition occurs at 

TSR ~ 480 K in this material has no noticeable effect on its 

polarization. Initially, a mechanism based on an inverse 

Dzyaloshinskii-Moriya interaction was proposed as the 

driving force of the ferroelectric properties of SmFeO3.
1 

However, the underlying k = 0 magnetic structure was 

not directly measured, but was inferred from electronic 

structure calculations.1 This calculated k = 0 structure 

with magnetic ions located at inversion cen-

ters has been argued not to be responsible 

for the ferroelectric polarization by Si × Sj 

driven spin-orbit-coupling as inversion sym-

metry is broken.2 Subsequently, an alterna-

tive mechanism based on JSi • Sj exchange-

striction was proposed to be responsible for 

the ferroelectric polarization in SmFeO3.
3

In the present work, overcoming the 

highly neutron-absorbing properties of Sm 

in neutron measurements, Chang-Yang Kou, 

Zhiwei Hu, Liu-Ho Tjeng and their co-workers 

observed antiferromagnetic ordering of 

types FXCYGZ and GXAYFZ in SmFeO3 at 300 

and 515 K, respectively. As pointed out in Ref. 

2 for SmFeO3 (with magnetic ions located at 

inversion centers), k = 0 magnetic structures 

are incompatible with an electric polarization 

induced by an inverse Dzyaloshinskii-Moriya 

interaction.

The antiferromagnetic properties of Sm-

FeO3 were further studied with Fe-L2,3 edge 

Xray absorption spectra dependent on linear polarization 

at 440 and 490 K with the Poynting vector of the light be-

ing parallel to axes a, b and c, shown in Figs. 1(a)–1(c). The 

experimental data were recorded at TLS beamline 08B1. 

They observed considerable X-Ray Magnetic Linear Dichro-

ism (XMLD) signals between electric field E || b and E || c in 

Fig. 1(a), between E || a and E || c in Fig. 1(b), but nearly no 

difference between E || a and E || b in Fig. 1(c). The sign of 

the XMLD signals is reversed from 440 K to 490 K; see Figs. 

1(a)–(b). This effect is similar to previous work on the Mo-

rin transition of hematite,4 revealing a rotation of the spin 

This report features the work of Chang-Yang Kou, Zhiwei Hu, Liu-Hao Tjeng and their co-workers published in Phys. Rev. Lett. 113, 217203 (2014).
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Fig. 1:  Fe L2,3 Xray absorption spectra of SmFeO3. (a)–(c) XAS dependent on linear 
polarization measured above and below TSR with the incident beam parallel to axes a, 
b and c.
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orientation across TSR in SmFeO3. To extract 

the orientations of the antiferromagnetic 

axes, the authors simulated the spectra with 

configuration-interaction cluster calcula-

tions.5 The calculated spectra are shown 

in Figs. 1(a)–1(c); the parameters used in 

their calculation are listed in Ref. 6. The cor-

responding FeO6 cluster considered in their 

calculations is shown in the right part of 

each figure. The experimental spectra are 

evidently reproduced with the calculated 

spectra with spins parallel to axes c and 

a at 440 and 490 K, respectively, thus cor-

roborating the collinear magnetic structure 

obtained in their neutron measurements.

In seeking ferroelectrity, they mea-

sured the anisotropic dielectric properties 

of single-crystalline thin plates of SmFeO3. 

The capacitance was measured for frequen-

cies over a range with an excitation level 1 V, 

while the temperature was swept at a small 

rate of warming or cooling (1–2 K/min). As 

shown in Figs. 2(a)–2(b), the temperature-

dependent relative permittivity with electric 

field along axis b, εb(T) shows only a broad 

hump with strong frequency dependence 

below ~ 600 K. The dielectric loss, tan δ, in-

creased rapidly with increasing temperature. 

All samples are insulators near 300 K and 

become slightly conductive at high tem-

peratures (several kΩ at 800 K). No apparent 

anomalies were observed in εb(T) about TN. If an intrinsic 

ferroelectric transition had occurred at TN, the correspond-

ing anomalies should be observable in both εb and tan δ, 

irrespective of testing frequencies. Also, εb(T) and εbc(T) ex-

hibit no anomalies at TN. Complementary measurements 

of capacitance and voltage (C-V) were made on all their 

samples at 295 K.

Figure 2(c) shows a typical C-V curve with the elec-

tric field applied along axis b. No hysteresis was observed 

for SmFeO3 within the experimental resolution (< 10-4). It 

hence excludes the existence of ferroelectricity in SmFeO3.

Interpreting the observations differently from the 

authors of Ref. 1, they suggest that strain might be in-

duced by magnetoeleastic coupling at TN that would be 

responsible for an artificial observation of a pyrocurrent 

in direction b at TN. Their measurements of powder X-ray 
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Fig. 2:  Dielectric characterization of SmFeO3 with electric field along axis b at varied testing 
frequency. (a) Relative permittivity dependent on temperature, εb. (b) Tangent loss 
tan δ. (c) C-V curve of SmFeO3 at 295 K with the corresponding loss data in the inset.
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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 

Is IrO2 Goodenough? 
An Insight into Electronic Structure via HAXPES

This report features the work of David J. Payne and his co-workers published in Phys. Rev. Let. 112, 117601 (2014).

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. 


