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XAS and MCD studies in Eu Sr. MnO present measurements both gratings were used.
06704 s The monochromator covers the energy region from 0.5 to 2 keV

(Yoshigoe et al, 2000). The energy resolution of the

. . . . a* .. . b H b
Masaichiro Mizumaki, Yuji Saitoh, * Akane Agui, monochromator, BE, was estimated over 7000 during the

Kenji Yoshii, " Atsushi Fujimori, ° and Shin measurements. The photon flux is expected to be greater than

Nakamura 10" photons/sec on a few-square-millimeter sample in the MCD
instrument. The post-focusing mirror current was recorded as an

“Japan Synchrotron Radiation Research Institiute, 1-1-1 incident photon intensity monitor. The photon energy scale of

Kouto Mikazuki-cho, Sayoh-gun 678-5198, Japan, "Japan spectra was calibrated by referring the nickel and titarliym
Atomic Energy Research Institute, 1-1-1 Kouto Mikazuki- absorption spectra of NiO and HiO'he MCD instrument, which
cho, Sayoh-gun 678-5198, Japan, ‘Department of Physics, was installed in BL23SU, could add the magnetic filed to samples

Teikyo University, 1-1 Toyosatodai, Utsunomiya 320-8551, until 10 Tesla and make samples cooled to 10 K.

Japan, ‘Department of Physics, University of Tokyo, Sample surfaces were thoroughly field in an analysis chamber
Bunkyo-ku, Tokyo 113-0033, Japan. E-mail: before the measurements. At BL25SU, the spectra were obtained
mizumaki@spring8.or.jp from the subtraction of XAS spectra, which were measured at T =

30 Kand H=1.4 T in a total electron yield mode aroundL¥f-

Eu,SKMNO; system is one of the perovskite manganites thatEUM4s edges. A magnetic field of +1.4 Tesla was applied to

- : . - les, and was switched at each photon energy to flip the
exhibit the giant magneto resistance effect and the transition fromamPies, a - ;
the insulator phase to the metal. (ESr, MnO; behaves as a magnetization. At BL23SU a magnetic field was fixed to +10

ferromagnetic semiconductor and has an Insulator-Metal (IM);F(‘;SI‘Sl and we cho_urI1d get the MCD dsp;ectrha by f]ut;tra(cjtirég thde ltv;/to
transition induced by external magnetic field, which could be S spectra which were measured for the right-handed and left-
found only in this system among the perovskite manganiteé"anded circularly polarized X-rays by the total electron yield
group. The mechanism of the transition was investigated by X_method. . .
ray Magnetic Circular Dichroism (XMCD) at the Mg s-edges E.Lb-6sr°-4Mno3 samples were synthesized by the conventional
of and the EWM, s -edges in EySy MnOs. ' solid state reaction method. Srg8N), EwO3(4N) and

' e MnO,(99.5%) were used starting materials. The starting materials
were mixed by stoichiometric ratios. The mixed powders were
calcined in air at 1173 K for 12 h. The calcined powders was
ground, pelletized, and sintered at 1473 K — 1723 K for 12 h in
air, and then furnace-cooled to room temperature. The powder X-

1. Introduction ray diffraction patterns revealed that the sample show a single
The perovskite manganites are well known for the Insulator- y p P 9

Metal (IM) transiton accompanied by the ferromagnetic- phasgd the orthorhombic perovskite-type structure without any
paramagnetic transition. This phenomenon can be interpreted dgmunty phasegTadokoroet al, 1998).

the double-exchange interaction model. Recently, this perovskit
manganites family have been revived because of their gian
magnetoresistance effect, charge order effect and orbital ordeg.0
Unlikely the other manganites, E$rp,/MnO; behaves as a
semiconductor and has the field-induced IM-transition. The
change of the resistivityhduced by magnetic field was observed
at 12 K and estimated to be the order of abofit The tentative
interpretation of the substantial change in resistivity was
proposed by Nakamurat al (1999). According to them, the
total quantum number (J) of the Eu ions supposed to be increas
from J=0 to J=7/2 when the external magnetic field induces th
change of the electronic state of Eu ions front"@ ©) to
Euw**(4f 7). Because of the coupling of the spins between Eu an
Mn ions, ext.ra holes a.t Mn sites W'".be prqduced and ContrIIOlJteThe result revealed that the valence of Eu ions did not change by
to the metallic conduction as the carrier. It is, however, not so thg?he magnetic field. In Figure 2 (a) and (b), Mpsedges
mr(]ech?nism of IM transition as rrélentioned alr)]ove is rr:ot Comngoﬂabsorption spectra. under the magnetic field ’paraiél 4hd
Therefore, our purpose was to determine the mechanism of t . . :
magnetic field-induced change of the resistivity. We report X_raygntlparallel () to the photon spin are shown by solid and broken

o : - lines, respectively. The MCD spectrum is the difference of these
Magnetic Circular Dichroism (XMCD) measurement perforlmed two spectra. Figure 2 (a) was measured at H = 1 T and T= 30 K.
at the L,zedges of Mn and theM,sedges of Eu in

. Figure 2 (b) was measured at H = 10 T and T= 30 K. The overall
EUO-Ger-.“MnO?’ at variable temperature and the strength OfIinge shapfe z)f the XAS and the MCD is quite similar between two
magnetic field. graphs. The multiplet structures in both XAS and MCD did not
show clear differences between two graphs. The intensity of
MCD became increasing, as the magnetic field became stronger.

Keywords: x-ray absorption spectra, magnetic circular
dichroism, metal-insulator transition, Eu . Sr, ,MnO,

. Results and Discussion

Figure 1 shows the magnetic field dependence of th#f

ft x-ray absorption spectra of &3, /MnOs. The spectrum (a)

was measured at 80 K with the external magnetic fields of 1 T

and the spectrum (b) was measured at 80 K with the external

magnetic fields of 10 T. Figure 2 shows thgs absorption

spectra of the EYi(J=0) ion and the E%i(J=7/2) ion. These

spectra were calculated with the complete atomic multiplet terms

égnada,et al, 1990; Nakazawaet al, 2000).

e If there was the change of Eu ion’s valence from trivalent to

divalent, the line shape of the Eu 3d-XAS spectra showed the
hange. But the spectrum (A) and (B) were the same shape.

hese spectra were similar to the theoretical spectrum 8f Eu

2. Experimental

The MCD and XAS spectra were measured foy¢86..MnO3
using synchrotron radiation at soft X-ray beamline BL23SU and
BL25SU of SPring-8, Japan.

BL23SU has a Hettrik-Underwood type monochromator which
consists of, a varied line-spacing plane grating and a post-
focusing mirror (Saitotet al, 2000). One can choose a grating
between a groove density 60thm grating and a grove density
10001/mm grating in vacuum for required energy region. For the
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1120 1130 1140 1150 1160 1170 1180 XAS and MCD at the MnL;zedges in EgeShhMnOs. They wee
Photon Eneray / eV measured at 3_0 K with the external magnetic fields of (@) 1 T and (b) 1
_ o T. The solid line and the dotted lines in upper part of both panel
Figure 2 ) ) correspond to XAS when the left- and the right-handed cirgularl
Calculated XAS EuMss edges for the Bl and EJ* ions, which the polarized light were used for measurements, respectively.

atomic full mutiplet terms were taken into account.
o ) ) H=1.4 T. The EuM,s soft x-ray absorption spectra under the
The origin of the multiplet structures seen in the-edges soft  magnetic field parallel () and antiparallel () to the photon spin
X-ray absorption spectra and MCD spectra is a combination ofre shown by solid line and dots, respectivel. The MCD
the electron-electron interaction within the Mn atom, the crystalspectrum is the difference of these two spectra and is shown by
field applied to Mn ion by © and the hybridization between the gots. The solid line in MCD spectrum corresponds to the
Mn 3d orbital and the O R orbital. It was reported that the gsmoothed raw data.

difference of MnL,sedges soft X-ray absorption spectra line The EuM,gabsorption spectrum shows the complex multiplet

shape comes from the average valence of (Mbatteet al, structures and the line shape is quite similar to the spectrum of
1992). Therefore, the average valence of Mn was not changeds(#* (J=0) ion. This results show that the valence of Eu ions is
clearly by the magnetic field. trivalent. The EuM,sMCD spectrum had the negative peak

Figure 4 shows the EM,s soft x-ray absorption spectra and around the &, regions and the positive peak around tlg,3
MCD spectra of the BuSKHMnO; taken at T=30 K and at regjons.
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According to the theoretical calculation of T. Jo (1993), the4. Conclusion

MCD intensity of EG* was expected to zero. They assumed that In summary, we measured the XAS and MCD spectra at the Mn-
EU" is taken the lowest state in the Hund’s Rule at T=0 K.L, zand EuM, sedges in EglsSrp MnO; taken at 30 K and 80 K
According to van Vleck (Vleck, 1965), the energy difference with the external magnetic fields of 1.4 T and 10 T. The shape of
between the ground stat&=Q) and the first excitation statd=1) the EuM, s x-ray absorption spectra showed the"Elr0) and
is very small with compared to othef dlements. Figure 5(a) did not change by the magnetic field. This fact showed that the
shows the energy scheme of3Euon. The magnitude of the valence of Eu ions was independent of the external magnetic
difference is about 29 meV. In the finite temperature some of thdield. The Mn4i, ; MCD spectra did not show the clear difference
Eu’ ions are excited to the first excitation statel). by the magnetic field. The results showed that the average

In Figure 5(b) and (C), the configuration of electronsJe® valence of Mn was not changed clearly by the magnetic field. In
and J=1 were shown respectively. When we assume theconclusion, the metal-insulator transition in oo MnO;
configuration of electrons and take into considerations for thenduced by the magnetic field did not come from the change of
first excited state, we are able to explain that the MCD &f Eu Eu ion’s valence. But the double exchange interaction played an
ions come out. We calculated the MCD intensity with the atomicimportant role in the field induced phase transition.

The EuM,s MCD spectra had a negative peak aroumt;,3

T T T T regions and a positive peak aroundys3 regions. We could

0.4 Eu3d-XAS ] explain that the MCD of the Bliions came from the existence of
Ms HetaT the first excited state in finite temperature.
T=30K , , ,
) We are grateful to JAERI soft x-ray science staff, including Drs.
03 O antiparalell A. Yokoya, A. Yoshigoe, and Y. Teraoka. We wish to thank Drs.
paralell M. Nakazawa and N. Ikeda and T. Nakamura.
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Figure 5

(a) The schematic diagram of energy levels of'HEan. (b) and (c) show
the configuration of #electrons fod=0 and forJ=1, respectively.

model about EXf (J=1) ions. As the result, the MCD signal is

negative aroundd,, regions and positive arounds3 regions.

We conclude that the MCD of the Buions came from the

existence of the first excited state in finite temperature.

442  Received 31 July 2000 + Accepted 4 December 2000 J. Synchrotron Rad. (2001). 8, 440-442



