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Magnetic properties of Nd1Õ3Sr2Õ3FeO3 by neutron and Mössbauer
spectroscopy
a)
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Charge transfer type Nd1/3Sr2/3FeO3 was synthesized and its magnetic properties were investigated
by neutron diffraction and Mössbauer spectroscopy at various temperatures ranging from 4.2 K to
room temperature. The powder neutron diffraction shows magnetic ordering structures. The
Nd1/3Sr2/3FeO3 with small lattice distortion underwent a charge ordering 共CO兲 phase transition at
and below T CO⫽163 K corresponding to a sequence of Fe⫹3Fe⫹3Fe⫹5Fe⫹3Fe⫹3Fe⫹5 aligned along
the z direction of rhombohedral, as well as canted antiferromagnetic spin ordering. The spin rotation
resulting from helical spin of Nd was observed at and below 25 K. At 4.2 K, the electric quadrupole
splittings for Fe3⫹ and Fe5⫹ are 0.06 and 0.15 共mm/s兲 which were changed to ⫺0.06 and ⫺0.02
共mm/s兲 at and above 20 K. It is evidence of spin rotation in Nd1/3Sr2/3FeO3. © 2001 American
Institute of Physics. 关DOI: 10.1063/1.1361265兴

I. INTRODUCTION

III. RESULTS AND DISCUSSION

The charge ordering effect in charge transfer type
R1/3Sr2/3FeO3 共R⫽La, Pr, and Nd兲 was investigated over the
last few years.1,2 This charge ordering 共CO兲 sequence of
Fe3⫹Fe3⫹Fe5⫹Fe3⫹Fe3⫹Fe5⫹ exists along the 关111兴 direction
of the pseudocubic perovskite structure.3 In this case, two
kinds of Fe ions with valence states Fe3⫹ and Fe5⫹ were
found, with ratio of 2:1 below a Néel temperature (T N ) of
160 K⫾2%. The present authors investigated the variation
of iron charge transition, Fe4⫹, Fe3⫹, and Fe5⫹ in
R1/3Sr2/3FeO3 by Mössbauer spectroscopy.4 The colossal
magnetoresistance 共CMR兲 manganese has a CO sequence at
the area of the antiferromagnetic insulator.5 Recently, several
researchers have insisted that the existence of two Néel temperatures results from Nd3⫹ coupling with Mn3⫹ in
Nd2/3Sr1/3MnO3 at low temperature.6 In comparison with
Nd2/3Sr2/3MnO3, we were interested in the magnetic ordering
in Nd1/3Sr2/3FeO3, and several other effects below 25 K.
The results of magnetization, magnetic hyperfine fields,
and electric quadrupole splitting indicate the existence of
spin rotation in Nd1/3Sr2/3FeO3. The quadrupole splitting of
Mössbauer spectra is the best piece of evidence about spin
reorientation or spin rotation.7 In this work, we present several pieces of evidence relating to spin rotation of iron below
25 K.

X-ray and neutron diffraction patterns of the samples
indicate a lattice constant with a rhombohedrally distorted
perovskite structure with lattice constant of a 0 ⫽5.457 Å and
␣ ⫽60.122°. Refinement was carried out in the space group
R3̄c by Rietvald analysis. Figures 1共a兲 and 1共b兲 show the
temperature dependence of the zero field cooled 共ZFC兲 and
field cooled 共FC兲 magnetization for Nd1/3Sr2/3FeO3 under applied field of 100 Oe. The magnetization at 100 Oe shows
very different phases between ZFC and FC under T CO . We
deduced the spontaneous magnetization ordered state in a
slightly distorted perovskite structure with an antiferromagnetic order of Fe3⫹ – O–Fe3⫹ and a ferromagnetic order of
Fe3⫹ – O–Fe5⫹. The perovskite Nd1/3Sr2/3FeO3 system underwent a phase change from the paramagnetic state to the
antiferromagnetic CO state at T CO(⫽T N ). In the charge
driven transition, T N should be lower than T CO . However, in
the charge–spin coupling driven and spin driven transition,
T N should be same as T CO . 8,9 The magnetization goes down
to 0 emu/g below 25 K. Kajimoto et al. reported that the
decreases of magnetization reflection below T⬃25 K comes
from ordering of the spin of Nd3⫹ ions in Nd1/3Sr2/3FeO3. 8
We detected the magnetic phase at low temperature by
neutron high resolution powder diffraction. The arrows indicate a magnetic ordering phase. Neutron diffraction experiments were performed using a wavelength of ⫽1.8346 Å
in KAERI, Korea. The magnetic structure has modulation
vectors of k1/6⫽(1/6,1/6,1/6), k1/3⫽(1/3,1/3,1/3), and k1/2
⫽(1/2,1/2,1/2). 8 The modulation vector of k1/3 is defined
well by electron diffraction.10,11 The modulation vectors
obey the Q dependence of the magnetic form factor of Fe
ions.8,11
Using a least-squares computer program, two sets of six
Lorentzian lines due to Fe3⫹ and Fe5⫹ were fitted to the
Mössbauer spectra of Nd1/3Sr2/3FeO3 from 4.2 to 90 K. There
is a centered line of Fe4⫹ from 105 to 150 K. The isomer
shifts ␦ of two subspectra revealed that one main component
was Fe5⫹ and the other Fe3⫹. The one broad centered line

II. EXPERIMENTAL TECHNIQUE

The apparatus used for the crystal growth of
Nd1/3Sr2/3FeO3 was a floating zone furnace.4 Magnetization
data were taken using a commercial superconducting quantum interference device 共SQUID兲 magnetometer 共Quantum
Design Inc.兲. A Mössbauer spectrometer of electromechanical type7 was used in the constant-acceleration mode.
a兲
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