This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Author(s):

Lindén, J. & Yamamoto, T. & Karppinen, Maarit & Yamauchi, H. &
Pietari, T.

Title:

Evidence for valence fluctuation of Fe in Sr[sub 2]FeMoO[sub 6-w]
double perovskite

Year:

2000

Version:

Final published version

Please cite the original version:
Lindén, J. & Yamamoto, T. & Karppinen, Maarit & Yamauchi, H. & Pietari, T. 2000.
Evidence for valence fluctuation of Fe in Sr[sub 2]FeMoO[sub 6-w] double perovskite.
Applied Physics Letters. Volume 76, Issue 20. 2925-2927. ISSN 0003-6951 (printed).
DOI: 10.1063/1.126518.
Rights:

© 2000 AIP Publishing. This is the accepted version of the following article: Lindén, J. & Yamamoto, T. &
Karppinen, Maarit & Yamauchi, H. & Pietari, T. 2000. Evidence for valence fluctuation of Fe in Sr[sub
2]FeMoO[sub 6-w] double perovskite. Applied Physics Letters. Volume 76, Issue 20. 2925-2927. ISSN
0003-6951 (printed). DOI: 10.1063/1.126518, which has been published in final form at
http://scitation.aip.org/content/aip/journal/apl/76/20/10.1063/1.126518.

All material supplied via Aaltodoc is protected by copyright and other intellectual property rights, and
duplication or sale of all or part of any of the repository collections is not permitted, except that material may
be duplicated by you for your research use or educational purposes in electronic or print form. You must
obtain permission for any other use. Electronic or print copies may not be offered, whether for sale or
otherwise to anyone who is not an authorised user.

Powered by TCPDF (www.tcpdf.org)

Evidence for valence fluctuation of Fe in Sr 2 FeMoO 6−w double perovskite
J. Lindén, T. Yamamoto, M. Karppinen, H. Yamauchi, and T. Pietari
Citation: Applied Physics Letters 76, 2925 (2000); doi: 10.1063/1.126518
View online: http://dx.doi.org/10.1063/1.126518
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/76/20?ver=pdfcov
Published by the AIP Publishing
Articles you may be interested in
Effect of La doping on the properties of Sr 2 − x La x Fe Mo O 6 double perovskite
J. Appl. Phys. 104, 123903 (2008); 10.1063/1.3043586
Structural defects in Sr 2 Fe Mo O 6 double perovskite: Experimental versus theoretical approach
J. Appl. Phys. 98, 033905 (2005); 10.1063/1.1997286
Cation order and magnetic properties of double perovskite Sr 2 FeMoO 6
J. Appl. Phys. 93, 2816 (2003); 10.1063/1.1544088
Cationic ordering control of magnetization in Sr 2 FeMoO 6 double perovskite
Appl. Phys. Lett. 78, 781 (2001); 10.1063/1.1346624
Magnetic and Mössbauer spectral study of mixed valent La 0.2 Sr 0.8 Cu 0.2 Fe 0.8 O 2.68 and related
perovskites
J. Appl. Phys. 85, 5341 (1999); 10.1063/1.370246

This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:
130.233.216.27 On: Tue, 13 Oct 2015 06:59:17

APPLIED PHYSICS LETTERS

VOLUME 76, NUMBER 20

15 MAY 2000

Evidence for valence fluctuation of Fe in Sr2FeMoO6À w double perovskite
J. Lindén,a) T. Yamamoto, M. Karppinen,b) and H. Yamauchic)
Materials and Structures Laboratory, Tokyo Institute of Technology, Yokohama 226-8503, Japan

T. Pietari
Department of Technical Physics, Helsinki University of Technology, FIN-02015 Espoo, Finland

共Received 4 January 2000; accepted for publication 20 March 2000兲
In this letter evidence for the formation of a valence-fluctuation state of iron, formally denoted as
Fe2.5⫹, is presented. The system under study is the Sr2FeMoO6⫺w double perovskite, known for
exhibiting a very large magnetoresistance. Samples of Sr2FeMoO6⫺w were synthesized by means of
an encapsulation technique utilizing an Fe getter technique and characterized by 57Fe Mössbauer
spectroscopy. From 5 K to room temperature the Mössbauer spectrum is dominated by a component
with hyperfine parameter values between those expected for high-spin Fe3⫹ and high-spin Fe2⫹.
© 2000 American Institute of Physics. 关S0003-6951共00兲00520-9兴

Recently, spin-polarized giant tunneling magnetoresistance was confirmed at room temperature in powder samples
of the Sr2FeMoO6⫺w double-perovskite system.1 The origin
of the magnetoresistance 共MR兲 effect is claimed to be in the
half-metallic nature of Sr2FeMoO6⫺w . By applying a magnetic field to a specimen, the scattering of spin-polarized
charge carriers at magnetic domain walls is strongly
suppressed.1 The absence of strong MR effects in single
crystals of Sr2FeMoO6⫺w supports this notion.2 This and
similar perovskite systems were characterized already more
than 30 years ago.3–5 The recent activity in the field was,
however, triggered by the search for new MR systems as
well as half-metallic compounds.
An interesting question concerns the valence states of Fe
and Mo. In the early 57Fe Mössbauer study by Nakagawa, the
spectra were interpreted as high-spin (S⫽5/2)Fe3⫹, with a
small reservation towards the possibility of high-spin (S
⫽2)Fe2⫹. 4 Consequently, Mo was assigned to the 5⫹ valence state, the spin of which is 1/2. This opinion was advocated by more recent reports as well.1,5,6 Kobayashi et al.
claimed that the coupling between Fe3⫹ and Mo5⫹ is ferrimagnetic, leading to a magnetic moment of 4  B per formula
unit.1 It is noteworthy that the less likely ferromagnetic
Fe2⫹Mo6⫹ configuration also yields 4  B per formula unit, so
magnetization measurements alone cannot distinguish the
Fe3⫹Mo5⫹ configuration from the Fe2⫹Mo6⫹ configuration.
At 4.2 K the experimentally observed magnetization value
was only 3.1 B per formula unit.1,6 This discrepancy is probably due to a slight 共⬃10%兲 disorder between the Fe and Mo
atoms.2,7 Results from recent neutron diffraction experiments
show that the spin on the Fe site is 4.1⫾0.1  B , while that
on the Mo site is zero within the same statistical error.6 The
authors explained this by claiming that the antiferromagnetically coupled electron of the Mo5⫹ ion is itinerant and gives
no local magnetization on the Mo site. Instead, it serves to
a兲
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decrease the net spin on the Fe site from 5/2 to 2.
In a recent work on the oxygen-deficient BaSmFe2O5⫹u
double-perovskite system a Verwey-type mixed-valence or
valence-fluctuation state, formally expressed as Fe2.5⫹, was
observed.8 In samples with a reduced oxygen content u⬇0,
equal amounts of Fe atoms adopt valence states of 3⫹ and
2⫹ on a single lattice site. 57Fe Mössbauer spectra recorded
at room temperature are, nevertheless, dominated by a single
magnetic component which formally can be assigned to the
valence state Fe2.5⫹. 8 Upon cooling the samples below the
Verwey-type transition temperature (T V ⬇200 K) charge
separation occurs and expected amounts of divalent and
trivalent iron are found in the Mössbauer spectra.8 Furthermore, very recent measurements show that the
BaSmFe2O5⫹u system also exhibits MR effects.9 In the following, we will present evidence for the presence of the
Fe2.5⫹ valence-fluctuation state in Sr2FeMoO6⫺w .
The preparation of the Sr2FeMoO6⫺w samples is reported elsewhere.10 In brief, an encapsulation technique using an Fe getter and SrCO3, Fe2O3, and MoO3 as starting
materials was employed. Coulometric titrations were carried
out for establishing the oxygen content. Resistivity measurements under an applied field of 0–7 T were carried out in the
temperature range of 5–300 K. The 57Fe Mössbauer spectra
of the sample were recorded at 5, 77, and 300 K in transmission geometry. The absorber was made by spreading the
sample material mixed with varnish evenly on an Al foil.
The thickness of the sample material 共expressed in mass per
area兲 was approximately 20 mg/cm2. A linear Doppler velocity sweeping from ⫺15 to ⫹15 mm/s was used. An Amersham 57Co:Rh 共20mCi, December 1998兲 source was used for
producing the Mössbauer ␥ quanta, during the time interval
of September to October 1999. The spectra exhibiting magnetic splitting were fitted with the full Hamiltonian of combined electric and magnetic interactions. The following hyperfine parameters were included in the fit: the internal
magnetic field experienced by the Fe nucleus 共B兲, the chemical isomer shift relative to ␣-Fe 共␦兲, the quadrupole coupling
constant (eQV zz ), the resonance linewidth 共⌫兲, and the relative intensity of the components 共I兲. The following conditions and constraints were applied: 共i兲 For each component a
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FIG. 1. Mössbauer spectra of the Sr2FeMoO6⫺w sample obtained at indicated temperatures. Component 1 共along with the satellite at 300 K兲 and
component 2 are drawn using full and dashed lines, respectively.

certain variation in the parameter B was allowed in order to
simulate the fact that the internal fields have a certain spread
due to, e.g., disorder between Fe and Mo atoms 共at nextneighbor sites兲, temperature effects, etc. A Gaussian distribution was assumed and its width (⌬B) was introduced as a
fit parameter. 共ii兲 The asymmetry parameter  and the angle
 between the direction of the magnetic and the electric
quantization axes were set equal to zero. 共iii兲 All components
were constrained to have equal line widths ⌫. 共iv兲 A small
asymmetric quadrupole component, originating from traces
of iron in the Be detector window and in the Al foil was kept
fixed during the fits. These impurity defects cover less than
⬃2% of the spectral intensity obtained in the measurements.
The phase purity of the sample was confirmed by x-ray

diffraction. The structure was best described by the cubic
Fm3m symmetry.10 The oxygen content of the sample was
6.00共2兲 atoms per formula unit according to the coulometric
titrations,10 thus effectively ruling out the possibility of oxygen vacancies in the following treatment. The resistivity
measurements indicated a negative magnetoresistance of 8%
at 300 K and 7 T, in accordance with the findings of Ref. 1.
In Fig. 1, the spectra recorded from the Sr2FeMoO6⫺w
sample at 300, 77, and 5 K are presented. The 300 K spectrum is basically identical to the one presented in Ref. 4. The
5 and 77 K spectra are well resolved and adequately fitted
using two spectral components. The more intense component
is denoted component 1 and the less intense one component
2. At 300 K the large and slightly asymmetric broadening of
component 1 is accounted for by introducing a satellite component with a Gaussian distribution of the internal field
value. In Table I, the hyperfine parameters obtained from the
fit are given. As the satellite and component 1 are considered
to have a common origin, the average values for the hyperfine parameters are presented for component 1. Due to the
cubic crystal symmetry and the fact that there are no oxygen
vacancies, all Fe and Mo atoms reside in regular sixcoordinated oxygen polyhedra. The natural assignment for
component 1, which covers 91% of the spectral intensity 共at
5 K兲, is thus the regular Fe site. Component 2 is assigned to
the disorder site, where Fe occupies the Mo site. Both components have rather small quadrupole coupling constants, as
expected for a regular six coordination.
Using only the 300 K data assignment of the spin states
is difficult. However, the internal field, the isomer shift, and
the quadrupole coupling constant of component 1 are all
practically identical to those reported for the Fe2.5⫹300 K
subspectrum of the BaSmFe2O5⫹u system.8 Also, by visual
appearance the 300 K spectra of the Sr2FeMoO6⫺w sample
and the reduced (u⬇0)BaSmFe2O5 sample are essentially
identical. The isomer shifts of both the components, S 1 and
S 2 obtained from the fit of the Sr2FeMoO6⫺w spectrum, are
very large 共some 0.55 mm/s with respect to ␣-Fe兲, being at
the very upper limit of what is expected for high-spin Fe3⫹. 11
These facts are the first indications of the presence of the
fluctuating Fe2.5⫹ valence state.
The Curie temperature T C ⬇420 K is rather high.6 At 5 K
the internal fields have thus reached their saturation values.
The 47.6 T field of component 1 is too weak for a high-spin
Fe3⫹ state. This is also a strong indication of a transfer of the
Mo 4d 1 electron towards the Fe site, decreasing its formal
valence from 3⫹ towards 2.5⫹. Inside a regular octahedral
polyhedron field values well above 50 T would be expected
for high-spin Fe3⫹. 12 Thus, the 50.5 T field of component 2
complies better with high-spin Fe3⫹. As it is believed to
originate from the disordered Fe atoms at the Mo site, it is

TABLE I. Hyperfine parameters of the Sr2FeMoO6⫺w sample.

T

I1
共%兲

I2
共%兲

B1
共T兲

B2
共T兲

␦1

共mm/s兲

␦2

共mm/s兲

1
eQV zz
共mm/s兲

2
eQV zz
共mm/s兲

300 K
93共4兲a
7.4共8兲
30.2共2兲
33.73共9兲
0.55共1兲
0.57共1兲
⫺0.03共6兲
⫺0.08共4兲
77 K
87共3兲
13共1兲
46.46共3兲
49.2共1兲
0.658共3兲
0.52共2兲
⫺0.03共1兲
0.25共9兲
5K
91共3兲
9共2兲
47.63共4兲
50.5共2兲
0.663共4兲
0.54共4兲
⫺0.04共2兲
0.4共2兲
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completely surrounded by Fe cations. Therefore, the transfer
of the Mo 4d 1 electron is in this case inhibited and the valence state remains at 3⫹. Subtracting a typical second-order
Doppler shift of 0.1 mm/s 共upon decreasing the temperature
from 300 to 5 K兲 from the isomer shift values, component 2
complies well with high-spin Fe3⫹, whereas component 1
still remains at the upper boundary of what is expected for
high-spin Fe3⫹. Considering that the lower boundary of isomer shift for high-spin Fe2⫹ is about 0.78 mm/s,11 and that
typical field values are around 40 T, component 1 exhibits all
essential features of a high-spin Fe2.5⫹ valence-fluctuation
state. The quadrupole coupling constants should be close to
zero for both components in accordance with the symmetric
oxygen coordinations. Component 2 has an eQV zz value,
which is slightly increased, but still well in accordance with
coordination number six. It is noteworthy that in the reported
cases of mixed-valence fluctuations the quadrupole coupling
constant has been found to be zero, independent of the local
symmetry.8,13 This observation could explain why eQV zz actually reaches zero for component 1, but not for component
2.
The magnetic moments obtained by neutron-diffraction
measurements 共Ref. 6兲 support the valence-fluctuation picture, because the spin in the Fe2.5⫹ state is formally 2.25,
which gives a net magnetic moment of 4.5 B for Fe and a
mere 0.5 B for that of Mo. These values should not be taken
too literally, rather we would like to emphasize that an antiferromagnetically coupled itinerant electron reducing the
spin of the Fe site, should likewise reduce the valence state
giving rise to the particular valence-fluctuation state observed in this system. Anyhow, by taking into account the
Fe/Mo disorder on top of this, the experimental moments of
4  B and 0  B observed for the Fe and the Mo sites, respectively, seem appropriate. Contrary to the BaSmFe2O5⫹u system, no transition to a charge-separated state was observed at
temperatures above 5 K. Furthermore, as the resistivity and
susceptibility data show smooth behavior down to 4.2 K, the
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itinerant electron causing the valence-state fluctuation would
remain intact down to 4.2 K. As spin-polarized itinerant electrons are responsible for the giant MR effects observed in
powder samples, or rather the half-metallic nature of the
present system, it is conceivable that the valence-fluctuation
state is yet another manifestation of the same phenomenon.
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