Field induced magnetic structure transition of LaSrFeOy
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Abstract

We report the spin flop transition on LaSrFeQOs. A single crystal of LaSrFeO4 has been prepared by the floating-
zone method. The Mossbauer spectrum below 370 K consists of a single F&T hyperfine sextet. We observed a
magnetization jump around 1.8 Tesla in the magnetization curve below 20K. From the analysis of the transision
field on [1,0,0] and [1 1 0] direction, we found the magnetization jump coresponds to the spin flop transition in the
antiferromagnetic ground state of [1 1 0] and [-1 1 0] spin direction in the ¢ plane.
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1. Introduction

It is well known that the transition-metal oxides dis-
play a wide variety of exotic behaviors. The physical
properties of the oxides of the 3d transition metals
such Fe, Co and Mn having a single layered perovskite
structure (K2NiF4 type) have been studied with in-
terest not only because of the similarity of these ox-
ides with the superconducting Cu oxides, but because
there is much to be learnt about the underlying Mott-
Hubbard physics per se. In the review by Imada et al.
[1] a complete map of these compounds with 3d elec-
tron numbers from 1 to 9 and for electron and hole
dopings (viz. increase and decrease of band filling re-
spectively of the parent correlated insulator) has been
presented and the properties of some of these com-
pounds have also been discussed. One of these inter-
esting compounds is the Fe based layered perovskite
oxide, LaSrFeO4 , whose atomic and magnetic struc-
ture were first studied by by Souberoux et al. using X-
ray diffraction, Mossbauer spectroscopy and neutron
diffraction in the polycrystalline state [2]. This study
as well as earlier papers reported its structure to be
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orthorhombic (a ~ 3.874 and ¢ ~ 12.74) with space
group I4/mmm. The magnetic order was determined
to be antiferromagnetic with a saturation moment of
4.6 pup for the high spin S=5/2 state of the 3d° ionic
configuration of Fe*". Small differences in lattice pa-
rameters observed by different groups were attributed
to the presence of traces of Fe'* in the compound.
In this paper we report detailes of temperature depen-
dence magnetizaion curves on this system. We found
that the magnetic ground state has antiferromagnetic
order with spins of [1 1 0] and [-1 1 0] direction in the
¢ plane.

2. Experimental

The samples were synthesized using 4N purity
SrCOz2, LazOgs, and FexO3 as starting materials. Cal-
cination was carried out at 700°C for 3 hours followed
by sintering at 1100°C after pressing the samples into
pellets. The pellets were ground and pressed into 5
mm diameter rods by the application of hydrostatic
pressure. Single crystals were grown at the speed of 3
mm/hr in an infra-red furnace using the floating zone
method. The growth conditions were given in Ref.
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[4]. The single crystals examined in the present study
has a platelet shape with dimensions 2 x 2 x 1 mm>.
The magnetization measurements on single-crystal
LaSrFeO4 using SQUID magnetmeter were performed
between 5K and 350K up to 5 T. The magnetization
measurements at low temperature were performed

after heating at 350K.

3. Results and Discussions

A magnetization curve with [1 1 0] field direction at 5
K is shown in Fig.1. The magnetization monotonously
increases up to 1.8 T , and shows a discontinuity at
a transition magnetic field of H. =1.8 T. Above this
field the magnetizasion linealy increases and the exz-
trapolation to the low field passes through the origin.
A hysteresis of the magnetization is found in a magne-
tization curve around the magnetic transition field.
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Fig. 1. Magnetic moment plotted against the applied magnetic
field.

Fig. 2 shows a differential curve of a magnetization
with every measurement temperature. A obvious peak
in the differential magnetization curve is found at the
transition field of 1.8 T at 5 K. Furthermore, a small
peak that may suggest a change of magnetic structure
in 3 T was observed. In the temperature dependence of
differential magnetization curve, the main peak shows
a maximum value of 2.5 T at 30 K. And then the peak
magnetic field becomes small with increasing temper-
ature, and around 100 K it disappeares.

In this sample,the spins lie on the [1 1 0] direction.
A [11 0] domain and a perpendicular [-1 1 0] domain
equally exist at a low temperature in low magnetic
field. The magnetic spins parallel to the magnetic field
turn to vertical to the applied field with increase of
magnetic field, and then all the magnetic spins become
perpendiculer to the magnetic field at transition field
H.. So it occurs spin flop transition at H.. The magneti-
zation jump at 1.8 T corresponds to this spin flop tran-
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Fig. 2. Differential magnetization curves plotted against the
applied magnetic field.

sition in the antiferromagnetic state. Therefore, the
temperature dependence of the spin flop field reflects
the change of magnetic anisotropy. These results sup-
port a consequence of neutron diffraction experiment
that LaSrFeOy4 orders antiferromagnetically with the
magnetic reflections indexed by a propagation vector
q=(1/2, 1/2, 0) at room temperature.

4. Conclusions

Single crystals of LaSrFeO4 were prepared by the
floating-zone method. We observed the spin flop tran-
sition at 1.8 Tesla, in magnetization process at 5 K.
The spin flop transition field has a strong temperature
depsendens and disapear around 100 K.

Acknowledgements

References

[1] Masatoshi Imada, Atsushi Fujimori, and Yosinori Tokura,
Rev. Mod. Phys. 70, 1039 (1998).

[2] J. L. Soubeyroux, P. Courbin, D. Fournes, D. Fruchart, and
G. Le Flem, J. Solid State Chem. 31, 313 (1980).

[3] T. Omata, K. Ueda, N. Ueda, M. Katada, S. Fujitsu, T.
Hashimoto, and H. Kawazoe, Solid State Comm. 88, 807
(1993).

[4] K. Oka and H. Unoki, J. Crys. Growth Soc. Jpn. 14, 183
(1987) [In Japanese].



