Journal of Magnetism and Magnctic Materials 196-197 (1999) 487-489

M isn
ant
M matvise

Spin dynamics of Lag g5S1p.15C00; perovskite

J. Mira**, J. Rivas®, K. Jonason®, P. Nordblad®, M.P. Breijo°,
M.A. Seiaris Rodriguez®

*Departamenio de Fisica Aplicada, Universidade de Suntiago de Compostela, E-15706 Santiago de Composiela, Spain
*Depariment of Technology, Uppsala University, Box 534, §-751 21 Uppsala, Sweden
‘Departamento de Quimica Fundamental ¢ Industrial, Universidade da Corufia, E-15071 A Corufia, Spain

Abstract

Dynamic magnetic properties of Lag g5510.15C00; have been expenimentally studied by AC-susceptibility and
time-dependent zero-field-cooled magnetisation experiments. The onset of {erromagnetic order appears at Te = 240 K
and a frequency-dependent maximum of both components of the AC-susceptibility is observed at T = 60 K indicating
a low-temperature re-entrant spin glass phase. However, a dynamic scaling analysis of the behaviour does not yield
critical stowing down but thermally activated dynamics and thus no finite temperature transition to a re-entrant
spin-glass phase. Magnetic ageing, a signature of frustrated and disordered magnetic systems, is found to exist both above
and helow the frequency dependent maximum in the susceptibility. © 1999 Elsevier Science B.V. All rights reserved.
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The interest in magnetic and transport properties of
Ln, -,.B.MO; (Ln = lanthanide, B = alkaline earth,
M = 3d transition metal) perovskites has increased im-
mensely after the observation of colossal magnetoresis-
tance (CMR) in samples with M = Mn [1,2]. Co-based
La,_,Sr,CoQO; perovskites do not show a very high
magnetoresistance [3,4], but they still show interesting
magnetic properties [5] caused by a change of the spin
state of the Co®* ions with temperature. An abrupt
decrease of the susceptibility below 100 K in LaCoO; is
explained by a small energy difference between the
low-spin (t%¢% § = 0) and high-spin (¢%e?; § = 2) con-
figurations (of the order of ~0.03¢V) which allows
a gradual thermal population of the high spin state with
increasing temperature up to about 100K, where
an equilibrium 50 : 50 population of the two states is
reached [6,7]. Sr doping leads to a phase segregation
into hole-rich ferromagnetic metallic clusters and a
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hole-poor LaCoQ;-like matrix. This matrix may mediate
a temperature-dependent intercluster interaction. At
lower temperatures the LaCoQ,-like matrix would tend
to the § =0 configuration, weakening the interaction
in between the clusters. This tendency leads to an in-
creased disorder which may cause a re-entrant spin glass
phase. In a previous work on La, - .Sr,CoQO4 [8], two
anomalies in the temperature dependence of the AC-
susceptibility were observed and ascribed to the block-
ing temperature of two different interaction regimes. In
this paper, we report AC-susceptibility and time depen-
dent magnetisation measurements on Lag gsSrq ;sC00;
which reveal an ageing behaviour and distinguishes that
a true re-entrant spin-glass transition does not occur.
Sample synthesis and characterisation are described
elsewhere [5]. The AC-susceptibility was measured in
a LakeShore AC-susceptometer at different frequencies
and in an AC-field of 5 Oe¢. In Fig. 1a and Fig. 1b the real
(x") and imaginary (y”) parts of the AC-susceptibility are
plotted versus temperature for three different frequencies.
A frequency dependence of the response is seen at all
temperatures below T, both in the in-phase and the
out-of-phase components. The onset of ferromagnetic
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Fig. 1. (a) Real (¥) and (b) imaginary {”) parts of the AC
susceptibility for «/2r — 15, 125 and 10001z and AC-field
h =5 Oec. The inset displays 7" for es2n =051, 1.7. 5.1 17. 51
170, 510. 1700 Hz {bottom to top], AC-field A = 0.5 mQe.

order occurs at T = 240 K and is seen as a sharp in-
crease of both components of the susceptibility. This is in
agreement with neutron diffraction results, which evid-
ence the set up of ferromagnetic order at a similar tem-
perature [9]. A spinodal phase segregation into St-rich
and Sr-poor rcgions due to low-temperature synthesis
might be the origin of such an effect. The ferromagnetic
transition ts {ollowed by a shoulder (weak maximum in
the out-of-phase component) at about 170K and
a strongly frequency-dependent main maximum in both
components at T =~ 60 K that is shifted towards lower
temperatures with decreasing frequency. This behaviour
of the AC susceptibility somewhat resembles that of
4 vonventional re-entrant ferromagnet { 10]. To carefully
investigate the frequency dependence of the main max-
imum a non-commercial SQUID magnetometer was
used. In the inset of Fig. 1b, the out-of-phase component
of the susceptibility, measured in an AC-field of 0.5 mQe.
15 shown at different frequencics in the range
051 < f(Hz) < 1700. The position of the maximum in
the out-of-phase component can be used to define the
freezing temperature Ty{w) and the characteristic relax-
ation ume of the system at this maximum corresponds to
the observation time ¢t = 1/w of the AC-field. An analysis
of the behaviour of Ty{} shows that conventional critical
slowing down is not applicable but that the slowing
down of the dynamics follows a modified Arrhenius law.
log(t/1o) = 17 2 with t, = 10 ** s, Our results thus indi-
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Fig. 2. ZFC magnetisation, m(1) versus log ¢ (a) and relaxation
rate S(1) = (LA dM/d log £ versus log ¢ {b). for ¢, = 100. 1000,
10000 s at T, =75 K and i = 1 Oe. The insets show the corre-
spondmg curves at 1, = 35 K.

cale that there is no finite temperature spin-glass
transition T, in Lag 5551, ;sCoQO; in some contrast to
a previously reported result [11].

To reveal if the system exhibits ageing, we performed
time-dependent  zero-field-cooled (ZFC) relaxation
mecasurements. The system is then cooled down with
a cooling ratc of 3 K/min from a reference temperature.
here 7. = 280 K. to a measurement temperature, Ty,
where the sample 1s kept at a wait ime of 1. Thercafter
a weak DC-field, b, is upplied and the magnetisation, i is
recorded as a function of time. In Fig. 2a m is plotted
versus logi for T, =75K and T, = 55 K (in the inset)
tor t,, — 100, 1000 and 10000 s. The corresponding relax-
ation rate, S(r) = (1/hydM/d log r. is plotied in Fig. 2b.
A strong wait time dependence of the response is ob-
served at both temperatures. The m versus log r curves
have an inflection point when the observation time near-
Iy equals ¢,, and the relaxation rate attains a correspond-
ing maximum, thus a distinct ageing behaviour is
observed. Comparing the rclaxation rates at T,, = 55K
and T, = 75 K a quantitauve difference is obscrved. The
influence of ageing on the relaxation rate is stronger
above the THm) than below, e.g. the ratio between the
maximum at t x 7, and the level at r < 1 s, for the curves
measured with r,, = 1000 s. 15 about 5.5 at temperatures
above and .5 at temperature below Ti{w). A similar
behaviour has also been observed in a conventional re-
entrant ferromagnet [12].



J. Mira ei al. | Journal of Magnetism and Magnetic Materials 196-197 (1999) 487-489 489

The experiments show that the compound Lag s
Sry 15 Co05 exhibits ageing, a signature of disorder and
frustration, both above and below Td{w). The system
shows some striking similarities with a conventional
re-entrant ferromagnet, but the slowing down of the
dynamics does not support the existence of a (re-entrant)
spin-glass phase at low temperatures.
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