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Huge anisotropic magnetostriction in La,_,Sr,Co05_5 (x=0.3): Field-induced orbital instability
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(Received 31 October 1997

Magnetostriction parallel and perpendicular to the applied magnetic field has been measured for
La; ,Sr,Co0; (x=0.3, 0.5) over a wide temperature range &T2<300 K) and up to a maximum field of
14.2 T. We find a huge anisotropic magnetostrictian) (with values as large as 2210 2 for x=0.3 and
1x10°2 for x=0.5 at 14.2 T and temperatures below 100 K. The volume magnetostriction has been found to
be negligible. The large value of, cannot be explained on the basis of the usual spin-orbit-coupling contri-
bution. We propose that such a huge anisotropic magnetostriction has its origin in the orbital instability of the
trivalent Co ions under the magnetic field, giving rise to a transition from a nondegenerated low-spin state to
an orbital degenerated intermediate-spin state.
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During the last few years there has been an upsurge 0f<0.558°!! Metallic conduction in these materials arises
research activities on oxides due to the discovery of colossathen the ferromagnetic clusters percolate electrically.
magnetoresistanceCMR) in manganatestfoi* MnOs, The unusual magnetic and magnetotransport properties _of
where R is a rare-earth ion adis an alkaline iop?How-  the cobaltates provoked us to study their magnetoelastic

ever, among the perovskite oxides other than mangana’té’gc’pert'eS mg;unly because the change of th.e orbital state
3+ p2+ could dramatically influence the magnetoelastic deformation
only cobaltates R;”,A;" Co0s) have been found so far to

- ’ 5 ’ of the lattice. In this paper we will concentrate on the com-
show magnetoresistance exceeding o%he hole doping positionsx=0.3 and 0.5 which show thermal induced para-
(substitution of R** by A*") in the parent compounds magnetic metal to cluster-glass metal transition. Neverthe-
LaMnQ;,, as well as in LaCog) creates mixed valencgn  less, for a comparison we have also measured the
Mn and Co iong and ferromagnetic metallic state for = compoundx=0 and 0.8.

=0.25. However, these two systems are fundamentally dif- The La_,SrCoO; samples X=0,0.08,0.3,0.5) were
ferent in many respects® The magnetic behavior of the Prepared by the citrate route to ensure more homogeneity.
cobaltates is rather unusual. The insulating Lag¢o=-0)  Stoichiometric amounts of L®;, SrCQ;, and Co were dis-

is diamagnetic below 90 K and paramagnetic above this ten20ved in nitric acid together with citric acid and ethylene-
perature. Because of the comparable magnitude of the cryst |yco|. The gel obtained after the solution evaporation was

. : : . ired overnight at 800 °C in an oxygen current flow. The
field (Acep) and intra-atomic exchangeld) energies, the resulting powder was pressed into bar shape and sintered at

Co™" ions, which are predominantly in a low-spibS) con- 1000 °C in oxygen flow for 3 days with intermediate grind-

figuration ¢35, S=0, diamagnetic staetransform into a ings. Oxygen content was determined by thermogravimetric
high-spin (HS) configuration (‘Z‘geé, S=2, paramagnetic analysis in a reducing atmosphere. Samples witt0 and
state (see Fig. ;1_6‘9 It has also been proposed recently that0.08 resulted in stoichiometric oxygen white=0.3 and 0.5

the transition occurs from the LS state to an intermediateshowed a slight oxygen deficiendy$=0.05. The crystal

spin (IS) state (ggeé, S=1), which lies closer in energy structures ofx=0.3 and 0.5 are rhombohedral and cubic,

than the HS statésee Fig. 11° Upon hole doping the com- reSPectively. o . .
We have measured resistivity and magnetoresistance in

pounds phase segregate into a hole p@imh in LS-Co™* . o
staté matrix and hole rich regior’s’ For low doping levels the temperature range &I <300K ano[ n magnet_lc fields
puP to H=12 T using a superconducting solenoid. In the

(X<O'2). the hole nc? “ig";”S are magrletlcsclusters wit same temperature range we also measured the thermal ex-
predominantly HS-CY (t24€5) and LS-CG" (t3g). These pansion and magnetostriction using the strain gauge tech-
ions interact ferromagnetically via superexchange or doubl@jque. Magnetostriction measurements were performed
exchange mechanistfisEor higher hole doping levelsx( along two directions, paralleh() and perpendiculary,) to
>0.2) the C8* and CJ" ions in intermediate spin configu- the field. We used pulsed fields up to 14.2 T within the
ration (t3,e4 andtj.e;, respectively’ and the HS-C%' ions  temperature range 4—300 K.

are localized on the interface between the magnetic clusters In Fig. 2 we show the resistivitieg) of the x=0.3 and

and the matri®. The ferromagnetism within the clusters is 0.5 samples. It should be noted that for0.5, p is two
believed to be of itinerant electron tyfé The antiferromag-  orders of magnitude lower than far= 0.3, due to the better
netic interaction between high-spin ions on the surface of thelectrical connectivity between the ferromagnetic metallic
clusters competes with the ferromagnetic interaction withirclusters. The maximum magnetoresistan®éR) values,

the clusters. These competing interactions give rise to a spirfeund neafT; at 12 T, are 12% and 7.5% far=0.3 and 0.5,

glass state forx=0.2 and cluster-glass state for 025 respectively(not shown in the figune These values are
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FIG. 1. Schematic diagram of the spin state of trivalent Co igas:high-spin (HS) Co*' ion with Jo, > Acgr, WhereJ,, is the
intra-atomic exchange energy anggr is the crystal field energyh) low-spin (LS) Co®" ion (Ace>Jey); and(c) intermediate-spirflS)
Co®* ion with Jahn-Teller distortion.

slightly higher than those previously reported for lower fieldsmanganate® This finding suggests a very different nature
(H<8 T).237° In the inset we show the thermal expansionof the magnetovolume effect in cobaltates compared to man-
coefficient,a[ = 1/T(dL/L)], for all the samples. The results ganates. In the latter, the magnetostriction is isotropic (
obtained forx=0 and 0.8 are in good agreement with the ~) ), and the large spontaneous or field induced magneto-
earlier reporf’, based on neutron diffraction data. The largevolume effect observed was associated with the metal-
increase ofx observed upon cooling in LaCa@@as associ- insulator transitiort* instead, the cobaltates retain their me-
ated with the LS-HS transition. As mentioned before, thistallic behavior. On the following we will concentrate on the
transition has been interpreted recently as a LS-ISarge anisotropic magnetoelastic effects that we have found
transition!® The Co ion in the IS state is a Jahn-Telld)  in the cobaltates.
ion. However, the JT interaction is not cooperative, as sug- In Figs. 4a) and 4b) we show the anisotropic magneto-
gested by the absence of any discontinuous change in thgriction isotherms),, for x=0.3 and 0.5, respectively. As
lattice parametePsand from infrared studie¥. There is am- one can see),; values obtained are huge (10 for T
biguity in the literature about the existence of such a spon=<100 K), two orders of magnitude higher than those of fer-
taneous spin-state transition in the hole-doped compositiongemagnetic 8 oxides such as mangandteand 3 ferro-
The coefficienta does not show any clear anomaly for  magnetic metal&® Notice that\, does not show saturation
>0, which has been taken as the evidence for the absence gfen at a field as high as 14.2 T. This behavior is again
the spontaneous spin-state transiffon. different from ferromagnets, in whick, nearly saturates af-
The magnetostriction in the compounds witkk O andx  ter the domain wall and domain rotation process are com-
=0.08 was found to be negligible. Here we will report on thepleted. It is also surprising that while the magnetic
results obtained for the=0.3 and 0.5 compositions, where behaviof!! is typical of a ferromagnet, with sharp rise at
large effects have been found. In Fig. 3 we illustrate the fieldow fields (H<900 Oe for x=0.5), A\, shows only a
dependence of the parallel () and perpendicularX ) iso-  gradual change from low to high field.
therms forx=0.5. As these\; and A\, magnetostrictions The largest anisotropic effects ever observed in magneto-
present opposite signs and display large values, a huge astriction are found in rare-earth intermetallics. For example,
isotropic magnetostriction \e~X\;—\,) is obtained. To in TbFe, \,~4x10 3atT=300 K andH=2.5 T} The
avoid complexity arising from the remanence and hysteresigrigin for this magnetostriction is the large anisotropy of the
showed by the magnetostriction isotherms the samples wes¥ electronic charge cloud, which gives a large electric qua-
heated abovd . (>250 K) before each new measurement. drupolar moment, and the strong spin-orbital coupling in re-
Only the data for the increasing strength of magnetic fieldation to the crystal electric fieldCEP interaction. How-
are shown in this figure. The maximum volume magnetoever, in most of the 8 oxides the lack of orbital degeneracy
striction (w=X\;+2\ ) for this composition is found near makes the orbital momentum negligible. As a consequence,
T, (=250 K) and it is about—140x 10 ® for H=14.2 T,  the anisotropic magnetostriction is quite small, as happens in
which is one order of magnitude lower than found in
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FIG. 2. Resistivity vs temperature for ttxe=0.3 and 0.5 com- H (T)
positions. The arrow indicate§.. The inset shows the thermal FIG. 3. Parallel §;, open symbolsand perpendicularX( ,

dependence of the linear thermal expansion coefficigntor sev-  closed symbolsmagnetostriction isotherms of }.g5r, sCo0O; at se-
eral compounds of the series LgSr,Co0;. lected temperatures.
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) ) - _ _ ions. It should be mentioned that high-field magnetization
FIG. 4. Anisotropic magnetostriction A{) isotherms in

measurements for the=0.5 composition support the exis-
tence of an intercluster matrix in the intermediate-spin
configuratiorf

La; ,SrCo0; at selected temperaturds) x=0.3; (b) x=0.5.

manganitesin Lag g7Ca 3MnO3, A;~60x 1078 at 4 K). In _
view of this, we have to look for a different explanation to  Figure 5 shows the temperature dependencg.ofThe
account for the larga, observed in cobaltates. anisotropic magnetostriction is nearly constant below 100 K

We suggest that a spin-state transition induced by th@nd decreases at a faster rate with increasing temperature.
magnetic field is the cause of this large effect. TheSuch a temperature dependence can be explained with the

LS-CA* (t5.) in the insulating matrix of the=0.3 and 0.5 proposed model due to the increasing population of the
29 - ' =~ .1 S-CO’" state, which is maximized below 100 (the spon-
compositions has no orbital degeneracy and cannot give rls:e . ’t te 1 ition t afiend h the ef
to the large value observed fag. These LS ions are under fan:apuls spln-_srha ef_ rlzndSI lon demper b & 258?:? e .? - ¢
the influence of the local magnetic field due to the ferromag—ﬁct |sfarger. ehe i (Ie:pen ?ch ab ove 'dIS S,:.m' ar to
netic clusters and the externally applied magnetic field. Agh.a koh a phararragnsl. rorln € afovehco|n5| erallons we
the external field increases, the magnetization within thdINK that the plausible explanation for the _a_lrgeva ues.
clusters increases and hence the effective field at L&-Co 0PServed is the field induced spin-state transition of the triva-
sites. This transforms the LS-€oion into the close ener- lent ions within the msulafung matrix. The larger valut_a)qf
getic configuration of IS-CY, which is a Jahn-Teller jon OPS€rved for lower strontium conte(dnd hence the higher
(see Fig. 1 Under JT distortion, the doubly degenerad fraction of the LS-CS" matrix) also supports our hypoth-

level of 1S-Ca™ splits into two singlets (=0), and the eSIISn. conclusion, we have found a huge anisotropic magne-
triplet t,4 into a singlet and a doubleL &1). The singlet L ' 9 P 9
states of thet,, level are occupied by two electrons with tostriction in the cluster glass state cobaltates. We have ex-

opposite spins and the doublet level by three electfeas plained this effect as arising from the field induced orbital

Fig. 1) Due o the degeneracy o the coulet evl wihy SA0TY 2 8 SOToethiel o e Spmeite Tanctor o
nonzero angular momentum, a strong intra-atomic spin-orbi% ' 9

S - . . .~ fion behavior of cobaltates is found to be different from that
coupling is created which couples to the lattice strain to Ve ihe manganates, which suggests that the fundamental

rise to a large anisotropic magnetostriction. From our mag- echanism governing the maanetotransoort proerties is dif-
netostriction measurements we cannot elucidate whether the 9 9 9 port prop

JT distortion induced by this field is cooperative or not. In €rent in both systems.
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(L=0), only a cooperative JT effect could produce a largeCICYT. The authors thank J. M. de Teresa for helpful dis-
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