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Anomalous magnetic behavior in single-crystal LgoSrg,;MnO4
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We report detailed magnetization studies of single-crystal samples,@6t;aMnO;. This perovskite com-
pound undergoes a paramagnetic-insulator to ferromagnetic-insulator transition around 150 K and then a
transition to a canted antiferromagnetic insulating state at 1{l8.KKawanoet al, Phys. Rev. B63, R14 709
(1996]. Magnetization data show a strong anomaly in the temperature range from 105 to 118 K. There is a
sharp increase in magnetization around 110 K and the temperature of this transition increases with an increase
in magnetic field. The field dependence of the magnetization suggests a field-induced magnetic transition in the
temperature range of 105—-118 K with a large magnetic entropy chf80&63-18208)08437-9

I. INTRODUCTION unequivocally that long-range spin alignment is not essential
to the observed drop ip, and the concomitant quasimetallic
During the past year we have concentrated on studying dependence, foﬂ'<Tp.l3 This observation presents an
the magnetic transition, the field-dependent microwave lositeresting challenge to models which tie the so called metal-
[electron paramagnetiPM) resonancefor T>T¢, ferro-  insulator transition tT¢ and the onset of ferromagnetism.
magnetic(FM) resonancéFMR) (Ref. 2, and ferromagnetic FMR data are consistent witj~2 and a weak crystalline
antiresonance (FMAR) (Ref. 3 for T<Tc] and dc anisotropy but the lines are not particularly narrow.
magnetizatiof in single crystals of La ,SKMnO; with, The x=0.1 single-crystal material is the subject of the
nominally,x=0.3, 0.2, and 0.1. The.a, S)MnO; system is  present investigation. This material has been studied previ-
prototypical of the wide variety of manganites which areqs)y and exhibits the following properties of intere)
under intense scrutiny becaus® they exhibit colossal jrshibaraet al!* found that it is orthorhombic and under-
magnetoresistancé, which makes them attractive for appli- goes a paramagnetic to ferromagnetic transition at 145 K.

fundamental Understancing of strongly corelated. elecuron e Proposed that {67 <Tc, it s a ferromagnetic insula-
9 gy 1,1% using neutron scattering also ob-

systems. Their complexity has led various investigators t(%or. (b) Kawano et a
invoke double exchangéDE),7'8 Jahn-Teller distortion$, ainedT -~ 150 K but interpreted their loW- data to suggest

magnetic polaron® superexchange, and combinationsthat forT=110 K the material was a canted antiferromagnet,

thereot! to account for specific observations. The propertie?€rhaps of the kind originally proposed by De Gerlhegho
are rather sensitive to homogeneity. Single-crystal specimerigvoked the competition between double exchange and su-
are essential and even then one has to be extremely careffféréxchange to get two transitions in the dilute mixed man-
In our experiments, attempts were made to measure all th@anite.(c) Ananeet al1® made magnetization measurements
properties on the same sample. Forte0.3 system, which Which indicate that the material has sizable magnetocrystal-
is probably the best candidate for DE, careful study of thdine anisotropy and a somewhat anomalous temperature de-
PM-FM transition Tc~360K), using several techniques pendence foM for T~(T-=40 K). (d) Apart from a slight
shows that it is continuous and second order, the criticahesitation around 120 K, the resistivity exhibits activated be-
exponent for the magnetizatioB,being 0.4° Apart from an  havior down to low temperature, with an activation energy of
early mean field estimaté,there is no theoretical guidance ~ 140 meV, well in accortf with activation energies found
regarding the value g8 expected for a DE system. From the in the other manganites foF>T.. Our studies of the dc
FMR studies it is clear that the magnetocrystalline anisotmagnetization in a single crystal plat6.3 mm thick and
ropy is very smallH,~100 Oe. Theg value is close to 2 roughly 1 mnx2 mm in areaof thex=0.1 compound were
indicating weak spin orbit coupling. The intrinsic linewidth initiated to further understand the magnetic state of this sys-
is <50 Oe at 10 GHz. tem for T<T.. The results are truly unexpected. One finds
In the x=0.2 material, again, a thorough study of thethat the field dependent dc magnetization exhibits strong
PM-FM transition yields a sharp second order transition anomalies in the temperature range 105-118 K. The magne-
Tc=302 K with 8~0.40. The most interesting result in this tization anomalies may be related to subtle structural
case is that the peak temperature in the resistigidyvs  changes induced by the magnetic field. Magnetically field
temperature T) curve lies nearly 20 K abov&: showing induced structural changes have been observed by Kawano
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The La, oSt ;MnO; crystal was grown by the floating FIG. 2. M vsl_—| at 140 K for(a) in plane magnetizatior(b) out
zone technique at the Moscow State Steel and Alloys Instiof Plane magnetization.
tute. A detailed description of the sample preparation is
given in Ref. 19. Both electron dispersive x-ray analysis ancetry for an isotropic material it is expected to saturate with
x-ray diffraction data showed the crystal to be homogeneoughe application of very small magnetic field. However, in this
A plate was cut from the single crystal boule so that the €ase, it takes close to 1.6 kOe to obtain technical saturation.
axis is nearly normal to it. dc magnetization data were ob-This clearly indicates that there is a large magnetocrystalline
tained by using a superconducting quantum interference denisotropy in this material and treb plane is the “hard”
vice (Quantum Design Inc., model MPMSnagnetometer. Plane. The same sample was studied by FMR techniques
Measurements were done with the magnetic field app”ethere it was shown that the in-plane demagnetization field is
both parallel and perpendicular to the plane of the crystalduite small. These measurements, which are reported in de-
The temperature was stabilized to within 0.1 K in the rangeiail elsewheré’ confirm that the magnetocrystalline anisot-

5 K<T<300 K. Field-dependent data were taken 30 min affopy is large t~kOe) with thec axis being the easy axis.
ter stabilizing the temperature. Figure 3a) shows the in-plane magnetic isotherms at sev-

eral temperatures. At temperatures well below and well
above the so-called canting transition temperatufe a(
=110 K), the behavior appears to be that of a normal ferro-
Figure 1 shows the temperature dependence of the ifnagnet. However, in the vicinity of 4 the isotherms ex-
plane(HIl to ab plane magnetization for an applied field of hibit dramatically different behavior. To elucidate this fur-
2 Oe. The data show that a ferromagnetic transition takether, Fig. 3b) shows the isotherms for 180T<125K. In
place around 150 K. This agrees with previous stutfles. this regime the high-field magnetization exhibits a
This transition has also been confirmed by our ac suscepti-stepped” response. That is, at 118 W begins to rise
bility measurement In addition, the low-field magnetiza- rapidly (see arroowwhenH exceeds 35 kOe. At 116 K, there
tion exhibits a peak around 120 K which would imply either are two steps located at about 30 and 40 kOe and finally at
that there is spin canting below 120 K or that the coercivel12 K one observes three stepsat5, 28, and 40 kOe. To
field exceeds the applied field and rises rapidly with decreassur knowledge, this is the first observation of multiple mag-
ing T. As shown in Ref. 20, the anisotropy field increasesnetic anomalies in theH,T) plane of a dilute manganite.
rapidly asT drops below 150 K, thus a rise in coercivity is ~ Another instructive method for displaying thebt vs H
highly likely. The low temperature anomalies become moreanomalies is to look at the isochamgsonstH,M vs T
marked with increasing field, as we shall see below. curveg shown in Fig. 4. Starting aroun@ic(=150 K) the
Figures 2a) and Zb) show the magnetic isotherms at 140 magnetization increases roughly as expected for a ferromag-
K for in-plane and out-of-plane orientations, respectively. Itnet whenT is lowered. However, foll around 110-120 K,
is expected that for the latter case “saturation” should occurdepending on the applied field, there is a sharp increabt in
at H=47M (=~=2000 Oe in this cageln the former geom- before theM vs T curve essentially flattens at lower tem-

Ill. RESULTS AND DISCUSSION



8208

F 80 K
E 100 K
80 [
¥ 116 K
70 b 118K
60 |
— - 125 K
E L
D 50 140 K
> L
£ E
& 40
s 170K
30
20 |
' Lag.gSrg.1MnO3
10 §
(a)
0||l\||||k‘\||l||||xl\|l
0 10000 20000 30000 40000 50000
H (Oe)
100 K
k@ 105K
I 108 K
80 - 112K
I 114 K
116 K
I 118K
’g 70 +
= I
..
=}
£
° I
s 60+
I 125 K
50 |-
L L L FIUET TSNS AU S ST R ST L
0 10000 20000 30000 40000 50000
H (Oe)

FIG. 3. (8 M vs H at different temperatures. Anomalous be-
havior between 105-118 K is discussed in the té3tSame plot as
(a) with expanded scale in the temperature range between 100-125

K.

peratures. This field-induced transition temperatlis€H)
clearly rises with increasing.

A sharp change indM/dT)y has immediate thermody-
namics implications. The magnetic entropy must exhibit a
jump. Using a Maxwell relation the change in the magnetic

entropyASy,(T,H) is given by

ASy(T,H)=Sw(T,H)=Su(T,0)= JOH(d M/dT),dH
@

and the results derived from the data of Fig&)3and 3b)
are summarized in Fig. 5 fod=16 kOe. NearTc, ASy
varies rather smoothly. However, arouhg, ASy, exhibits a
large peak. In particularASy,(50 kOe,110 K~6.5 J/kg K.
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FIG. 4. M vs T at different applied magnetic fields. The sharp
increase inM for T between 110-120 K increases in temperature
with increase in the applied magnetic field.

Lag ¢Ca ,MnO; (Ref. 22 and suggestd that the perovskite
manganese oxides should be suitable candidates as magnetic
refrigerants.

The magnetic anomalies noted above are not fully under-
stood in so far as one cannot write explicit expressions to
reproduce the data. However, it is clear that the transition
around 110 K is not a simple change from ferromagnetic
alignment to a spin canted state as was proposed in Ref. 15,
especially in the presence of a magnetic field. The steps pro-
vide unequivocal evidence that the transitions are toward
more fully aligned spin configurations. Some clues as to the
possible origin of these unexpected phenomena is to recall
that in other dilute La_,Sr,MnO3; materials there are subtle
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FIG. 5. Change in magnetic entropx §,,) vs temperature at a
magnetic fieldH = 1.6 kOe. The temperature of the maximum mag-

This remarkable large value is comparable to that reportegetic entropy change is at 110 K, close to the canted AF transition
for Gd (Ref. 2) as well as polycrystalline samples of temperature.
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structural transitions within the ferromagnetic ph&salso, IV. CONCLUSIONS

in Lag g25510.1,MNOs, @ large structural transition, from a |, summary, we have made detailed magnetization studies
rhombohedral 8t° an orthorhombic phase, is induced by @ejow T and close to the canting transition temperature
magnetic field® It is also generally held that in the manga- (Tca) in single crystal LggSr,;MnO;. The magnetization
nites the onset of spin alignment is accompanied by a releasfata show large anomalies around 110 K and the temperature
of Jahn-Teller distortion(which in turn promotes greater at which this occurs increases with magnetic field. They do
overlap. All of these taken together lead us to propose thahot support the idéathat the 110 K transition leads to a spin

in the present material the steps in the magnetization areanted state. A remarkably large magnetic entropy change is
caused by field-induced structural changes. The structural efissociated with this phenomenon. These anomalies are most
fects may be quite small and probably will require very caredikely due to subtle changes in the crystal structure induced

ful diffractometry to determine unequivocally. by a magnetic field.
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