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Change from first- to second-order magnetic phase transition in Lgs(Ca, Sr)1,sMnO 5 perovskites

J. Mira and J. Rivas
Departamento de Bica Aplicada, Universidade de Santiago, E-15706 Santiago de Compostela, Spain

F. Rivadulla, C. Vaquez-Vaquez, and M. A. Lpez-Quintela
Departamento de Qmica-Fsica, Universidade de Santiago, E-15706 Santiago de Compostela, Spain
(Received 27 January 1999

Using a criterion given by Banerj¢®hys. Lett.12, 16 (1964] to distinguish first-order magnetic transitions
from second-order ones, we demonstrate that not all the title perovskites exhibit a first-order transition at their
Curie temperature$. . We observe that, although 4gCa;;sMNnO; exhibits a first-order magnetic transition at
Tc, LaysShsMn0O; exhibits a second-order ongS0163-182609)05729-X]

. INTRODUCTION LaysCasMnO; and Lag,sSh,sMnO;. We have also studied
. mixed Lag(Ca _,Sr)1,sMnO3 compounds in order to ob-

Lnz/sA1sMnO; orthomanganites Ln=rare earth, A~ (o0 thaeglgt(enaéeéc;)tl)gtwee?l theptwo end members of the
= alkaline earth pre_sent a magnetic phase tra_nsmon al 8eries. We note that in some of the literature referred in this
ferror_n_agne;uc Curie temperatureT;. Metal-msulator paper a mention thng Ag MnO; instead ofln A, MNO;
transitions;* anomalous thermal lattice expansionsnd s made. In any case, in the framework of the phase diagram
high negative magnetoresistafiéare found in the vicinity proposed by Urushibaret al® for La, _SLMnO,, it is clear
of this critical point. Such rich physics have attracted thethat variations fronx=0.30 tox=0.33 are negligible, and
interest of many researchers, but, despite the efforts mad#je conclusions we are drawing here %ot 0.30 are valid for
the nature of this magnetic transition is still not clear. x=0.33. The same argument serves for #¥%0.30 andx

On one hand, in the well-known LaCaysMnO; it seems ~ =0.33 Ca-doped samplés.
to be of first order, attending to large volume chanaad
to the small thermal hysteresis found in resisti¥#ynd mag-
netization curves versus temperafunearT. . According to Samples Lgy(Ca ,SrKy)1,3MNn0O;, with x=0, 0.05, 0.15,
Hwang et al,? in Lay-AqsMnO; (A=alkaline earth an  0.25, and 1, were prepared by solid-state reaction gOha
abrupt change of the matrix element describing the electron 0o T - - -
hopping between Mn sitds, would cause an abrupt change '
in the double-exchange coupling valdge and may be re-
sponsible for a first-order phase transition. Archibald, Zhou,
and Goodenough generalized this conclusion to the b
Lng A aMNO5 orthomanganites on the basis of the transition g

p=

II. EXPERIMENTAL DETAILS

H=5Oe

from polaronic to itinerant electrons, that would be reflected
in a compensating discontinuous change in the mean poten-
tial energy, explaining a first-order decrease in the mean
Mn-O bond length.
On the other hand, some authors have pointed to second- 0 230 250 270 - 300
order behavior in some concrete cases of this family, like T (K)
Lay 7Sty sMNnO;3, because of the observation of a continuous
phase transitioft’ - - - -
In this paper our aim is to gain insight into this contro-
versy. For this purpose we have recovered the criterion given
by Banerjee in 1962° that allows the determination of the
first- or second-order character of a magnetic transition.
He detected the essential similarity between the
Landau-LifshitZ! and Bean-Rodbéft criteria and condensed
them into one that provides a tool to distinguish first-order
magnetic transitions from second-order ones by purely mag-
netic methods. It consists on the observation of the slope of . . . N
isotherm plots oH/M versusM?, M being the experimen- ) 330 350 370 390
tally observed magnetization ard the magnetic field. A T (K)
positive or negative slope indicates a second-order or first-
order transition, respectively. We have applied this to two FIG. 1. Magnetization versus temperature for,4@a,MnO;
compounds that have been at the center of the controversgnd Lg,;Sr,gMnO; under an applied magnetic field of 5 Oe.

LamCa1 BMn03

M (emu/g)
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() J i MRS TR B FRVEL B AR A A A I R FIG. 3. (a) Magnetization versus magnetic-field isotherms for
0 1000 R 22000 3000 LaysSrysMnO; in the vicinity of its T¢. (b) H/M vs M2 plot for
M® (emu/g) such isotherms. The slope is always positive, denoting the second-

o L ) order character of the phase transition.
FIG. 2. (a) Magnetization versus magnetic field isotherms for

Lay,sCa,sMn0O; in the vicinity of its Tc. Note the anomalies of
slope at intermediate fields for isotherms between 258 and 268 K. Il. RESULTS AND DISCUSSION
(b) H/M vs M2 plot of the above isotherms. It is clear the negative
sign of the slope for some temperatures. The inset shows the detail Low-field magnetization versus temperature was first
for small values oM?2. measured for both end members of the series, in order to
have an estimation of the transition temperatures. The results
are presented in Fig. 1 and from them we extract Curie tem-
Ca0, SICQ, MnO,, and MnO(at least 99.995% in purily ~ Peratures of the order of 260 K for bgCa,sMnO; and 370
which were heated in air in two steps (1100°C for 70 h K for LagsStMnOs, both in agreement with data reported

. ) P ’in previous literatur&® In order to apply the Banerjee crite-
1200°C for 27 h and prizssed_ into disks. The temperaturej,, \ye have measured initial magnetization isotherms in the
was slowly ramped at 5 °C/min, and cooled down to roomy;cinity of the critical points. Before each run, samples were
temperature aF 2 °C/min. Intermediate grindings were _madeheated above theff. and cooled to the measuring tempera-
Pellets were finally annealed at 1300 °C for 100 h, with antyre under zero field, in order to ensure a perfect demagne-
intermediate grinding at 30 h. The nominal oxygen contentization of the samples. Figure(@ shows the results for
was near the stoichiometric value as determined by iodomet-a,,,Ca, ;MNnO;. The first characteristic that calls our atten-
ric analysis(for example, 3t 6=2.965(3) and 2.92) for  tion is the peculiar behavior of the curves at intermediate
LaSrMnO and LaCaMnO, respectivelyX-ray powder pat- fields, where a decrease of slope followed by an increase is
terns were collected at room temperature using a Philipsbserved. This behavior near the critical point was observed
PW1710 diffractometer, working with CuKradiation. The by Bean and Rodbell in MnA$ (which presents a first-order
lattice parameters for the end members of the series, derivecansition at its Curie temperatyrand used by Banerjee to
by Rietveld analysis, are in agreement with those reported itest his criteriort® In Fig. 2(b) we apply it and obtain that
the literature. Electron spin resonance spectra of the samplés/M vs M? isotherms between 260 and 268 K present nega-
were taken at 9.5 GHzX-band between 110 and 700 K tive slopes in some parts, which according to the criterion
with a Bruker ESP-300 and a Bruker EMX spectrometer.used here is an indication of the first-order character of the
The small linewidth observed in our samples is a signature ofransition. A similar change of slope M vs H isotherms
the good quality and homogeneity of the matelffaMag- has been observed recently in the layered manganite
netic measurements were performed with a Quantum Desigba; ,Sr; gMn,O; (Ref. 14 at the first-order phase transition
superconducting quantum interference device and a DMSpoint from a ferromagnetic to a canted statehich exhibits
1660 vibrating sample magnetometer. colossal magnetoresistan@MR).
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¥ T T T 1 3(b) where a positive slope for all tHé? range is present.
[ a) -] Substitution of Ca by Sr causes an increasd gf[Fig.
r - . 4(a)] as well as a decrease of the low-field magnetization and
340 [ - 3 a reduction of the differences between zero-field-cooled and
F P 1 field-cooledM vs T curves. It is detected that the character
- Pad 7] of the transition is very sensitive to Sr doping. Inspecting the
. - ] Banerjee plot of Fig. ) it can be seen that for=0.05 the
& 1 material presents still a first-order phase transitionT gt
- 17sMN0; ] but, attending to the slopes, such character is weaker than in
& 1 Lay;sCaysMnOs. In the case of Lay(Cay gsSiy 151/5MN0O; the
U — phase transition is already a second-order [6fig. 4 (C)].

0 02 04 x 0.6 08 ! When the properties of the end members of the series are

compared, one of the main qualitative differences is that the

fr AR ARRE transition afT ; is not accompanied by a metal-insulator tran-
F 283K b) 3 sition in LaysStsMn0O;.° Nevertheless, that does not seem
3 E to be a significative effect: lgSr,MnO; does show a
278K x=0.05 3 metal-insulator transition nedt. ,> and inspecting the Arrott
== 276K ] plotst® given by Loflandet all’ and Moharet al it is clear
that the magnetic transition is also of second order for this

St 272K 3 composition.

270K 285K 7 . . . . .
200 r--——;‘.//”// 3 In summary, we have determined, using a criterion given

T (K)

H/M (Oe g/emu)
]
~
~
1

by Banerjee, that although LgCa;;sMnO5 exhibits a first-
L e order transition aff ¢, LaysSr;sMnO; does not. Therefore
0 1000 2000 3000 the existence of a first-order transition for th,,5A1,3MNO;
M’ (emu/g)” orthomanganites, irrespective of the identityLaf or A, can-

not be stated. Also, taking into account that the CMR com-
pound Lg ¢Sty ,MnO5 presents a second-order phase transi-
tion at T we establish that the existence of a first-order
phase transition is not a universal feature of CMR materials.
The nature of the ferromagnetic-paramagnetic phase transi-
tion of CMR systems has been the concern of some experi-
ments, recently also in layered manganitébut clear con-
clusions could not be drawn. Eventual attempts in the search
for connections between colossal magnetoresistance and
first-order transitions should be made with the awareness of
0 oM the results presented here, for example in those trying to

0 1000 2000 3000 relate the behavior of the correlation lengthTat with the

M’ (emu/g)* formation of magnetic polarorfS.

H/M (Oe g/emu)

FIG. 4. (a) Dependence of the Curie temperatdrg on the
Sr-doping degree. (b) H/M vs M? plots of isotherms in the vi-
cinity of the Curie point of Lgs(Cay 95515 051sMNO3. (c) H/IM vs
M? plots of isotherms in the vicinity of the Curie point of ACKNOWLEDGMENTS
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