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Drop of magnetocaloric effect related to the change from
first- to second-order magnetic phase transition
in La 53(Caq—,Sry)1,3sMnO3
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From data of initial magnetization isotherms, the magnetic entropy chAsgeof the series of
ferromagnetic perovskites bLgCa, _,Sr)1,sMnO5, with x=0, 0.05, 0.15, 0.25, 0.50, 0.75 and 1,

has been measured near their Curie temperatures. The results go from 3.¥KJkgfor
LaysCay,MNnO5 to 1.5 kgt K2 for LaysSr;,sMNn0O;. Nevertheless, the evolution afSy, with x is

not monotonic, it shows a steep decrease betweed.05 andx=0.15. This point corresponds to

a tolerance factort=0.92, at which the system changes from orthorhombiRbrim) to
rhombohedral R3c) structure, and the magnetic phase transition from first to second order.
Provided that rnombohedral symmetry forbids static long-range cooperative Jahn—Teller distortions,
present in orthorhombic samples, we interpret our results as the strong increase of lattice effects in
them. The anomalous thermal expansion at the Curie temperature, due to these lattice effects, is
thought to underlie the jump IAS,, with x. © 2002 American Institute of Physics.
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I. INTRODUCTION entropy change of these manganites, we have studied it in
this series of samples.
Ferromagnetic-to-paramagnetEM—PM) phase transi-
tions are usually taken in textbooks as paradigmatic secongt. EXPERIMENTAL DETAILS
order ones. This implies that the considered order parameter, Samples Las(Cay_ St 1 MnOs, with x=0, 0.05, 0.15,

i.e., magnetization, is destroyed by thermal randomizatiorb.25 0.50, 0.75, and 1, were prepared by solid state reaction

until it disappears at the Curie _temperatfrr@_sin a}continu— of La,0s, CaO, SICQ, MnO,, and MnO(at least 99.995%
ous way. From a thermodynam|c pomt of view, it means tharin purity), which were heated in air in two stef100 °C 70
the entr_op){, monotonically gnd cpntmuously related to thqq and 1200 °C 27 hand pressed into disks. The temperature
magnetization, suffers_no discontinuous c_hangg. Qf COUrS&yas slowly ramped at 5 °C/min, and cooled down to room
the change of phase is reflected by a discontinuity in th§emperature at 2 °C/min. Intermediate grindings were made.
specific heat al ¢, but there is not latent heat at the critical pg|lets were finally annealed at 1300 °C for 100 h, with an
point. intermediate grinding at 30 h. The nominal oxygen content
Materials of formula RsA1sMNO; (R=lanthanide, was near the stoichiometric value as determined by iodomet-
A=divalent alkal) that crystallize in the perovskite structure ric analysis(for example 3+ §=2.965(3) and 2.9@) for
are known to be ferromagnetic from decades tgdn those  LaSrMnO and LaCaMnO, respectivelyX-ray powder pat-
years the double-exchange mechanism was also describedtasns were collected at room temperature using a Philips
the source of their magnetic couplificf In principle this  PW1710 diffractometer, working with i radiation. The
means that these systems behave as standard ferromagnéatijce parameters for the end members of the series, derived
with a second-order FM—PM transition at their particularby Rietveld analysis, are in agreement with those reported in
Tcs. Nevertheless, in the last years, several features hagge literature. Electron spin resonance spectra of the samples
been found in them near the critical point that are not comwere taken at 9.5 GH&X band between 110 and 700 K with
mon in conventional ferromagnets. Among them are colossa Bruker ESP-300 and an X-band Bruker EMX spectrometer.
magnetoresistance? anomalous thermal lattice The small linewidth observed in our samples is a significant

expansiond® and a large magnetic entropy chany§,, at of the good quality and homogeneity of the matetfakor
Tc .12 this context, Miraet alX® have evidenced a cross- the calculation of the\Sy,, magnetization versus field iso-

over in the nature of the magnetic transition in a series of '€'Ms were measured with a DMS-1660 vibrating sample

ferromagnetic manganites of formula 444Ca,Sy;;sMnO;. magnetometer, in fields up to 10 kOe.

In order to test if this crossover has something to do with the
IIl. RESULTS AND DISCUSSION

dAuthor to whom correspondence should be addressed; electronic mail: The_ magnetocaloric effect can be measured e_ithe_r by the
fajmirap@usc.es adiabatic change of temperature under the application of a
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FIG. 3. Dependence of the maximum absolute valua 8f; with x. The
dashed line separates samples with first-order magnetic transitiohg at
FIG. 1. Initial magnetization isotherms for },55r,,MnO,, around its Curie  from those with second-order ones.

temperaturg=370 K).

mal magnetization versus field at different temperattites. oH
We have used the second method to avoid the difficulties of
adiabatic measurements. For this purpose, isothermal initidfrom this relation, the isothermal entropy change can be cal-
magnetization versus field curves were obtained around theulated from

Tcs, that range from=260 K for LaCaMnO to=370 for Hl gM

LaSrMnO. Figure 1 shows an example of such curves for ASM(T,H):SM(T,H)—SM(T,O):f () dH’

one of the members of the series. Before each run, the tem- o LT/,

perature was raised well beyorid:, in order to ensure a @)
perfect demagnetization. In this way, the magnetocaloric efthat can be approximated by

fect can be related to the magnetic measurements by the

magnetic field or through the measurement of initial isother- S IM
=T @

Maxwell relatiort® AS =3 MAHW ®)
Tn+l_Tn
whereM, andM,,, ; are the magnetization values measured
4.0 in a fieldH at temperature$, andT, ., respectively.
oX=0 In this way we obtained thelS,, in the different
3.5F = 0.05 samples at different temperatures, which are plotted in Fig. 2.
T The first that attracts our attention is the steep decrease in the
or La, (Ca, St ), MnO, maxima, by about a factor of 2, betwegr 0.05 and 0.15,
NN 25l the same samples for which Mig al. found a crossover in
- x=0.15 the nature of the magnetic transition, from first to second
@ 20l ? 1la x-025 order'® The difference between them is that the former crys-
S I / ;X x=0.50x=0.75 tallizes in an orthorhombic structurébnm) and the latter
s 1.5 o 4 Q-1 in a rhombohedral oneR3c).® The boundary line between
2 Po T ‘X 7’4_/‘\ both crystalline phases is at a tolerance fad¢tel0.92, as
T 1o} // %/ 2 already described by Radaedii al1” The point is that in the
s & e \3\ ‘X 4 /L ‘\ orthorhombic phase cooperative-long-range Jahn—Teller
0.5 AAAQQVV % b\ ‘7?(7:/ 0/\.\ <\4 \ distortions are possibt®!® (and in fact, experimental data
AR ;SAA\V“‘V‘VV ¥, a0, ' have demonstrated its preseffd), whereas the higher
0-300‘255‘2'50'2'75'350'355'3'50'3;;'::;); 425 symmetry of the Mn@ octahedra in theR3c) phase does
T (K) not allow them(the JT distortion modes are tetrag(_)nal or
orthorhombic, rhombohedral symmetry does not splitepe
FIG. 2. Magnetic entropy changeS,, vs temperature, for a field of 10 kOe orbital). . . .
for the Lays(Ca —xSk)1,aMnO;, series. Note the variation between the A change in the nature of the magnetic transition sug-
=0.05 and the 0.15 samples. gests a variation in the nature of the magnetic coupling.
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