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Tricritical points in La-based ferromagnetic manganites
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A detailed study of the magnetizatidm(H,T) of manganites nedr: is presented. Analysis, in the
framework of Landau theory of phase transitioi={G,+ 1/2AM?+ 1/4BM*+ 1/6CM®— MH)
reveals that for LesCay 3MNO3 (Tc=267 K), L& gMNO5 (Tc=250K), and

Lag 60Y 0.0C& 3MNO3 (Tc=150K) the phase transition is first-order and tBecoefficient is
temperature dependent, negative nEar In field (H<HE) and temperatureT-<T<Tg) ranges,
below the critical point of the first-order phase transition, clear features are found, with hysteresis.
For L&y goY 0.0/C& 3dMN03, HE~20kOe, AT=Tg — Tc~20K. For La g/Ca 3903, on the other
hand,HZ is only 250 Oe andT< 1 K. These effects are related with electronic and elastic energy
contributions coupled to the magnetic order parameter. The analysis of the vanisBiapo¥eT -
suggests that a tricritical point should occurTat 310K, in agreement with the temperature at
which the magnetic and structural transitions ing {&a, SrK)MnO;z coincide. © 2003
American Institute of Physics[DOI: 10.1063/1.1558271

One of the most appealing features of colossal magnesy low field magnetization measurements and a Landau
toresistancelCMR) manganites are the conspicuous first-theory analysi§:® However, the nature and microscopic de-
order magnetic phase transitions, accompanied by metaltails of the phase transition in ferromagnetic manganites are
insulator and structural transitions with large discontinuitiesstill a controversial issue even for the most studied
in the magnetic, electric, or lattice propertiedhese are La;_,CaMnO; system. Recently, Salamaet al® brought
typically found when the low temperature phase is a chargelhis subject back to the center of discussion arguing that
orbital ordered statédivalent doping~0.5) or when mag- CMR in the optimally doped=0.33 can be viewed as a
netic and structural phase transitions are close, leading teiffiths singularity, driven by intrinsic randomness. We
magnetic  field-driven  structural transitons as in Present a study of the magnetic properties of La-based CMR

LaggSlh 1 MnO; (Ref. 1) or in the recently studied Manganites in the vicinity of the ferromagnetic—
Lag ACay_SK,)04MnO; for y~0.52 paramagnetic phase transition, that suggests that it occurs in

The behavior of ferromagnetic manganites in the vicinitythe vicinity of a tricriti.cal point, assogiated with the coupling
of the magnetic transition, particularly in systems with between the magnetic and electronic-structural order param-

~33% doping, for which Curie temperatur&g are usually ~©ters- We use the macroscopic Landau theory of phase tran-
psitions. To describe in a consistent way first- and second-

highest and no clear discontinuities in properties are o = X ¢ th
served, has been the subject of several studies. These point({Efjer transitions an expansion of the ene@fT.M) up to

a most likely first-order transitioriin zero magnetic field sixth power of the magnetization,G(T,M)=Go+ ;AM

1 4,1 6__ :
when T is sufficiently low. A change from first to second +aBM + sCM"~MH, with A andC>0. The parameteh

order has been reported to occur from,@a;,;MNO; (T¢ 1S usually assgm_ed to take the forw=a(T - To), whe_r_eTo .
~265K) t0 LaysSrMnO; (Te~360K) using magnetiza- is a characteristic temperature, close to the transition point
3 @rg=l1ygViNYs e 9 mag (Curie law). From minimization ofG(T,M) one obtains the
tion® and nuclear magnetic resonance stufligs.the latter

S o . .magnetic equation of statd/M=A-+BM?+CM* and the
system, the determination of critical exponents was poss'blgondition for a first-order transition B<0

and sqaling relations were verifiéd)ut in the former such In this case, in the presence of the magnetic fild,
analysis was unsucc_gssﬁ*_ﬂ. Evidence for the first-order , osents a discontinuity at the phase transition up to a critical
character of the transition in baCa,MnO; was also given  agnetic fieldH% and temperatur@% . This critical point is
determined by the conditioA(TE)=9B2(T&)/20C(TE).
dElectronic mail: vamaral @fis.ua.pt Further analysis of the model foB<0 shows that at
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higher temperatures and magnetic fields|(H) still 80.0
. . ) 150K

presents anomalous features with a maximundi/dH at 1 200K
a characteristic magnetic fieltho(T)=(A(T)—21B%(T)/ 60.04 190K
100C(T))V—3B(T)/10C(T). Particularly, for constars, B, N
and C, H(T) increases linearly with temperature(T) % |
~(T—T§), whereT§>T,, and corresponds at each tem- =

.0 NI 20.0 290K
perature to the critical value of the magnetlzatlmﬁ— 2y Ca MO
—3B/10C. In contrast, in the case of a second-order phase 00 B0 007 Poss s
transition,B>0 anddM/dH does not show any maximum. 0 40 80 H(KOe) 120

Ferromagnetic ceramic manganites were prepared by 4‘0'7'/
standard solid-state methotid:a, g/Cay 3MnO; (LaCaMn) 290K La, Y, ,Ca,  MnO,
with Tc~267K, vacancy doped l@gMnO;(La_Mn) with
Tc~250K, and LggoYg0La& 3dMNO5 (LaYCaMn), with
Tc~150K. The magnetizatiotM (H,T) was measured in
the paramagnetic phase in the vicinity B using a Quan-
tum Design superconducting quantum interference device
magnetometef55 kOg and an Oxford Instruments vibrating _ =S
sample magnetometéd20 kOg. The field dependence of 0 2000 4000 M*(emu’/g’)
the magnetization for the LaYCaMn sample in the paramagFIG. 1. (Top) M(H) for the LaYCaMn sampleT>150 K). (Bottomm) Arrott
netic phase T>150K) is presented in Fig.(tbp). M(H) plots of isotherms /M vs M?). M(H) presents an upward inflection and,
. . . . . below about 170 K, large field cycling irreversibility.

presents an anomalous upward inflection with maxima in
dM/dH at an almost constant magnetization valiue35
emu/g and, below about 170 K, large field cycling irrevers-
ibility is observed, with, howeveiM (H=0)=0 andM for

240K

H/M(gkOelemu)

=175K) clearly leads toT¢ =166 K, and therefore, from
Fig. 2,HE=20kOe, at the limit of the irreversibility region.

decrea;mg field is higher than for Increasing field. Only atFigure 4 shows the analogous plot for the LaCaMn sample.
very high temperatures that the magnetization recovers B this case. the extrapolation givag = 266K. To deter-

regular behavior. To analyze the magnetic behavior we usg . % . : . .
; 5 L mine HZ an alternative procedure is shown in the inset,
Arrott plots of isotherms i/M versusM<) shown in Fig.

: . . . where the linear temperature dependencé\ efa(T—T,),
1(bottom. One can immediately associate this anomalou§Nith constanta and Tp: 265.4 K iz used to calc(:ulateoi)oth
behavior with a negativé3 coefficient in the equation of 0 i

* _ * _ * ;
state, as it is given by the initial slope of the Arrott plot Tc—To andHe=Hc(Tc). For slowly varyingB(T) and

) . . C(T) parameters, as in this samplégoth quantities are
isotherms. Analogous behaw_ors are found n LaCaRef. nearly proportional. From the plateau region between 270
9) and LaMn samples, but without any prominent observa-

: : o - C - “rand 285 K, one reliably obtaing —To~0.6 K and HE
tion of field cycling irreversibility. The characteristic field _ . . . .
H(T) for the maxima indM/dH is shown in Fig. 2. It 250 0e. This value agrees with the field below which

. M(T) in the LaCaMn sample showed thermal cycling hys-
presents an almost linear temperature dependence_. AboY@resis effectS.The fact that first-order transition effects are
7220 K, dM/dH becomes very Sha"‘?"Y .and the MaxiMum apsent in the ferromagnetic insulatorglggCdy 2gMNO; (T¢
is not clearly observed. The irreversibility region at Iower:148 K)® suggests that the key point in determining such
temperatures is clearly delimited and one can temativel%ehavior is not a lowl < value but instead is the presence of
identify the branching pointat TE~170K) as the critical c

it for first-order ph ¢ tion. T firm thi lit another contribution or competing order parameter in the
?Om _otr Irs -t(;]r Z”: ase transi ;On'do con Irtrr? IS qut_a| a'Eetallic ferromagnetic samples. Jaieteal 12 considered the
Ve picture, the data were analyzed using Ihe€ equation Of,oiqjic electron concentration as a magnetically coupled

state and the Cgeﬁ'c'e.”?%' B, andC Were-determmed. As secondary order parameter in wt expansion leading to a
expected, theM~ coefficient presents a linear temperature

dependencéCurie—Weiss of A~a(T—T,), shown in Fig.

3(bottom). Shown in Fig. 8op) is the temperature depen- ~
dence ofB, which is indeed negative in most of the experi- €01 Hc=0.95(T-147) kOe . .
mental range, from 150 up t6260 K, about twicel. Cis AN ./‘
always positive. In the LaCaM(Ref. 9 and LaMn samples
the behavior is analogous, but the temperature range where 404 T o
B<0 is much shorter, frorc up to 298 and 290 K, respec-
tively. It should be remarked that at lower temperatures the
fit may not be so reliable due to the irreversibility effects, 201 L, 60Y0.0rC.5sMNO,
and the fit range was restricted to the higher magnetization

region, from maximunM? down to the minima of the Arrott Hi T(K)
plot isotherms. In Fig. Gottom) both sides of the equality 0
A=0.458%/C that determines the critical point are plotted ASeiG. 2. Hc(T) for the maxima indM/dH, presenting an almost linear

a function of temperature. Apparently, both curves do NOtemperature dependence. The irreversibility region at lower temperatures is
cross, but the extrapolation of the high temperature data ( clearly delimited.TZ is the critical point for the first-order phase transition.
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N§0'5 ,g °q * « 045B7/C =266K. Inset: TE—T, and HE=Hc(TE) determined fromB(T) and
7] ? ! : s, C(T). Data below 285 K givelg —T(~0.6 K andHg~ 250 Oe.
- g'g . *
ZO O ° * : .
’ 160 200 T(K) 240 Tc—Tg as a function ofT ¢ in our samples. This value curi-

FIG. 3. (Top) Temperature dependence Bf negative from 150 K up to ously matches the point in J.[he M(Cai,ySry)o_gMnO?, .SyS—
~260 K. (Bottom) Temperature dependence of both sides of the equalitytem for which the magnetic and structural transitions are
A=0.45%/C that determines the critical point plotted as a function of tem- equal §/=0.47, Ts=T-=310K). Recent work by Kim
perature. Extrapolation of the high temperature data gives 166 K, atthe et al }® showed that another tricritical point exists in the sys-
limit of the irreversibility region. tem La_,CaMnO; at doping level x=0.40 and Tc
=265.5K.
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