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High temperature electron spin resonafESR) and magnetic susceptibilitiy) are analyzed for
manganites related with colossal magnetoresistd@®@R). The properties of compounds with
different crystalline structures: three-dimensiongBD) perovskites, pyrochlore, and

La, »Sr; gMn,04, a two-dimensional layer, are compared. In the paramagnetic regime, and outside
the critical regions associated with phase transitions, the temperature dependence of the ESR
linewidth presents a universal behavior dominated by the variationsy(@), AH,(T)
=[C/Tx(T)]JAH (). The high temperature limit of the linewidtH (=), is related to the
parameters of the Hamiltonian describing the interactions of the spin system. The role played by
magnetic anisotropy, isotropic superexchange, and double exchange is revealed and discussed in the
analysis of the experimental data. In CMR and non-CMR pyrochltzirblspp(oo)ocwﬁl\] wherelJ is
proportional to the Curie—Weiss temperature, including the hybridization mechanism producing
CMR. Instead AH () of CMR perovskites seems not to be affected by the double-exchange
interaction. In contrast with the 3D perovskites, the ESR linewidth and resonance field of
La; .St gMn,04, a bilayer compound, although isotropic at high temperatures, becomes anisotropic
for T;=125K<T<T,~450K. © 2000 American Institute of Physi¢§0021-89780)42308-X]

The goal of this work is to study the magnetic propertieswhole T dependence is contained in the t@YT y(T)] and
of colossal magnetoresistan@MR) oxides in the paramag- no evidence of a spin—phonon contribution to thid ,, was
netic phase and compare them with compounds of the sarfeund. Thus, in this regard there is no difference between
family that do not show CMR. Results for a variety of three-CMR and non-CMR compounds. Our data show that one
dimensional (3D) perovskites La ,CaMnOz; and pyro-  must go to at least B, to establish the limiting behavior at
chlores AMn;O; (A=Y, In, and T) manganites have been high temperatures that is reflected in Ej.>? Previous data
analyzed. In addition, LaSn Mn,O;, a layered manganite for AH, (T) were taken betweefi,<T<~2T,, a region

was also studied. _ where temperatureg(T) does not follow a Curie—Weiss
By performing electron spin resonan€ESR and dc law.l

susceptibility measurements up to 1000 K, the temperature It can be shown that interesting physics is contained in

eren_dencez of the ESR linewidthAH,,, has been AH (). As pointed out by Anderson and Weisthe ESR
investigated:? It was found that for all the 3D compounds lines are exchange narrowed withH, (o)o(e.)2/d
pp p) I

(p.e'rovsk|t§s and pyr_ochlor)?sthe ESR linewidth, ouFS|de wherew, takes into account the anisotropic spin interactions
m p pic sp
critical regions associated with structural and magnetic phas(%lipolar interactions, low symmetry crystal field, and aniso-

transitions, can be described by the expression ) . . : .

tropic and antisymmetric exchange, ¢tand the isotropic

AHpo(T)=[CITX(T)JAH (), (1)  exchange constadtis proportional to®. In Table I, values

of ® for CMR and non-CMR are given within the same
wherey(T) is the dc susceptibility andH (<) is the line-  series. The values @ are larger for the CMR systems as a
width expected at temperatures high enough for the dc susesult of the intense ferromagnetiEM) interaction present
ceptibility to follow a Curie—~Weis§CW) law. A universal  in these compounds. For the perovskite compounds a double-
behavior forAH,,(T) was found, where the only free pa- exchange mechani$m(DE) is the origin of the FM and
rameter isAHp,(*) when T is normalized to the critical CMR effect. Shimakawat al® have recently discussed the
temperatureT., or the Curie—Weiss temperatur®, The  magnetic properties and the electronic band structure for
compounds with pyrochlore structure. They concluded that
dElectronic mail: soseroff@sciences.sdsu.edu the ferromagnetic behavior observed on them is compatible
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TABLE I. AH, () and CW temperature for manganites with different T T T T T T T T T T
crystalline structures. 1000 |-
o
Compound Crystal structure  AH () (G) O (K)
800 |
LaMNO; Perovskite 2600 220
Lag sCaysMnO;  Perovskité 2400 370 @
Lay Cay sMnO; Perovskite 1600 250 = 600
CaMnO, Perovskite 1050 350 Qo =
TI,Mn,0, Pyrochloré 400 170 - 5
In,Mn,0O; Pyrochlore 500 145 ma 400 3
Y ,Mn,0; Pyrochlore 1830 40 < F E .
La, ,Sr, gMn,0;  Layered perovskife 1750 295 200 T 7 Curie-Weiss | |
N 00 200 ; 400 600 800
CMR materials. TK) 1
L 1 L 1 I 1 1 1
0zoo 300 400 500 600 700

with a superexchange interaction between thé \Vspins, in Temperature (K)

agreement with the Goodenough—Kanamori rules. In theig 2. AH,(T) vs T for La, §Sn Mn,0;. Open(solid) circles are for
case of TIMn,0;, the only metallic material, a hybridization H//c(H//a). Lines are fits to Eq(1). Dotted (continuous lines correspond
between the TI(6) orbital and the O(R) and Mn(3) is  toH//c(H//a). Insety *(T) vsT.

probably the reason for the high FM transition temperature,

the metallic behavior and the CMR efféatbserved.

The experimental values dfH, (), derived from EQ.  .,nrast in the perovskites a good agreement is found only
(1), are also given in Table I. For compounds with the SaMm&; the non-CMR materials. For CMR La.CalSP 3 MnO;
structure and comparable lattice parameters similar valueg, () is much larger than predictéd by the usual ex-
for w, are expected. Indeed, for the pyrochlores studied ;?:hapr’]pge narrowing mechanism. This may be related to the
single value forw, was obtained in Ref. 2. For 3D perovs- qchanisms producing the CMR effect in each family of
kites of the series La,CaMnO; an expression for .50 nds. In pyrochlores itinerant electrons are the origin
AHpp() was derived in Ref. 7 where, was attributed ¢ 1,0 metallicity and CMR of TMnO,0,. In the
primary to a Dzyaloshinkii—MoriydDM) antisymmetric €x- | 5 ¢4 MnO, perovskites, insulators in the paramagnetic

i i . i 2 . . . . . .
change co?/tznbzuuonD SXS§, and an expressionawb)”  p\) phase, CMR originate in the DE interaction that arises
“[S(S+1)]™"D was derived, \;\(/hers is the average SPIN- from the hopping of the, electrons and their related lattice
D was found pasmally const _nbver l;[/%‘? erole SEMeS,  distortion (eg polarong between Mn ions. The behavior of
D/kg=~0.8 K. Since the proporthn of /Mn* (and t'he AH () for the CMR La _,Ca(Sr,MnO; compounds, can
average spmfhar;ge_s monotonically along the series, ape ontrasted with the variation & which has a peak in the
variation ofw,~25% is expected. Consequently, when com-pqiqhiharmood ofk=1/3, the concentration associated with
paring compounds within each family, one expects that thg, s highest Curig. The maximum in the Curi@ is a con-
CMR materials, with larger values @ (andJ), will have @ o0 ence of DE. The question then arises why DE does not
narrower linewidth than pon-CMR compounzds. In Fig. 1 wepove a similar effect om\H,,. It has been proposed by
plot AH () vs ©, and fits of the data tod)“/J where we 1y hor o 417 that the apparent lack of an effect of DE on
assume® = (2/3)zY S+ 1)J/kg . For the pyrochlores the fit AH,y(=) is due to the time scale associated with the

is excellent including CMR and non-CMR compounds. Inchanges in the Mn valence arising from DE. This is too long
to influence the decay of the correlation function, whose time
- . — . integral determinesAH, («). That is, if the correlation
0L e 4 function, whose time integral determinési, (=), decays
: : rapidly in comparison with the time scale for significant
charge redistribution, then, to a first approximation, it will be
a unaffected by DE. When this happens, the decay of the cor-
1 relation function will be determined primarily by the super-
exchange interaction between the Mn idns.
Perovskites . _ It is interesting to include in the analysis _the resglts ob-
. - tained for Lg »,Sr; gMn,O,. The structure of this quasi-two-
" 1 dimensional phase is derived from the 3D perovskite by in-
500 o . serting(LaSn,0, sheets every two MnQlayers. It shows a
T { FM metallic ground state beloW,= 125K and CMR?° We
0 s ! . ! . - - ! have measuregt(T) for single crystals with the magnetic
0 100 200 300 400 field, H=3 kG, oriented parallel and perpendicular to the
0 (K) MnO, layers:Hlla andHlic, respectively(see inset of Fig.
FIG. 1. AH (=) vs O for perovskitegsquarel pyrochloregcircles, and 2). Abpve~550 K, x follows an isotropic paramagnetic CW
La; ,Sr;, gMn, 0y (triangle). Open and solid symbols correspond to non-CMR law with C=2.77 emu K/molMn and® =295K. We have
and CMR compounds. found for La ,Sr gMn,O; that M/H remains almost isotro-
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pic (for H=3 kG) down to T,=125K. In the PM regime it has been previously claimédHence, in the PM region,
(T>T,~450K) a dysonian ESR line witg=2 was ob- aboveT,, the behavior of La,Sr; gMn,0- is similar to that
tained for all the crystals studied. Its integrated intensity hagound in 3D perovskites. However, differences appear for
been found to follow th@ dependence of(T) as previously ~T<T<T, where a complex and highly anisotropic behavior
reported for LasSh ¢Mn,0-.8 This result indicates that all iS observed.

Mn spins contribute to the measured line. The temperature

variation AH,(T) is shown in Fig. 2. AboveT, the line- retafa de Ciencia y Tenica (PICT 3-52-1027, and Funda-

VAVIlilth (I:) )IiO;;OSP(;CGan'?hga\yaﬁlee ?sescco”rgegrgzlri]r? E‘P : V\Qthith cion Antorchas of Argentina and NSF-INT No. 9602829 and
op : P 9. 9802967, NSF-DMR 9705155 of USA.
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