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High-temperature spin dynamics in CMR manganites: ESR and magnetization
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We have performed electron spin resonance~ESR! and dc susceptibility measurements in Mn perovskites up
to 1000 K. Assuming an effective Heisenberg-like interaction for Mn312Mn41 spin pairs, the dc susceptibil-
ity, xdc(T), is well described in the paramagnetic regime by the constant coupling approximation. Absolute
determination of the ESR intensity indicates that all Mn spins contribute to the ESR line in the temperature
range studied. The ESR linewidth can be described byDHpp(T)5DHpp(`) @C/Txdc(T)#, thus presenting a
universal behavior in a temperature scale normalized toTc . A single relaxation mechanism, related to spin-
only interactions, explains theT dependence ofDHpp(T) for all the compounds studied: La0.67Ca0.33MnO3,
La0.67Sr0.33MnO3, Pr0.67Sr0.33MnO3, and La0.67Pb0.33MnO3. The dc susceptibility and the ESR linewidth and
intensity all reflect the progressive importance of magnetic clustering below'2Tc . @S0163-1829~98!08629-9#
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I. INTRODUCTION

The discovery of colossal magnetoresistence~CMR! in
manganese oxides has renewed the interest in t
materials,1 where a high correlation between structur
transport, and magnetic properties is found. Perovskite
general formula A12xAx8MnO3 (A5La,Pr, . . . ; A8
5Ca,Sr,Ba, . . . )with x.0.3 exhibit CMR effects in the
vicinity of the paramagnetic~PM! to ferromagnetic~FM!
transition temperature,Tc . These oxides show intense ele
tron spin resonance~ESR! lines in the PM phase with larg
variations of the line parameters2 as a function ofT. A large
increase in intensity nearTc , in coincidence with a divergen
behavior of the static susceptibility, reflects the strong
change coupling between the resonant species.2–4 However,
attempts to describe the measured ESR intensity,I (T), with
a simple Curie-Weiss~CW! law were not satisfactory in the
full PM temperature range and it was suggested2 that the
formation of Mn312Mn41 spin clusters, whenTc is ap-
proached from above, should be taken into account bey
the Weiss molecular-field approximation. The peak-to-pe
linewidth DHpp(T) shows a linearT dependence aboveTc
that was interpreted in terms of a single-phonon spin-lat
relaxation mechanism.3,4 Close to the high-temperature lim
of the reported data,3,4 a tendency to saturation was o
served. A crossover from a bottlenecked regime, wh
Mn31 and Mn41 ions are strongly coupled, to an isotherm
one was proposed4 as an explanation of this slope change
PRB 580163-1829/98/58~6!/3233~7!/$15.00
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DHpp(T). Systematic studies in an extended temperat
range were required3 in order to confirm these observation
and correlate the results with theoretical models for CM
involving double exchange and electron-phonon interactio
For this reason, we have performed ESR and magnetiza
measurements in a series of perovskite compounds in an
tended range of temperatures, up to 1000 K.

II. EXPERIMENTAL DETAILS

Ceramic samples of La0.67Ca0.33MnO3 were prepared by
the nitrate method using La2O3 ~99.999%!, CaO
~99.9995%!, and metallic Mn~99.99%!. The oxides were
preheated at 1200 °C under vacuum in order to elimin
adsorbed or chemically bound CO2 and water vapor. Sto-
ichiometric amounts were subsequently weighed in a dry
and dissolved in nitric acid. The compound was synthesi
at 1250 °C, with a final sintering process at 1450 °
La0.67Sr0.33MnO3 and Pr0.67Sr0.33MnO3 powder samples were
prepared by solid-state reactions of Pr6O11, La2O3, SrCO3,
and a mixture of MnO2 and MnO, all of them at leas
99.995% pure. After intermediate heat treatment at 1100
1200 °C, pressed pellets were kept at 1300 °C for 100 h.
have also measured single crystals of La0.67Sr0.33MnO3 and
La0.67Pb0.33MnO3 that were prepared as described in Refs
and 5.

Structure and phase purity were controlled by powder
ray diffraction. The powder pattern for La0.67Ca0.33MnO3 and
3233 © 1998 The American Physical Society
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3234 PRB 58M. T. CAUSA et al.
Pr0.67Sr0.33MnO3 were indexed on the basis of thePbnm
space group. Rietveld refinement gavea55.4766 Å, b
55.4609 Å, andc57.7153 Å for La0.67Ca0.33MnO3 and a
55.4570 Å, b55.4896 Å, and c57.7044 Å for
Pr0.67Sr0.33MnO3. The pattern of La0.67Sr0.33MnO3 corre-
sponds to a rhombohedral structureR3̄c with a55.5013 Å
and c513.3600 Å. The composition homogeneity of
sample of La0.67Ca0.33MnO3 was checked by scanning ele
tron microscopy and electron-diffraction spectroscopy ana
sis and found better than 1.5%. The oxygen stoichiome
was measured at 1000 °C for a sample of La0.67Ca0.33MnOy
by thermogravimetry6 as a function of thep(O2) in Ar2O2
and CO2CO2 atmospheres. The shape of the isothe
shown in Fig. 1 assures that the oxygen contenty
53.000(2) is obtained for 1024<p(O2)<1 atm. Thus, our
samples were quenched after annealing at 1000 °C in a

The dc magnetic susceptibilityxdc(T) was measured
from 250 to 1200 K, using a Faraday balance magnetome
ESR measurements were performed at 1.2 GHz (L band!, 9.4
GHz (X band! and 34 GHz (Q band! with an ESP-300
Bruker spectrometer from 200 to 350 K. For theX band, the
measurements were extended up to 1000 K using a 411
Bruker cavity.

FIG. 1. log@p(O2)/atm.# vs oxygen content ‘‘y’’ at 1000 °C for
La0.67Ca0.33MnOy .

FIG. 2. dc susceptibility for La0.67Sr0.33MnO3. Circles, experi-
mental data. Solid and dotted lines are fits to the constant-coup
and Curie-Weiss models, respectively.
-
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III. EXPERIMENTAL RESULTS

At high temperatures,xdc(T) follows in all cases a FM
Curie-Weiss temperature dependence,xdc(T)5C/(T2Q).
For temperatures below 1.5Q the curve for the inverse sus
ceptibility vs T shows a positive curvature~see Fig. 2! and
xdc(T) tends to diverge atTc,Q. From the linear behavior
xdc

21(T), for T.2Q, we have determined the Curie consta
C and extrapolation to lower temperatures givesQ. In Table
I, we present the values obtained forC, Tc , andQ.

In the PM temperature range the ESR spectrum cons
of a single line withg values given in Table II, which are
constant and independent of the microwave frequency
high temperatures. The line shape for sintered pellets
single crystals was Dysonian. Lorentzian lineshapes were
tained when the ceramic samples were reduced to fine p
der, as discussed in Ref. 7. For Dysonian line shapes, l
widths and resonant fields were derived following t
method proposed by Peteret al.8

A. ESR linewidth

When the ESR signals are intense, as it is usually the c
for FM materials nearTc even for relatively small samples
the measured linewidth is strongly dependent on the num
of spins in the sample. We have found that the ESR sig
corresponding to La0.67Ca0.33MnO3 powder samples of
10–15 mg presented a linewidth significantly larger th
samples of 1 mg. Near room temperature, wherexdc(T) is
large andDHpp(T) approaches its minimum value, this e
fect is most noticeable with a linewidth increase up to
factor of '2 ~see Fig. 3!. These sample size effects aris
from overloading the cavity through magnetic losses.9 If
these losses are not large enough to drive the diode dete
out of linearity, the ESR line remains Lorentzian, althou
with a larger linewidth. When the microwave frequency
fixed to the loaded cavity, it is given approximately by

g

TABLE I. Values for the Curie constant, Curie-Weiss and cri
cal temperatures, and exchange constant obtained from suscep
ity measurements.

Compound C ~emu K/mol! U ~K! Tc ~K! Tc /U J/kB

La0.67Ca0.33MnO3 2.8~1! 368 260 0.69 49
La0.67Sr0.33MnO3 2.6~1! 470 376 0.80 62
Pr0.67Sr0.33MnO3

a 2.6~1! 350 295 0.84 46
La0.67Pb0.33MnO3 342

aValues determined after subtraction of the Pr31 contribution to the
measured susceptibility.

TABLE II. ESR parameters.

Compound g factor DHpp(`) @Gauss#

La0.67Ca0.33MnO3 1.992(3)a 2400
La0.67Sr0.33MnO3 1.99~1! 2700
Pr0.67Sr0.33MnO3 2.00~1! 4500
La0.67Pb0.33MnO3 1.98~1! 2600

aValue determined fromQ-band data.



a
ia
d
s
em
d

s
rs
a

in

n
a
i

an

f t

re
c

l
th
e
e
e
t
.
c

-
o

for

dth

-
cal
line

mic
ser-

or
f

ve

orm

he

ic

mic

PRB 58 3235HIGH-TEMPERATURE SPIN DYNAMICS IN CMR . . .
DHpp
obs5DHpp~11b!1/2, ~3.1!

with b5(4p/3)hQLxesrv/gDHpp , wherexesr is the static
susceptibility corresponding to the resonant species,h is the
filling factor, andQL is the loadedQ of the microwave cav-
ity.

As seen in Fig. 3, we found that although Eq.~3.1! quali-
tatively describes the observed variations for relatively sm
samples, quantitative corrections would not be appropr
for the largest samples. Thus, numerical corrections base
this equation may not be reliable. In order to avoid the
difficulties, we have repeated the experiments at each t
perature with different amounts of powder material an
when necessary, extrapolated the data to zero mass.

As a function ofT, the ESR linewidth showed in all case
a behavior similar to that described in previous pape2

DHpp(T) decreases with decreasing temperature. On
proachingTc from above,DHpp(T) often goes through a
minimum at Tmin.Tc . The value ofTmin , the measured
linewidth at this temperature, and especially the rate of
crease below it have been reported10 as extremely sample
dependent. It has been subsequently suggested11 that this be-
havior may be associated with some magnetic inhomoge
ity of the samples arising from local variations of chemic
composition or oxygen stoichiometry. We are interested
the study of the relaxation mechanisms in the PM regime
it is then very important to ensure that the measuredT de-
pendence are not spurious effects related to the quality o
samples.

We have measured samples of different origin prepa
either as ceramic materials or single crystals. A powder
ramic sample of La0.67Ca0.33MnO3 was studied in detai
aroundTc and Fig. 4 shows the passage from the PM to
FM regime. ForT5272 K, a single line, 300 Gauss wid
with no structure, was observed. Below this temperatur
new line separates from the principal and shifts to low
field. The intensity is progressively transferred from one
the other and below 269 K a single line is again obtained
The field spread of the spectrum at a given temperature
be interpreted10–12 in terms of aTc distribution. The narrow-
ness of this distribution~less than 3 K! that could be associ
ated with the behavior in Fig. 4 indicates the good quality
the sample.

FIG. 3. Variations of the observed linewidth as a function of t
sample mass(•). Dashed line is the correction factor (11b)1/2 as
discussed in the text.
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We present in Fig. 5 some of the results obtained
La0.67Sr0.33MnO3. For powder ceramic samples~open
squares and triangles! a minimum linewidth of 130 Gauss
was measured atTmin'1.04Tc . Below this temperature the
linewidth increases rapidly. On the other hand, the linewi
of a small flat single crystal (13130.1 mm! remains ap-
proximately constant belowTc at about 70 G. The ESR spec
trum for another single crystal, polished into a spheri
shape of about 0.5 mm diameter, presents a distorted
shape with unresolved structure near and belowTc . The to-
tal peak-to-peak width~solid triangles in Fig. 5! reaches a
minimum value of'150 G. The increase belowTmin is
similar to that observed for the case of powdered cera
materials. The spread of the spectrum resembles the ob
vation in Ref. 13 of a splitting of the ESR spectra f
La0.67Pb0.33MnO3 single crystals, due to the nonuniformity o
the demagnetization tensor.

In addition to the sample-dependent effects, we ha
found strong dependence on the microwave frequency~or
applied field at resonance! immediately aboveTc , as shown
in Fig. 6 for a sample of La0.67Ca0.33MnO3. A similar varia-
tion with the microwave frequency was reported13 for the
splitting of the ESR spectrum on a La0.67Pb0.33MnO3 single
crystal. A comparison of both cases suggest that nonunif

FIG. 4. X-band ESR spectra of powder ceram
La0.67Ca0.33MnO3 for different temperatures in the vicinity ofTc .

FIG. 5. DHpp(T) vs T for La0.67Sr0.33MnO3. Solid and open
symbols corresponds to single crystals and powder cera
samples, respectively.
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3236 PRB 58M. T. CAUSA et al.
magnetization effects may originate this field dependen
Instead, the linewidths measured for different frequenc
aboveTmin are coincident within a few percent.

Since the behavior observed betweenTc and Tmin is
sample and field dependent and may confuse the analys
the results in the paramagnetic regime, we have exclu
this small temperature region from our analysis. Abo
Tmin , instead, none of the effects described were found
the temperature dependence of the ESR linewidth in sam
of different origin may be safely compared. In this tempe
ture regionDHpp(T) was originally found to be almost lin
ear withT, up to'600 K for La0.67Ca0.33MnO3 ~Ref. 2! and
La12xSrxMnO3 ~Ref. 11!. A small tendency to saturatio
was found3,4 for T'600 K ~close to the upper limit of the
experiments! in the case of La0.67Ca0.33MnO3 and
La0.8Ca0.2MnO3. We have extended the measurements up
1000 K at theX band and found in all cases significa
deviations from linearity at high temperatures. We show
Fig. 7 the results obtained forDHpp(T) in La0.67Ca0.33MnO3,
La0.67Sr0.33MnO3, Pr0.67Sr0.33MnO3, and La0.67Pb0.33MnO3.
In all cases, full saturation was not achieved within our te
perature limits.

FIG. 6. DHpp(T) vs T for the three microwave frequencies
the vicinity of Tmin : (h) Q band, (n) X band, and (s) L band.

FIG. 7. X-band DHpp(T) for La0.67A0.338 MnO3, and
Pr0.67Sr0.33MnO3 ~inset!. Solid symbols correspond to single cry
tals. For La0.67Ca0.33MnO3, L-band (L) andQ-band (% ) data are
also shown. Dotted lines: Eq.~4.5! using theDHpp(`) values of
Table I and the measuredxdc for each compound.
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B. ESR intensity

The intensity of the ESR spectrum,I (T), is an important
parameter to identify the nature of the resonant entities2–4,11

through the absolute value and temperature dependenc
xesr . There are several experimental difficulties in the det
mination ofI (T) because the linewidth increases by a fac
of 10 fromTmin to the highest temperatures. In addition, t
peak-to-peak amplitude of the measured derivative sig
hpp decreases three orders of magnitude in the sameT range.
This is a probable cause for the disagreement between
cently reported results.2–4,11 Based on these results, the a
thors have suggested that the observed signal is not the
ESR spectrum and would correspond to some of the m
netic species present in the sample. The remaining magn
species would give rise to much broader ESR signals. D
ferent possibilities have been proposed: Oseroffet al.2 and
Retori et al.3 considered as the resonant entity a complex
Mn312Mn41 spin clusters of increasing total average sp
asT approachesTc . In Ref. 4 the resonance was attribute
to the Mn41 ions, as part of a system of three componen
Mn41 ions, Mn31 ions, and the lattice. On the other han
Loflandet al.11 found that all Mn ions contribute to the ES
signal, at least up to 600 K. In order to shed some light
this controversial subject, we have made a careful and
tailed determination ofI (T) for La0.67Ca0.33MnO3, up to
1000 K.

I (T) was determined in two ways:~a! by numerical
double integration of the measured spectra in a magne
field sweep of 10DHpp(T), and~b! approximating the area
by the product@DHpp(T)#2hpp(T). Both methods gave re
sults proportional to each other in the whole temperat
range. Although the first method provides better accuracy
absolute values, the second one was preferred at high
perature because of the reduced signal-to-noise ratio of
ESR lines.

As in the case ofDHpp(T), the line intensity is modified
by size effects due to magnetic losses and given appr
mately by9

I 5hxesrvQL~11b!21/2. ~3.2!

When the conditionb!1 is not fulfilled,I (T) is not linear in
the sample mass. As already discussed for the case of
width determination, corrections based on Eq.~3.2! are of
limited validity. We have avoided this problem by usin
small samples. In addition to the variations due to the sam
size, I (T) is modified by changes ofQL as a function of
temperature. These changes were partially caused by the
perimental setup and we could not separate the possible
tribution from dielectric losses in the sample arising fro
charge tranfer betweenM ions. Thus, in order to obtain
xesr(T), we have renormalized the measured intensities
ing values ofQL determined at each temperature. In Fig.
xesr(T) is shown and compared withxdc(T). We found that
the temperature dependence is the same for bothxesr and
xdc in the whole PM temperature range.

Absolute values forxesr(T) were determined by compari
son to a reference sample of the ‘‘green phase’’ Gd2BaCuO5,
which follows a CW behavior14 with C58.12 emu K/mole
Gd andQ5223 K. We chose this sample because of t
constant linewidth14 as a function ofT ('1100 G!, which is
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of the same order of magnitude as that of our samples
careful determination was made for La0.67Ca0.33MnO3 at two
different temperatures and we obtainedxesr(450 K)
50.023(5) emu/mole andxesr(530 K)50.012(3) emu/
mole. These values are in excellent agreement with the
ues measured for the dc susceptibility:xdc(450 K)
50.024(3) emu/mole andxdc(530 K)50.015(2).

IV. DISCUSSION

The FM interaction between Mn ions present in CM
perovskites is commonly ascribed to the double excha
interaction proposed by Zener.15 A simplified model for this
interaction16,17 indicates that the hopping of electrons b
tween Mn ions connects them, forming high spin magne
clusters that include the itinerant electron. The effective F
coupling of the Mn ions resulting from this model gives ri
to a magnetic susceptibility17 that may be described by a
isotropic Heisenberg-like interaction between Mn312Mn41

pairs.

H522J(
^ i , j &

S1
i
•S2

j 1gmB(
i , j

~S1
i 1S2

j !•H, ~4.1!

whereS1 andS2 identify the spin of Mn41 and Mn31 spe-
cies, respectively, withS15 3

2 and S252; H is the external
magnetic field, and̂i , j & runs over all possible Mn312Mn41

pairs.
In the Weiss mean-field approximation~WMFA!, Néel

has shown18 that in the case of a system of two differe
magnetic species, thexdc

21(T) curve vsT is a hyperbola that,
at high temperatures, presents a CW asymptotic beha
with

C5NAg2mB
2@xS1~S111!1~12x!S2~S211!#/3kB ,

~4.2!

where x is the relative concentration of Mn41 ions. Forx
50.33, the calculated value isC52.64 emu K/mol, which is
close to the experimental results listed in Table I.

In the same limit, a CW temperature may be defined
the expression

FIG. 8. La0.67Ca0.33MnO3 ESR susceptibility vsT: (•) xesr ob-
tained by numerical integration, (D) xesr}(DHpp)

2hpp . Small
open circles, (xdc)

21 vs T.
A

l-

e

c

ior

y

kBQ/J5~4z/3!x~12x!S1~S111!S2~S211!/@xS1~S111!

1~12x!S2~S211!#, ~4.3!

wherez is the number of nearest Mn neighbors. To obta
Eq. ~4.3!, we have assumed a random site occupation and
this case, the average number of Mn41 (Mn31) ions sur-
rounding a Mn31 (Mn41) is equal toz times their relative
concentration. Using the measured values ofQ in Eq. ~4.3!,
we have derived the values forJ given in Table I.

The main assumption of the WMFA model is the statis
cal independence of the spins that neglect short-range o
Improvements on this model require a detailed treatmen
the formation of magnetic clusters.18 The constant-coupling
approximation~CCA! takes into account the correlation b
tween neighboring spins. We considered the magnetic
tem as an ensemble of spin pairs with an effective Ham
tonian

H522JS1•S21gmB~S11S2!•@H1He#, ~4.4!

whereHe is an effective field~acting on the pair! determined
by internal consistency requirements. ForT→`, both ap-
proximations predict the same result. However, asT ap-
proaches the ordering temperature, short-range order app
in the CCA and the ‘‘effective field per neighbor’’ increase
less and less rapidly as compared to the WMFA. As a c
sequence, long-range order is achieved at a temperaturTc
,Q, and the calculated susceptibility presents the posi
curvature found experimentally forxdc

21(T), as seen in Fig.
2.

The T dependence calculated in the CCA forS53/2 and
S52 differ by less than 2%, when normalized toTc . Thus,
their average was used to fit the experimental data
La0.67Sr0.33MnO3. As observed in Fig. 2, the agreement
excellent and the measured values for the ratioTc /Q in all
samples, shown in Table I, are close to the calculated va
Tc /Q50.78. The progressive clustering of the Mn ions, m
diated by the hopping of the electron introduced by doping
consequently described by the CCA.

The ESR experiment probes the dynamics of the magn
system. The coincidence ofxesr(T) with xdc(T) in the
whole PM range studied clearly indicates that all the Mn io
contribute to the observed ESR spectra. Thus, the ESR
width should be related to the relaxation mechanism of
coupled magnetic system. An exchange mechanism w
bottlenecked spin relaxation between Mn41 and Mn31 mag-
netic subsystems19 was proposed in Ref. 4 to describe theT
dependence ofDHpp(T). This model assigns the ESR line t
Mn41 ions and predicts a FM Curie-Weiss-like behavior f
the integrated intensity arising from the FM coupling of t
two subsystems. However, it failed to reproduce correc
the measured intensities in the whole temperature range.
deviations from the predicted behavior were attributed t
possible breakdown of the bottleneck regime at high te
peratures. The crossover to a nonbottlenecked state was
related with the tendency to saturation ofDHpp(T). Since
we have determined that all Mn spins contribute to the
served ESR line, and not only the Mn41 ions, we must in-
clude the contribution to the resonance of the Mn31 sub-
system. Huber20 has studied the problem of the resonance
two strongly coupled magnetic species and, in this cas
single ESR line should be observed in coincidence with
experiments.
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In treating the problem of theT dependence ofDHpp of
magnetic compounds in the PM region, Dormann a
Jaccarino21 have argued, following Huber’s22 approach, that
the main variation is given by the expression

DHpp~T!}@xs~T!/xesr~T!#DHpp~`!, ~4.5!

where xs(T)5C/T is the single-ion susceptibility an
xesr(T) corresponds to the paramagnetic behavior of
coupled system. A similar result was obtained by Kotz
and Scheithe23 from a phenomenological description in term
of modified Bloch equations. In order to use Eq.~4.5! for our
system, the appropriate mixture of Mn31 and Mn41 single
ions should be considered@see Eq.~4.2!# for xs(T). Accord-
ingly, values for the total Mn static susceptibilityxdc(T),
measured on the same samples, were used to draw the
tinuous lines in Fig. 7. In the case of Pr0.67Sr0.33MnO3, the
Pr31 contribution was previously subtracted. We found,
this way, an excellent agreement between the prediction
Eq. ~4.5! and the experimentalDHpp(T) for all the CMR
perovskites measured. This includes, not only the quasilin
behavior nearTc , but also the tendency to saturation
higher temperatures. A universalT dependence for the ESR
linewidth in aT scale normalized toTc (t5T/Tc) was found
for DHpp(t)/DHpp(`), as illustrated in Fig. 9, where a com
parison is made with the functionC/@ tx(t)#, calculated in
the CCA. The normalizing parameterDHpp(`) is given in
Table II. Thus, we conclude that theT dependence arise
solely from the variation ofx(T) in the prefactor of Eq.
~4.5!. Therefore, we found no need for the inclusion of a
extra T-dependent term in Eq.~4.5!. This result makes
doubtful previous interpretations3 based on one-phonon spin

FIG. 9. DHpp(T/Tc)/DHpp(`) vs T/Tc showing a universal
behavior for the perovskitesA0.67A0.338 MnO3: (h) A5La, A85Ca;
(s) A5La, A85Sr; (n) A5Pr, A85Sr.
,
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lattice relaxation mechanisms proposed by Huber a
Seehra24 for other insulating FM compounds. The univers
behavior in a magnetic temperature scale also allows u
discard a possible influence of the high-T crystallographic
transitions such as those reported25 for
La0.7(Ca12pSrp)0.3MnO3, since the transition temperatur
decreases rapidly withp while Tc increases.

The limiting valueDHpp(`) in Eq. ~4.5! corresponds to
spin-only interactions, as discussed by Huber in Ref. 20.
found DHpp(`)>2600(200) G for the perovskites withA
5La andDHpp(`)54500 G in the case of Pr0.67Sr0.33MnO3,
where the nearest neighbors of the Mn ions are nonreso
magnetic species (Pr31). If the only anisotropic contribution
were the dipole-dipole interaction, exchange-narrowed li
of only a few G would be expected,20 using theJ values of
Table I. Therefore, other broadening mechanisms26 must be
considered in order to explain our results, probably ass
ated with anisotropic exchange interactions.

V. CONCLUSIONS

We have measured in detail the temperature depend
of the dc susceptibility and the ESR line parameters in
wide temperature range for perovskite compoun
A12xAx8MnO3 (A5La,Pr andA85Ca,Sr,Pb) of different
origin. The static magnetic susceptibility,xdc(T) is well de-
scribed in the constant-coupling approximation, a mean-fi
model of the small cluster type. The integrated intensity
the ESR spectrum indicates thatall Mn spinscontribute to
the resonance and not only the Mn14 ions or some spin
clusters. A divergent behavior forxesr(T) nearTc , in coin-
cidence withxdc(T), reflects the importance of the FM cou
pling between Mn31 and Mn41 ions. The temperature de
pendence of the ESR linewidth may be described by
universal curve, whose temperature scale is associated
Tc . The behavior aboveTc is determined solely by the tem
perature dependence ofxesr(T). The infinite temperature
linewidth is kept as an adjustable parameter that is relate
spin-only interactions. We have found no evidence of a sp
phonon contribution to the experimental linewidth.
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