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High-temperature spin dynamics in CMR manganites: ESR and magnetization
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We have performed electron spin resonafi€8R and dc susceptibility measurements in Mn perovskites up
to 1000 K. Assuming an effective Heisenberg-like interaction fofMaMn** spin pairs, the dc susceptibil-
ity, xqc(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 bly,,(T)=AH,(*) [C/Txq(T)], thus presenting a
universal behavior in a temperature scale normalized@ toA single relaxation mechanism, related to spin-
only interactions, explains thé dependence oAH,(T) for all the compounds studied: b.gCé& 3dMnO;,
Lag 67515.3dMN0O3, PrySIh3dMN0;, and La Pk, 3MNO5. The dc susceptibility and the ESR linewidth and
intensity all reflect the progressive importance of magnetic clustering beldW, . [S0163-18208)08629-9

[. INTRODUCTION AHp(T). Systematic studies in an extended temperature

range were requirédn order to confirm these observations

The discovery of colossal magnetoresistef€MR) in and correlate the results with theoretical models for CMR
manganese oxides has renewed the interest in thesevolving double exchange and electron-phonon interactions.
materials: where a high correlation between structural, For this reason, we have performed ESR and magnetization
transport, and magnetic properties is found. Perovskites dneasurements in a series of perovskite compounds in an ex-

general formula A;_,A.MnO; (A=La,Pr,...; A’ tended range of temperatures, up to 1000 K.
=Ca,Sr,Ba, ...)with x=0.3 exhibit CMR effects in the
vicinity of the paramagneti¢dPM) to ferromagnetic(FM) Il. EXPERIMENTAL DETAILS

transition temperaturd,.. These oxides show intense elec-

tron spin resonancéESR) lines in the PM phase with large Ceramic samples of lgg/Ca, 3MnO3 were prepared by
variations of the line parametéras a function ofT. A large  the nitrate method using L&; (99.999%, CaO
increase in intensity ned , in coincidence with a divergent (99.9995%, and metallic Mn(99.99%. The oxides were
behavior of the static susceptibility, reflects the strong exfpreheated at 1200 °C under vacuum in order to eliminate
change coupling between the resonant spéecieslowever, —adsorbed or chemically bound G@nd water vapor. Sto-
attempts to describe the measured ESR intenity), with ichiometric amounts were subsequently weighed in a dry box
a simple Curie-Weis$CW) law were not satisfactory in the and dissolved in nitric acid. The compound was synthesized
full PM temperature range and it was sugge$tdtht the at 1250 °C, with a final sintering process at 1450 °C.
formation of M?™ —Mn** spin clusters, whefl, is ap-  Lag 7Sl 3MnO; and P ¢Sr, 33MNO; powder samples were
proached from above, should be taken into account beyongrepared by solid-state reactions o®y;, La,03, SrCG;,

the Weiss molecular-field approximation. The peak-to-pealand a mixture of Mn@ and MnO, all of them at least
linewidth AH,(T) shows a linealT dependence abovk,  99.995% pure. After intermediate heat treatment at 1100 and
that was interpreted in terms of a single-phonon spin-latticel200 °C, pressed pellets were kept at 1300 °C for 100 h. We
relaxation mechanism? Close to the high-temperature limit have also measured single crystals of i3, ;MnO; and

of the reported datd! a tendency to saturation was ob- LaggPhy, 3gMNO;5 that were prepared as described in Refs. 1
served. A crossover from a bottlenecked regime, wherand 5.

Mn®* and Mrf* ions are strongly coupled, to an isothermal ~ Structure and phase purity were controlled by powder x-
one was proposéds an explanation of this slope change inray diffraction. The powder pattern for jgCay 3qMnO; and
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T T T T T T TABLE I. Values for the Curie constant, Curie-Weiss and criti-

Oor ® cal temperatures, and exchange constant obtained from susceptibil-

) La, ;,Ca, ;,MnO, : ity measurements.

2F o -
€ T = 1000 °C p Compound C (emuK/mo) © (K) T, (K) T./0 Jikg
= 4t -
g 4 : Lay g/ 3MN0O; 2.81) 368 260 0.69 49
ON p ® Lag 6751 3MNO; 2.6(1) 470 376 0.80 62
§ =T o ol i Pro.6:Sl.5MN0O52 2.6(1) 350 295 0.84 46
o)) ® Lag 67P1y.3MNO; 342
o -8 [ .

° * ®values determined after subtraction of thé Pcontribution to the
-10F . measured susceptibility.

204 295 296 297 298 299 3.00
Oxygen content, y

Ill. EXPERIMENTAL RESULTS

At high temperaturesyy.(T) follows in all cases a FM
FIG. 1. logp(O,)/atm.] vs oxygen content §” at 1000 °C for ~ Curie-Weiss temperature dependengg,(T)=C/(T—0).
Lag 67Ca 3MnO, . For temperatures below 18 the curve for the inverse sus-
ceptibility vs T shows a positive curvatur@ee Fig. 2 and

Pry .S 3MNO; were indexed on the basis of tfbnm x4c(T) tends to diverge at.<®. From the linear behavior

: ' i ; - (T), for T>20, we have determined the Curie constant
space group. Rietveld refinement gawe=5.4766 A, b Xac (T), 9, _
=5.4609 A, andc=7.7153 A for La ¢Cay3MnO; and a C and extrapolation to lower temperatures gi@sin Table
=54570 A, b=54896 A, and c=7.7044 A for | we present the values obtained for T, and®.
ProysSlhsMnO;. The pattern of LggSK, 3gMNO; corre- In the PM temperature range the ESR spectrum consists

sponds to a rhombohedral structi®8c with a=5.5013 A of a single line withg values given in Table Il, which are
and c=13.3600 A. The composition homogeﬁeity of g constant and independent of the microwave frequency at

sample of Lg s,Cay :MnO, was checked by scanning elec- high temperatures. The line shape for sintered pellets and

PI€ 867-%.3 3 . ) y 9 single crystals was Dysonian. Lorentzian lineshapes were ob-
tron microscopy and electron-diffraction spectroscopy analy;[aine d when the ceramic samples were reduced to fine pow-
sis and found better than 1.5%. The oxygen stoichiometryéer as discussed in Ref. 7. For Dysonian line shapes, line-
was measured at 1000 °C for a sample of ¢&& 3MnO, : . '

by thermogravimetiy/as a function of thg(0O,) in Ar—0, erlgttr?gd arrl(()j (;:Zgnt? ntp ;Eltdglgwere derived following the
and CO-CO, atmospheres. The shape of the isotherm brop y '

shown in Fig. 1 assures that the oxygen contgnt
=3.000(2) is obtained for 10f< p(Oz)=<1 atm. Thus, our A. ESR linewidth
samples were quenched after annealing at 1000 °C in air. . ) .
The dc magnetic susceptibilityq(T) was measured When the ESR signals are mtense,'as it is usually the case
from 250 to 1200 K, using a Faraday balance magnetometef‘.)r FM materials neafl . even for relatively small samples,
ESR measurements were performed at 1.2 GHbdnd, 9.4 the measured linewidth is strongly dependent on the number
GHz (X band and 34 GHz Q band with an ESF"-BOO of spins in the sample. We have found that the ESR signal
Bruker spectrometer from 200 to 350 K. For tkeéband, the ~ corresponding 1o Lg/CaysMnO; powder samples of

measurements were extended up to 1000 K using a 4114H¥0—15 mg presented a linewidth significantly larger than
Bruker cavity. samples of 1 mg. Near room temperature, whegg(T) is

large andAH,,(T) approaches its minimum value, this ef-
fect is most noticeable with a linewidth increase up to a

0 ' ' ' ' ' ' ' ' factor of ~2 (see Fig. 3. These sample size effects arise
=) La, 81, . MNO, from overloading the cavity through magnetic_los%elé.
5 these losses are not large enough to drive the diode detector
g 200 i out of linearity, the ESR line remains Lorentzian, although
- with a larger linewidth. When the microwave frequency is
2 o} . fixed to the loaded cavity, it is given approximately by
I l i TABLE Il. ESR parameters.
T - 1 Compound g factor AH, (=) [Gaus$
0300 ‘ 400 ' ;00 I 600 ‘ 700 ‘ 800 ' 900 I 1000 ‘ 11|00 ' LaO_G7CaJ_331VInO3 1-992(3)‘1 2400
Temperature (K) Lag 67510.3MN0O; 1.991) 2700
o _ _ Pry 67515 3dMNO3 2.001) 4500
FIG. 2. dc susceptibility for Lgs:Slp 3MnOs. Circles, experi- | g, Ph, 2MnO; 1.991) 2600

mental data. Solid and dotted lines are fits to the constant-coupling
and Curie-Weiss models, respectively. &/alue determined fron®-band data.
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FIG. 3. Variations of the observed linewidth as a function of the H (Gauss)
sample masge). Dashed line is the correction factor £b)*? as
discussed in the text. FIG. 4. X-band ESR spectra of powder ceramic
Lay ¢Ca 3MNO; for different temperatures in the vicinity df. .
AHSS= AHp,(1+ D)2, (3.1

We present in Fig. 5 some of the results obtained for
with b= (47/3) nQ Xesw/ YAHp,, Wherey,s, is the static  Lag ;S 3qMnO;.  For powder ceramic samplegopen
susceptibility corresponding to the resonant specjeis,the  squares and triangles minimum linewidth of 130 Gauss
filling factor, andQ, is the loaded) of the microwave cav- was measured &t,,;,~1.04T.. Below this temperature the
ity. linewidth increases rapidly. On the other hand, the linewidth

As seen in Fig. 3, we found that although K8.1) quali-  of a small flat single crystal (£1x0.1 mm remains ap-
tatively describes the observed variations for relatively smalproximately constant below, at about 70 G. The ESR spec-
samples, quantitative corrections would not be appropriateeum for another single crystal, polished into a spherical
for the largest samples. Thus, numerical corrections based &hape of about 0.5 mm diameter, presents a distorted line
this equation may not be reliable. In order to avoid theseshape with unresolved structure near and belQw The to-
difficulties, we have repeated the experiments at each temal peak-to-peak width{solid triangles in Fig. breaches a
perature with different amounts of powder material and,minimum value of~150 G. The increase beloW,,;, is
when necessary, extrapolated the data to zero mass. similar to that observed for the case of powdered ceramic

As a function ofT, the ESR linewidth showed in all cases materials. The spread of the spectrum resembles the obser-
a behavior similar to that described in previous paﬁers:vation in Ref. 13 of a splitting of the ESR spectra for
AH,,(T) decreases with decreasing temperature. On apta, ¢k, 3IMnO; single crystals, due to the nonuniformity of
proachingT. from above,AH,,(T) often goes through a the demagnetization tensor.
minimum atT,,;,>T.. The value ofT,,;,, the measured In addition to the sample-dependent effects, we have
linewidth at this temperature, and especially the rate of infound strong dependence on the microwave frequeiocy
crease below it have been reporfeds extremely sample applied field at resonangénmediately aboved,, as shown
dependent. It has been subsequently sugg¥sdteat this be- in Fig. 6 for a sample of LgsCa 3dMNO3. A similar varia-
havior may be associated with some magnetic inhomogenegion with the microwave frequency was reportédor the
ity of the samples arising from local variations of chemicalsplitting of the ESR spectrum on a 8Pk, 3qMNn0O; single
composition or oxygen stoichiometry. We are interested ircrystal. A comparison of both cases suggest that nonuniform
the study of the relaxation mechanisms in the PM regime and
it is then very important to ensure that the measuredie- T . . . T
pendence are not spurious effects related to the quality of the ‘\ La, ,Sr, ,,MnO,

either as ceramic materials or single crystals. A powder ce-
ramic sample of Lgg/Ca 3qMnO5; was studied in detail
aroundT,; and Fig. 4 shows the passage from the PM to the
FM regime. ForT=272 K, a single line, 300 Gauss wide
with no structure, was observed. Below this temperature a 500 [ & iy
new line separates from the principal and shifts to lower ig -
field. The intensity is progressively transferred from one to a5
the other and below Z6K a single line is again obtained. A 2;)0' 3:0 b o - L
The field spread of the spectrum at a given temperature can Tem

: “12: oY perature (K)
be interpretet ~12in terms of aT distribution. The narrow-
ness of this distributiotfless than 3 Kthat could be associ- FIG. 5. AH,(T) vs T for Lag Sk sMnO;. Solid and open
ated with the behavior in Fig. 4 indicates the good quality ofsymbols corresponds to single crystals and powder ceramic
the sample. samples, respectively.

samples. 1500 |- o 4 ]
We have measured samples of different origin prepared \
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o
a
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FIG. 6. AH,(T) vs T for the three microwave frequencies in
the vicinity of Ty,in: () Q band, () X band, and ©) L band.
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B. ESR intensity

The intensity of the ESR spectrun(,T), is an important
parameter to identify the nature of the resonant entitfe's
through the absolute value and temperature dependence of
Xesr- There are several experimental difficulties in the deter-
mination ofl(T) because the linewidth increases by a factor
of 10 from T ,;, to the highest temperatures. In addition, the
peak-to-peak amplitude of the measured derivative signal
h,p decreases three orders of magnitude in the shmaage.

This is a probable cause for the disagreement between re-
cently reported results:*'! Based on these results, the au-
thors have suggested that the observed signal is not the full
ESR spectrum and would correspond to some of the mag-
netic species present in the sample. The remaining magnetic
species would give rise to much broader ESR signals. Dif-
ferent possibilities have been proposed: Oseenfal® and
Retoriet al3 considered as the resonant entity a complex of

magnetization effects may originate this field dependenceMn®"—Mn** spin clusters of increasing total average spin
Instead, the linewidths measured for different frequenciesisT approached .. In Ref. 4 the resonance was attributed
aboveT,,;, are coincident within a few percent.

Since the behavior observed betwe&p and T, is

to the Mrf* ions, as part of a system of three components:
Mn** ions, Mr* ions, and the lattice. On the other hand,

Samp|e and field dependent and may confuse the ana]ysis bpfland et al.ll found that all Mn ions contribute to the ESR

the results in the paramagnetic regime, we have excludedignal, at least up to 600 K. In order to shed some light on
this small temperature region from our analysis. Abovethis controversial subject, we have made a careful and de-

T.in, instead, none of the effects described were found anifiled determination ofl (T) for Lag 6C&.3MnOs, up to

the temperature dependence of the ESR linewidth in sampl
of different origin may be safely compared. In this tempera
ture regionAH,,(T) was originally found to be almost lin-
ear withT, up to~600 K for Lg, Ca 3dMnO3 (Ref. 2 and
La; _,SrMnO; (Ref. 1. A small tendency to saturation
was found* for T=~600 K (close to the upper limit of the
experiments in the case of LggCa3MnO; and

00 K.

I(T) was determined in two ways{a) by numerical
double integration of the measured spectra in a magnetic-
field sweep of 10AH,,(T), and(b) approximating the area
by the product[Apr(T)]thp(T). Both methods gave re-
sults proportional to each other in the whole temperature
range. Although the first method provides better accuracy for
absolute values, the second one was preferred at high tem-

Lay Ca ,MNO;. We have extended _the measurements up tQerature because of the reduced signal-to-noise ratio of the
1000 K at theX band and found in all cases significant ESR lines.

deviations from linearity at high temperatures. We show in  Ag in the case of\H ,,(T), the line intensity is modified

Fig. 7 the results obtained farH , ,(T) in Lag ¢/Ca 3dMIN0O;,
Lag 675Ip.3MNOs, Pry 7SI 3MNO;, and La gPky 33MNn0;.

by size effects due to magnetic losses and given approxi-
mately by

In all cases, full saturation was not achieved within our tem-
perature limits.
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X-band AH,(T) for LageAg3MnO; and
Pry.6:515 3MNnO; (insed. Solid symbols correspond to single crys-
tals. For Lg ¢Ca 3MNnO;, L-band (¢) andQ-band @) data are
also shown. Dotted lines: E@4.5) using theAH,(») values of

Table | and the measureg,. for each compound.

| = 7XeswQL(1+b) Y2 (3.2

When the conditiob<<1 is not fulfilled,l (T) is not linear in

the sample mass. As already discussed for the case of line-
width determination, corrections based on E8.2) are of
limited validity. We have avoided this problem by using
small samples. In addition to the variations due to the sample
size, I(T) is modified by changes o, as a function of
temperature. These changes were partially caused by the ex-
perimental setup and we could not separate the possible con-
tribution from dielectric losses in the sample arising from
charge tranfer betweeM ions. Thus, in order to obtain
Xxes(T), we have renormalized the measured intensities us-
ing values ofQ, determined at each temperature. In Fig. 8,
Xes(T) is shown and compared withy(T). We found that

the temperature dependence is the same for eth and

Xdc In the whole PM temperature range.

Absolute values foj.s(T) were determined by compari-
son to a reference sample of the “green phase’;BalCuQ,
which follows a CW behavidf with C=8.12 emu K/mole
Gd and®=-23 K. We chose this sample because of the
constant linewidtH' as a function oflf (=1100 G, which is
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mof T T kg®/JI=(42I3)X(1—X)S;(S;+ 1)Sy(S,+ 1)/[ XSy (S,+1)
+H(1-X)Sy(S,+1)], 4.3

wherez is the number of nearest Mn neighbors. To obtain
Eq. (4.3, we have assumed a random site occupation and, in
this case, the average number of Mn(Mn3*) ions sur-
rounding a MA*™ (Mn**) is equal toz times their relative
concentration. Using the measured value$oin Eq. (4.3),

we have derived the values fdrgiven in Table I.

The main assumption of the WMFA model is the statisti-
cal independence of the spins that neglect short-range order.
ol PR R U Y U R S S Improvements on this model require a detailed treatment of
200 300 400 500 600 700 800 900 1000 1100 . . .

the formation of magnetic clustet$ The constant-coupling
approximation(CCA) takes into account the correlation be-

FIG. 8. La ¢Ca MNO; ESR susceptibility V& (+) yae; 0b- tween neighboring spins. We cc_>nS|dgared the magnetic sys-
tained by numerical integration,A) xes(AH,0)%hy,. Small tem as an ensemble of spin pairs with an effective Hamil-
open circles, fq0) "t vsT. tonian

200 -

150 |-

100 |-

(%) (mollemu)

Temperature (K)

H=-2JS;-S+gup(Si+S) - [H+He], (4.9
AvvhereHe is an effective fieldacting on the pajrdetermined
by internal consistency requirements. Fbroo, both ap-

of the same order of magnitude as that of our samples.
careful determination was made forgCa 3dMnO; at two
different temperatures and we obtaineges(450 K) roximations predict the same result. However, Tasip-
=0.023(5) emu/mole andyes(530 K)=0.012(3) emu/ proaches the grdering temperature, short-range ordergppears
mole. These values are in excellent agr'et.a.ment with the valy the CCA and the “effective field per neighbor” increases
ues measured for the dc susceptibilityq.(450 K)  |ess and less rapidly as compared to the WMFA. As a con-
=0.024(3) emu/mole angty(530 K)=0.0152). sequence, long-range order is achieved at a temperdture
<0, and the calculated susceptibility presents the positive
IV. DISCUSSION gurvature found experimentally fo(gcl(T), as seen in Fig.
The FM interaction between Mn ions present in CMR The T dependence calculated in the CCA & 3/2 and
perovskites is commonly ascribed to the double exchang&=2 differ by less than 2%, when normalizedTg. Thus,
interaction proposed by Zen&t A simplified model for this  their average was used to fit the experimental data for
interactiot®!’ indicates that the hopping of electrons be- Lag ¢St 3gMnO;. As observed in Fig. 2, the agreement is
tween Mn ions connects them, forming high spin magneticexcellent and the measured values for the ra&tio® in all
clusters that include the itinerant electron. The effective FMsamples, shown in Table I, are close to the calculated value
coupling of the Mn ions resulting from this model gives rise T./® =0.78. The progressive clustering of the Mn ions, me-
to a magnetic susceptibility that may be described by an diated by the hopping of the electron introduced by doping is
isotropic Heisenberg-like interaction between ¥Ma-Mn** consequently described by the CCA.
pairs. The ESR experiment probes the dynamics of the magnetic
system. The coincidence 0f.s(T) with x4o(T) in the
o S whole PM range studied clearly indicates that all the Mn ions
H=-2J2, S-S+ g,uBZ (S;+S)-H, (4.) contribute to the observed ESR spectra. Thus, the ESR line-
(L b width should be related to the relaxation mechanism of the
coupled magnetic system. An exchange mechanism with
bottlenecked spin relaxation between Mrand Mr#* mag-
netic subsysten8was proposed in Ref. 4 to describe fhie
dependence akH,(T). This model assigns the ESR line to
Mn** ions and predicts a FM Curie-Weiss-like behavior for
; ) the integrated intensity arising from the FM coupling of the
has Shqu that in thfl case of a system of two different 1o s hsystems. However, it failed to reproduce correctly
magnetic species, the,¢ (T) curve vsT is a hyperbola that, e measured intensities in the whole temperature range. The
at high temperatures, presents a CW asymptotic behavigfeviations from the predicted behavior were attributed to a
with possible breakdown of the bottleneck regime at high tem-
peratures. The crossover to a nonbottlenecked state was cor-
C=NAg2,u§[xSl(Sl+ 1)+ (1—-x)S,(S,+1)]/3Kg, related with the tendency to saturation &H,(T). Since
(4.2 we have determined that all Mn spins contribute to the ob-
served ESR line, and not only the ®hions, we must in-
wherex is the relative concentration of M#h ions. Forx clude the contribution to the resonance of the *Mrsub-
=0.33, the calculated value = 2.64 emu K/mol, which is  system. Hubéf has studied the problem of the resonance of
close to the experimental results listed in Table I. two strongly coupled magnetic species and, in this case, a
In the same limit, a CW temperature may be defined bysingle ESR line should be observed in coincidence with our
the expression experiments.

whereS,; andS, identify the spin of MA™ and Mr** spe-
cies, respectively, witl;=3 andS,=2; H is the external
magnetic field, andi, j) runs over all possible Mt —Mn**
pairs.

In the Weiss mean-field approximatidhVMFA), Neel
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' ' lattice relaxation mechanisms proposed by Huber and
Seehr4’ for other insulating FM compounds. The universal
behavior in a magnetic temperature scale also allows us to
discard a possible influence of the higherystallographic
transitions such as those repofted  for

Lag ACay _pSr,)0.gMN0O;3, since the transition temperature
decreases rapidly with while T, increases.

The limiting valueAH () in Eq. (4.5 corresponds to
spin-only interactions, as discussed by Huber in Ref. 20. We
found AH,(2)=2600(200) G for the perovskites with
=La andAH,(«)=4500 G in the case of PgSI 3gMnO;,
where the nearest neighbors of the Mn ions are nonresonant

T/T, magnetic species (Pt). If the only anisotropic contribution
were the dipole-dipole interaction, exchange-narrowed lines

FIG. 9. AH(T/T)/AH (=) vs T/Tc showing a universal  of only a few G would be expecteéd,using theJ values of
behavior for the perovskite&y s, 3dMNO;: () A=La, A’=Ca;  Table I. Therefore, other broadening mechanfmsust be
(O) A=La, A'=Sr; (A) A=Pr,A’=Sr. considered in order to explain our results, probably associ-
ated with anisotropic exchange interactions.

AH_ (TH/AH_ (=)

In treating the problem of th& dependence oAH, of

magnetic compounds in the PM region, Dormann and V. CONCLUSIONS

Jaccarin®® have argued, following HubeP$approach, that

the main variation is given by the expression We have measured in detail the temperature dependence

of the dc susceptibility and the ESR line parameters in a

AHpp(T) [ xs(T) xesd T)JAH pp(22), (45  wide temperature range for perovskite compounds

where x4(T)=C/T is the single-ion susceptibility and A1 AMNO; (A=La,Pr andA’=Ca,Sr,Pb) of different

Yoo T) corresponds to the paramagnetic behavior of thé!igin- The static magnetic susceptibilityy:(T) is well de-

coupled system. A similar result was obtained by KotzlerSCTibed in the constant-coupling approximation, a mean-field

and Scheith® from a phenomenological description in terms M0del of the small cluster type. The integrated intensity of

of modified Bloch equations. In order to use E45) for our ~ the ESR spectrum indicates thalt Mn spins contribute to

system, the appropriate mixture of fMhand Mrf* single (N resonance and not only the Mhions or some spin

ions should be considerddee Eq(4.2)] for x(T). Accord-  Clusters. A divergent behavior fofes(T) nearTc, in coin-

ingly, values for the total Mn static susceptibilityyc(T), cidence withy.(T), reflects the importance of the FM cou-

) ) .
measured on the same samples, were used to draw the cdifind between MA™ and Mrf* ions. The temperature de-
tinuous lines in Fig. 7. In the case of RSt :MnOs, the pe_ndence of the ESR linewidth may be_descnbgd by a
PR+ contribution was previously subtracted. We found. in universal curve, whose temperature scale is associated with
this way, an excellent agreement between the predictions ofc- 1ne behavior abové is determined solely by the tem-
Eq. (4.5 and the experimentahH,(T) for all the CMR perature dependence of.s(T). The infinite temperature

perovskites measured. This includes, not only the quasilinedf?®Width is kept as an adjustable parameter that is related to

behavior nearT,, but also the tendency to saturation at spin-only interactions. We have found no evidence of a spin-

higher temperatures. A universildependence for the ESR Phonon contribution to the experimental linewidth.
linewidth in aT scale normalized té (t=T/T,.) was found
for AH,p(t)/AH (), as illustrated in Fig. 9, where a com-
parison is made with the functio@/[tx(t)], calculated in We like to thank D. L. Huber for helpful comments and
the CCA. The normalizing parametérH () is given in  private communications. We acknowledge partial support of
Table 1l. Thus, we conclude that thE dependence arises EEC (Commission DGXII, Contract No. GCI1C792-0087
solely from the variation ofy(T) in the prefactor of Eq. CONICET-Argentina(LANAIS # 34 - Condensed Matter
(4.5. Therefore, we found no need for the inclusion of anyand PIP 494Y, Project Ref: PB94-1528 DGICYT, Ministerio
extra T-dependent term in Eq(4.5. This result makes de Educacin y Ciencia(Spain, and NSF-DMR-9705155
doubtful previous interpretatiohbased on one-phonon spin- and 9400439.
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