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ESR and magnetization in Jahn-Teller-distorted LaMnQO;, 5: Correlation with crystal structure
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We present magnetic susceptibility, x-ray-diffraction, and electron-spin-resori&s® studies in the
series of nonstoichiometric compounds LaMn®, for 0< §=<0.07. The measurements were performed in the
paramagnetic regime, especially near the temperalyfefor the Jahn-Teller transition observed in these
samples. We observed important anomalies in hqiiT) and ESR linewidtlAH,,(T) nearT,r, which was
found dependent od. We explain these observations considering the crucial role of the lattice distortions
which strongly affect the magnetic interactions. For the ESR spectra we assume a spin Hamiltonian including
single-ion crystal-field interaction as well as isotropic and Dzyaloshinskii-Mgifé) antisymmetric spin-
spin exchange. We found that the Curie-Weiss temperature and thd higtit- of the ESR linewidth, which
are usually constant parameters, are in this case temperature dependent. We have been able to reproduce the
behavior ofyyd(6,T) andAH,(5,T), including the anomalies at Ty, with a simple model where the
dependence of the exchange constants and of the crystal-field interaction are proportional to the orthorhombic
strain. By contrast, the DM coefficient is constant for @nd T and would depend only on the tilting of the
MnQOg octahedra which is approximately the same for all the samples studied. A structural and magnetic
phase-diagrant versussé is also discussedS0163-1829)00738-9

[. INTRODUCTION andc crystal axes. This orbital ordering is essential for the
A-type antiferromagnetism observed in neutron scattering
Lanthanum based mixed-valent manganites have receivegkperiments**?> When LaMnQ is heated to T,y
considerable attention in recent years due to their colossar 700—750K in Ar, the JT distortion disappears and the
magnetoresistand€MR). The parent compound, LaMaQO crystal symmetry becomes pseudocubithis is actually a

is an insulating material that orders antiferromagnetiéglly Pnmastructure(O phasg, that preserves the tilting of al-
(AFM) at Ty=140K. Electron holes may be introduced by most undistorted oxygen octahedrBoth phases have been

doping with divalent ions, such as &a SP*, or B&". found to coexist in a wide temperature range arodne
Then. some of the Mt i,ons convert to Mf"ﬁ and the giving rise to a hysteretic behavidrin the dc susceptibility

double exchange mechanism becomes opefagjivéng rise ~ Xdc- Al TRZlOlOeK%a transition to a rhombohedr&3c
to ferromagnetic(FM) interactions between the Mn ions, StUCture is observed. .
providing a metallic character to the material, and eventually In the case of LaMng) 5 the system evolves, a8 in-
CMR. On the other hand, LaMngxhibits a wide range of creases, from thé-type antiferromagnetism observed fér

oxidative nonstoichiometfyreflected in the general formula =0 towards a ferromagnetic state, as indicated by magnetic

. measurements and neutron-scattering experinfeintrder
LaMnO;s, 5. The excess oxygen ions cannot be accommo;

ot o ) to understand this process it is important to correlate the
da_ted n mterstmal_ sites of th_e perovskite structure and th agnetic behavior with the structural changes that occur in
oxidation process is accomplished through the formation o

. ' 5 ) . he oxygenated compounds. In this paper, we present a de-
cation vacanciegboth of La and Mi.> Changes ihmodify  4jjed study of the magnetic and crystalline properties as a

the ratio M¥*/Mn*" and, as in the case of La,AMMNOs, @ function of temperature in a series of LaMaQ samples
FM metallic state can be achievédr which CMR has also  prepared with carefully controlled oxygen content. The be-
been reported. havior in the paramagnetitPM) regime has been studied
LaMnO; crystallizes in the perovskite structure and itswith particular emphasis in the neighborhood of the crystal-
magnetic properties are strongly dependent on the lattice disegraphic transitions, especially near the JT transition. We
tortions which affect the magnetocrystalline anisotropy, agollowed the evolution of the JT distortion as a functionTof
well as the isotropic and anisotropic exchange interactidns. for samples with different degrees of oxidation using x-ray-
At room temperature, the unit cell of LaMR@ orthorhom-  diffraction techniques and compared the behavior observed
bic, with a Pnmaspace group. In this case, the symmetrywith the results of dc-magnetization measurements. In order
has been reduced from the ideal cubic perovskite by a tiltingo investigate the effects of the structural changes on the
of the MnQ; octahedra. Superimposed to this distortion arelaxation mechanisms active in differeffit regions, the
pronounced cooperative Jahn TellgiT) deformation is  electron-spin-resonancESR spectra versu§ was mea-
present'® (O’ phasg. The JT distortion removes the degen- sured to probe the spin dynamics. We will show that ESR
eracy of the localizeay electrons at the Mn sites and the and . results in the PM state can be explained in terms of
occupiedey 4 orbitals are oriented alternately along the a spin Hamiltonian, which includes crystal-field and ex-
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TABLE |. Final firing conditions adopted for different oxygen T T T T T T
compositions. 58 LaMnO
» : 2 .- 3.00
Oxygen composition (3 J) P(O,) in atm a e ., oy
3.00 1.0¢10°5 g 56l .
3.03 8.0¢10°3 g e S LR R L LI
3.04 1.7 10°2 2 sst oo
3.05 4.4¢10°2 = oo a T
3.07 1.9<10°! ©osal
change interactions, and whose coefficients are directly de- S8f
pendent on the strength of the orthorhombic strain. ) s LaMnO 5
Z 591 3.03
Il. EXPERIMENT g e,
. . . E 61 T
A. Sample preparation and experimental techniques Gl 747HH;5!—
= — e
Ceramic polycrystalline samples of LaMgQvere pre- =°' 33T I i
pared by the nitrate method from high-purity oxides, as de- &
scribed in Ref. 13. Samples of LaMgQ; with different oxy- S4r . . . . . .
gen content (& 6<0.07) were obtained through a final heat
treatment at 1000 °C in an appropriate oxygen/argon atmo- 581
sphere with carefully controlled partial oxygen pressure, = LaMnO
p(O,), followed by quenching to liquid-nitrogen tempera- - 5T 3.05
ture. In Table | we give the preparation conditions of our &
samples. Thermograw_metrlc analysis up to 6.00°C ur_1d(_er a g seor . P
vacuum of 50 mTorr did not show any appreciable variation & - S-S
of the oxygen composition, B85, within an experimental 8 55F oo JUREUPNEPSES S e
uncertainty of+0.003. The crystalline structure was studied 3
by powder x-ray diffraction, between 300 and 950 K. For the © sat

studies at high temperature, the sample was spread on a re-
sistively heated platinum ribbon mounted in an Antonn Paar
HTK-10 camera coupled to the diffractometer. In order to T (K)
preserve the oxygen stoichiometry, the measurements were
carried out under a vacuum of 20 mTorr. The diffractograms
were obtaingd with a collection time of 10 s by step of 0.02° 4 squares ta (solid) and 0.70B (open. Arrows indicate tem-
and the lattice parameters at each temperature were detgfs atres for Jahn-Teller transition. Data &+ 0 from Ref. 13 are
mined by the Rietveld method. included for comparison.

The magnetic susceptibility was measured from 100—950
K, using a superconducting quantum interference devicéively. Here, the average tiltp) of MnOg octahedra around
magnetometer below room temperature and a Faraday bake pseudocubi¢111] direction was obtained from the two
ance magnetometer above it. The high-temperature measuredperexchange  angles 6;,=Mn-O(1)-Mn and 6,
ments were made in vacuum and the sample mass was skMn-O(2)-Mn. For §=0 a pronounced cooperative Jahn
multaneously monitored with the magnetometer balanceTeller distortion in theac plane is foundO’ phasg at room
Changes in the sample mass during the experiments wetemperature and, &b increases, the orthorhombic stras,
less than 0.03%, an indication that the molar oxygen content2(a—c)/(a+c), diminishes monotonically, as discussed
remained constant within 0.005. The ESR experiments werg, detail in Ref. 13. Above 725 K, only the pseudoculiic
performed at 9.5 GHz using a Bruker ESP-300 spectrometgfhase was present anh; was taken as the temperature
from 100-770 K. The samples were measured in air and W@hereO andO’ phases are present at 50%. In the tempera-
have checked, using thermogravimetric techniques, #hat ture range of our experiments we did not observe the transi-
does not change within the studied temperature range. yion g the rhombohedr&3c structure®® For 5>0 we have

found a significant reduction of the lattice distortion and a

300 400 500 600 700 800 900

FIG. 1. Temperature dependence of the lattice parameters of
MnGO;, 5 for three different values o circles correspond ta

B. Crystal structure decrease of 57, as shown in Fig. 1. Since coexistence of the
Our LaMnQ;, 5 samples present Rnma orthorhombic O and O’ phases was not detected for the samples With
structure at room temperature for all valuessofn Fig. 1 we ~ =0.03 and 0.05, we define@i;; as the temperature where

show the temperature dependence of the cell parameters fee=0. For §=0.05, theR3c structure was found to coexist
three selected samples, with=0, 0.03, and 0.05. All the with the O phase for an extensive temperature range, be-
samples showed a tilting of the Mg@ctahedra of similar tween 500 and 700 K. For the sample wifl=0.07, the
magnitude. At room temperaturép)=13.8°, 12.0°, 12.8°, orthorhombic strain is close to zero at room temperatare
13.4°, and 11.8° fos=0, 0.03, 0.04, 0.05, and 0.07, respec- =5.5397 A, c=5.5371 A, b/v2=5.5084 A).
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FIG. 2. Inverse of the susceptibilityy;2(T) vs T. Plots for
different § values were displayed for clarity. Arrows indicate
anomalies associated to JT transitions. Datadet0 from Ref. 8
are included for comparison.

C. Magnetic susceptibility

The dc magnetic susceptibility shows two distinct I
regime§ for LaMnQ;, above and belowl ;7. For T>Tyq, 100 b
the susceptibility follows a ferromagnetic Curie-We{§3WV) I l
law, xqo(T)=C/(T-®), with C=3.6(2) emuK/mole and sl (b) i
©®=205(10) K. For T<T;q deviations from linearity in I
chl(T) were observed in agreement with the findings of I S T S S
Jonket* and, belowT~0.8T 7, an almost linear behavior is 10 200 300 400 500 600 700 800 900
recovered but with a strongly reduced CW temperatg@re, Temperature (K)
=75K. For the oxygenated samples witkc@=0.05, simi- ) ) )
lar anomalies were observed at progressively lower tempera- "'C- 3. Curie-Weiss temperatu@(T) vs T for different 5 val-

tures, following the structural transformations reported in theles:(©) 9=0, (0) §=0.03,(¢) 6=0.04,(4) 6=0.05, and(+)

revious section. as can be seen comparing Figs. 1 and §=0.07. Open(solid) symbols correspond to increasifdecreas-
P ! P g FIgs. ing) temperature(a) Experimental data obtained fropgy(4,T).

The Curie constant, as determined abdug., is approxi- " (1) calculated using Eq¥3.3 and (3.4. For simplicity we

mately inde_pe_ndent 0. . o1 . have taken an average value fHiT>T;q).
The deviations from linearity inyy. (T) may be inter-

preted in terms of a Curie-Weiss law where a continuoussignal in the antiferromagnetic phase is due to the presence
variation of ® with T is allowed because of the dependenceof an energy gap\E, in the resonance modes spectrum.
of the exchange parameters wity associated with the Antiferromagnetic resonancdAFMR) experimentS at
changes in the crystal structure. The value®¢T) obtained  much higher frequencie€l00—700 GH} have shown that
for 0<0=<0.07 are shown in Fig. (8. We observe that AE,/kg=25K. For LaMnQ g3, the behavior of the ESR
O(T) is temperature independent in tephase and shows intensity is similar, although with an increased intensity and
only a moderate increase with Large variations in® (T) a small shift of the anomalies towards lower temperatures
are observed aroundl;y, in coincidence with the major (Ty=128K). Instead, for the more oxygenated samples,
changes in the lattice parameters, aBdT) approaches |gggcontinues to increase through the transition temperature
again a constant value at lower temperatures. as shown in the inset of Fig. 4. This behavior indicates the
suppression of the AF gap and is in agreement with the ob-
servation of FM peaks in neutron-scattering experinfefiois
D. ESR spectroscopy 5>0.025.

As in the case of the stoichiometric compofinkde ESR The T dependence of the ESR linewidtAH,,(T), is
spectrum of LaMn@, s consists of a single line with Lorent- shown in Fig. 5 for the PM regime. Near the ordering tem-
zian shape and=1.991), independent of oxygen concen- perature a fast broadening is observed in all cases, associated
tration and temperature in the paramagnetic phase. The ESRith the magnetic transitiot?*’ As T increasesAH,, goes
double integrated intensityg s T), follows the temperature through a minimum value at abouf,,;,=180K. For &
dependence of the dc magnetic susceptibility in the PM re=0.07, AH,(T) increases monotonically abovgy,, in
gime (see Fig. 4. At a given temperaturk-srincreases with  coincidence with the dependence found in the doped CMR
S reflecting the strengthening of the FM interactions in oxy-ferromagnetic manganitésLa, ¢A(Ca, Sr, Pl 3MnO;. For
genated samples. For LaMpQGhelgsrreaches a maximum §<0.05 the behavior is more complex and two temperature
value atT~150K and shows a steep decrease to zero definregions may be identified, above and bel@y;. For T
ing a Neel temperatureTy=137K. The loss of the ESR >T;;, the linewidth is independent of. Instead, forT

0 (K)
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FIG. 4. ESR double integrated intensitgggvs T for §=0. Inset: idem for 0.0301), and 0.05(A).

<Tyr, a strong dependence aH ,, (T) with Jis observed,

with a significant increase that correlates with the JT distor- fw ¥ r - r T - r 11
tion in the O’ phase. W00 0 LaMnO_ _
L ° 343 -
2500 - 8 E
Ill. DISCUSSION . - 000000008 i o |
A. Isotropic exchange interaction and CW temperatures 9 o i %Mgfmw i
<
The magnetic properties of insulating perovskites are & swf AX &&Vo @gos .
mainly controlled by the isotropic superexchange interaC-E [ A 1
tions between localized Mn ions. For the stoichiometric com- Sl S T
pound LaMnQ neutron-diffraction experimerits have 500'_ W (a) ]
shown that in the JT distorte@’ phase,A-type antiferro- | ]
magnetic ordering occurs beloW . This kind of magnetic ol vy
order arises from ferromagnetic interactions within te 100200 300 400 500 600 700 800 900
planes and antiferromagnetic interplane coupling. For the Temperature (K)
isotropic Heisenberg Hamiltonian
3000 |- .
Hox=—22, 3;SS; (3.0
i<j 2500 |-
the constant;;=J,. describes the FM in-plane exchange %) 2000 |-
andJ;; =J,, the interplane AFM coupling. Values fd,. and =
Jp, may be estimated from the measurggland® using the B 10
Weiss mean-field equations: E
1000 -
Tn=(413)S(S+1)(2J,c—Ip) kg (3.2 sl
and
0 1

100 I 200 . 300 400 500 600 . 700 I 800 . 900
0 =(4/3)S(S+1)(2J,c+Jp)/Kg, (3.3 Temperature (K)
whereJ, = I +J37) andJy=J"+ 437 . The superscripts FIG. 5. ESR linewidth vsT for different studied samplegO)

(1) and(2) indicate the coupling between first- and second-s=0, (O) §=0.03, (<) §=0.04, (A) §=0.05, and(+) §=0.07.
nearest neighborsSince the exchange parameters are ex{a) Experimental datalb) Calculated from Egs(3.5) and (3.9).
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pected to vary withT as a consequence of changes in the Apr(T)Z[C/TXdc(T)]Ang, (3.5
crystal structure® will be T dependent.

In the pseudocubi© phase the octahedral symmetry of whereAH:fp is identified with the high-temperature limit of
the Mn-O-Mn bonds indicates thdt.=J,. From the con- the linewidth and may be used as an adjustable parameter to
stant value of ® measured abovel;;, J,./kg=Jp/kg  fit the experimental data. In magnetic insulators with large
=8.5(8) K is obtained in the cas#&=0. ForT close toTy, exchange interactionsAH, is usually described by ex-
where ©(T) is again approximately constant, we derivedchange narrowing models. Here, the linewidth is propor-
from Egs.(3.2) and (3.3): J,c/kg=6.7(4) K andJ,/kg= tional to w}/w,, Wherew, is the frequency associated with
—3.7(8) K. The changes observed between @hend the isotropic exchange and, includes the contributions due to
O’ phases are in qualitative agreement with theoretical estianisotropic interactions. The classical dipolar interaction is
mates based on local spin-density approximafibhThese  commonly the source of linewidth broadening which ac-
calculations predict an isotropic FM valu&,;=J,, in the  counts forw,,, but in the perovskite manganites its contribu-
pseudocubi®© phase. When the lattice presents a JT distortjon to AH‘;jp is only of a few Gaus$® Thus other contribu-
tion, a decrease in the magnitude of both exchange constarigns should be considered, particularly those expected to be
is expected and the calculatidrshow thatJ,. remains FM  sensitive to the structural changes. We include in this work
while J, changes to AFM in the distortéd’ phase. As seen crystal-field(CF) and antisymmetric exchange terms arising
in Fig. 3(a), the largest variations i@ (T), and consequently  from Dzyaloshinskii-Moriya(DM) interactions®
in the estimates of;;(T), are observed arount. In the case of the JT distorted LaMp(Q} a series of oc-

For the oxygenated samples Fig(aB shows that the tahedra elongated alternately along thandc axes(orbital
variation of® (T) belowT; is significantly reduced in com-  ordering constitutes a good descriptirof the lattice below
parison with the case 06=0, reflecting qualitatively the T,.. Then, the crystal-field interaction may be described by

smaller JT distortiongsee Fig. 1 A quantitative relation can  an effective spin HamiltoniafS= 2 for Mn®* ions),
be established assuming that the dependendg aih 6 and

its variation withT are both proportional to the JT distortion N/2 N/2
through the orthorhombic strain paramesés, T). Assign- Hee=—D2, S—D> S). (3.6)
ing the valueJ®=J;;(6=0;T>T;1) to the pseudocubic lat- =1 =1

tice (s=0) and the valuel] =J;;(6=0;T=Ty) t0 Sy  wherei and] represent alternate sites in thecj planes. For
=0.029 extrapolated tdy for our sample of6=0, we as-  the quasicubic local environment of Mn ions found for the
sume: high-temperature€d phasé no crystal-field contribution is
0 o -0 expected in this second-order Hamiltonian.
Jij(8,T)=3"+(Jjj —I7)s(4,T)/so. (3.4 Antisymmetric contributions to the superexchange inter-
Using this equation and the measured orthorhombic straingction between Mn ions are allowed when the oxygen ions
s(8,T) we have calculate®d (T) for =0, 0.03, and 0.05, that mediate the interaction occupy crystal sites without in-
shown in Fig. 8b). A comparison with the experimental re- version symmetry. The tilting of the oxygen octahedra found
sults of Fig. 3a) shows an excellent agreement. With thein most perovskites shifts the oxygen ions away from the
values calculated in this way fdk;(8,T), we have also cal- (100 axes, giving rise to a DM coupling between the Mn
culated the Ordering temperature for LaMpg using Eq. ions. The JT distortions within thEH(:) planes may result in
(3.2, and obtained = 129K, in coincidence with the ESR additional contributions to the DM interaction in th@’
result shown in the inset of Fig. 4. F@=0.05, Eq.(3.4  Phas€:" The Hamiltonian for this interaction is
predicts that botld ;. andJ,, are positive. Then the interplane o
order should dissapear and the materials become FM. This Hom=Dj(SX S). 3.7
behavior is in agreement with neutron scattering re%attsl
the observed dependencelekyT). In these cases the ex-  The ESR linewidth is given, in the high-temperature ap-
pected mean-field FM ordering temperatureTis=®. For  proximation, by
LaMnQ; o5 the calculated ordering temperature increases to
195 K. y , AH = (2WV3)(hIgue) (LT,) = (V2m/3Ig ue) (M3FME?),
For 6=0.07 we observed a positive curvatisee Fig. 2

Y . (3.9
for xq4c (T) versusT in the whole temperature range, char-
acteristic of the ferromagnetic CMR manganites. This behavwhereM, andM, are the second and fourth moments of the
ior is due to short-range order and has been described igPectral distribution, respectively. As described in Ref. 21 a
terms of the constant coupling approximation in Ref. 16.general expression fakH,, valid for all the studied com-
Because of it, an apparent reduction ®fT) is observed pounds well abovd, is
near the magnetic transition temperature with a negative cur-
vature of®(T) vs T, deviating from the mean-field behavior . (V2m13)(2.8D%+21.3D?)%7?
implicit in Fig. 3(b). Similar effects are observed in Figa3 AH = Ors(80BD%(3%) + 825D %((3%))) 72 (3.9
for all values of§ below ~250 K.

where (J2)=(2J2.+J2)/3 and ((J%))=(31Q3.+ 1142

+40J,.J,)/464. This expression includes two adjustable pa-
As discussed in Ref. 16 the temperature dependence ofimeters for the anisotropic interactions, which are inti-

the ESR linewidth can be expressed by mately related to the local environment of the Mn ions and

B. Anisotropic interactions and ESR linewidths
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FIG. 6. Evaluation of thd dependence akH , from Eq.(3.9) ) o
as explained in the text. The calculation were performedstei0 FIG. 7. Phase diagram vs oxygen content ¢) indicates the
(O), 0.03(0), and 0.05(A). PnmaR3c transition temperaturdr. Circles indicate the Jahn

Teller transition temperatureT;r as determined from x-ray-

should reflect the changes associated with the JT distortior?.'ﬁrac.t'on ?O).’ ESR(S). and dc S.”scept'.b'“tm) .dat.a' The ver-
Thus bothD and D are expected to be temperature depen-“cal lines indicate a two-phase field. Triangles indicate CW tem-

. - peratures,®: (A) and (V) correspond toO and O’ phases,
dent and so if\H ;.

| . respectively. () indicates the magnetic transition temperatiige
From the experimental values fAH ,,(T), and using the o T_. we have included neutron-diffraction daff; for 6=0

measuredyqc(T) to calculate the prefactor in E3.5, we  from Ref. 9 andTy  for §=0, 0.025, and 0.07 from Ref. I for
have determined\H at different temperatures. For the 5=0 determined by DTA in Ref. 9 is also shown. For clarity we
pseudocubid® phase we obtained a constant valul::‘t-,lgp have displayed our data within the experimental uncertainty for the
=2415G, independent of. AssumingD=0 in Eq. (3.9  oxygen content.
and ((J?))¥2=73°, as derived from®(T) for T>T,;;, we
found D/kg=0.78 K. In this phase, the DM interaction is Fig. 1 that the orthorhombic strain decreases simultaneously
related to the tilting of the octahedra that is almost conStantwith T;. Anomalies in theygo(T) andAH,,(T) are clearly
with T, and we have found it to change very little wigh associated with the structural JT transition. The temperatures
In the O’ phase the CF interaction cannot be neglectedwhere these anomalies are observed decreased/ithow-
Moussaet al! have estimate®/kg=1.92 K for LaMnQ, at  ing the T, behavior. On the contrary, we have not observed
1.4 K from neutron-scattering experiments and, since thehanges in the magnetic behavior at the orthorhombic-
magnitude of the crystal-field interaction is directly depen-rhombohedral transition temperatufg. The CW tempera-
dent on the JT distortion, we have assuniedo be propor- ture for theO phase remains almost constant, varying from
tional to the orthorhombic straia(5,T). We used a value ©=205K for §=0 to ®=245K for §=0.07. Instead, the
D(4,T)/kg=1.9Ks(4,T)/0.038 in Eg.(3.9, normalizing values of® derived for the JT distorte®’ phase are much
the CF contribution to the orthorhombic strain measured irsmaller, especially fo6=0. As & increases and the ortho-
Ref. 1. We further assumed that the exchange constants varflombic strain decreases, the CW temperatures for Both
according to Eq(3.4). Under these conditions, we have cal- andO’ phases approaches a common value. For the samples
culated the variation oAHfjp with T, using different values with low oxygen content, the AFM ordering temperatures are
for D in Eq. (3.9). The best fitting to the data was obtained larger than®, reflecting the competition between the FM
for D/kg=0.8 K almost coincident with the value derived for in-plane and the AFM interplane interactions, see E§<)
the O phase. The results of this calculation are given in Fig.and(3.3). For §=0.07 the)(gcl(T) has the characteristic be-
6, that clearly shows the dependencezfsclaﬁ‘jp with T and é. havior of a FM manganite, witfi .= 165 K (see Ref. 2 that
When the (:alculatefiH;,"p is replaced in Eq(3.5), an excel-  is smaller than® due to short-range order, as discussed in
lent agreement with the experimental data fa ,(T) is ~ Ref. 16.
obtained, as seen in Fig. 5. AB remains approximately
constant through the JT transition, we conclude that the main
contribution to the antisymmetric exchange originates in the
tilting of the octahedra, that is essentially the same in lath We have analyzed the correlation between the structural
andO’ phases. and magnetic properties of LaMpQ; for the nonstoichiom-
etry range 6= 6<0.07. We have found a direct dependence
on the magnitude of the JT distortion for the variations with
6 and T of the dc susceptibility and the ESR linewidths.
The results obtained in this work are summarized in theBecause of the important structural changes observed as a
phase diagraniT &) shown in Fig. 7. The JT transition tem- function of T, two usually constant parameters become tem-
perature decreases monotonically &fcreases, not being perature dependent: the CW temperatude,and the line-
observed above room temperature +=0.07. Notice in  width in the high-temperature regian:jp. We have been

IV. SUMMARY

C. Structural and magnetic phase diagram



PRB 60 ESR AND MAGNETIZATION IN JAHN-TELLER-. .. 10 205

able to reproduce the temperature dependencgqgfT), becomes smaller with the increase of the oxygen content, the
including the anomalies at=T,;, with a simple model A type antiferromagnetism associated with the JT orbital or-
where the variations of the exchange constants were assumddring tends to disappear. Simultaneously, the system be-
to be linear in the orthorhombic stra#fs, T). The behavior comes ferromagnetic and both the dc susceptibility and the
of AH;"p was well described within this model including a ESR spt_actra show the characteristic behavior found in CMR
second-order crystal-field Hamiltonian with a parametermanganites.
D(T, ) also proportional ts(5,T). Its absolute magnitude

was normalized to the experimental value determined from
neutron-scattering experimehtor 6=0 and T=1.4K. A

single additional parameter describing the DM interaction, We like to thank S. B. Oseroff for helpful comments and
Dlkg=0.8 K, was necessary to explain the ESR data. Thigritical reading of the manuscript and M. $guez-Mansilla
parameter was found to be essentially the same for both thfer assistance with the Faraday balance experiments. We ac-
O and O’ phases, constant witli, and independent o#. knowledge partial support of EEQCommission DGXII,
Thus we conclude that this interaction is mainly related toContract No. GCI1C792-0087 and CONICET-Argentina

the tilting of the MnQ octahedra, that preserves its magni- (LANAIS 34 and PID 494}. G.A. acknowledges support
tude through the JT transition. Finally, since the JT distortionfrom Ministerio de Educacio-FOMEC (Argenting.
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