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Spin waves in the antiferromagnet perovskite LaMnG,: A neutron-scattering study
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As part of a general work on doped manganese perovskites, we have carried out detailed neutron-scattering
experiments on powder and single crystals of the othorhombic phase of undoped LaMretemperature
dependence of the sublattice magnetization has been determined in the antiferromagnetitzh238.5 K),
and the critical exponent i8=0.28, well below that corresponding to a pure three-dimensional Heisenberg
antiferromagnet. We have measured the dispersion of the spin waves propagating in the highest symmetry
directions solving the problems related to twinning. The whole spin wave spectrum is well accounted for with
a Heisenberg Hamiltonian and a single ion anisotropy term responsible for the easy magnetization direction
axig). This term induces a gap of 2.7 meV at low temperature in the spin wave dispersion curve. An important
result is that the ferromagnetic exchange inte@igd~0.83 meV}, coupling the spins within the ferromagnetic
basal planegab), is larger by a factor 1.4 than the antiferromagnetic exchange intégyal—0.58 me\j
coupling spins belonging to adjacent Mp@lanes along. [S0163-18206)08545-1

[. INTRODUCTION introduced by Zenérand developed by Anderson and
Hasegawaand de Genne¥. The ferromagnetic DE interac-

The discovery of giant magnetoresistance in hole-dopetion dominates the system for low concentration of holes
manganese oxidésof perovskite type,R;_,AMNO; (R  (x<0.3), where the conductivity is strongly enhanced in the
=La, Pr, Nd, ... andA=Ca, Sr, Ba, Pb,..), has aroused ferromagnetic phase. By increasing the hole concentration,
renewed and extended interest in these compounds. It héise Coulomb repulsion between electrons becomes stronger
been known for a long tinfethat the structural and magnetic and the system prefers to reduce their kinetic energy by a
phase diagrams of these doped compounds are very complenew localization process. So new antiferromagnetic insulat-
Though the main qualitative features of these phase diagraniisg phases can appear corresponding to a long range “charge
are well known, extensive experimental work is still neededordering” (Wigner crystallizatioh proces&*!*?resulting in
for a fine characterization. According to the scheme given byan ordered array of M and Mrf* ions. The interplay of
Torranceet al.? the parent compound LaMn@s in the limit  structural, transport, and magnetic properties on these highly
of the Mott-Hubbard and charge transfer insulat@eme  correlated electron systems is extremely interesting and de-
recent electronic structure calculations indicate that LalyinOserves a deep and detailed study.
belongs to the latter categdjy Using the ionic limit as a Until now, no detailed work has been published concern-
first approximation, the electron configuration of #nions  ing the experimental determination of the exchange integral
is tggeé, so that the three electrons in thg orbitals are in LaMnO;. It seems worthwhile, before undertaking the
localized, contributing to a total spin 3/2. The electron in thestudy of hole-doped perovskites, to fully determine the mi-
egZ atomic orbitals is actually strongly hybridized with a  croscopic magnetic properties of the undoped compound as a
O“ p orbital of a neighboring anion. This electron can be-starting point of the series.
come itinerant when holggmptye, orbitalg are present. In Neutron scattering is a well suited tool to study static and
pure LaMnQ, the Hund rule and the orbital ordering due to dynamic magnetic properties of these materials. Since the
the cooperative Jahn-Teller effect, induce loBat2 spins, pioneering work of Wollan and Koelheon (La,CaMnO,
ferromagnetically coupled in the basal plane and antiferroonly few neutron powder diffraction measurements were un-
magnetically coupled in the direction perpendicular to thisdertaken on similar systerisbefore the giant magnetoresis-
plane>® The strong distortion of the MnQoctahedra is the tance discovery. Inelastic scattering experiments on single
signature of the cooperative Jahn-Teller effect acting in thirystals of Ng Pk, MnO; were performed by Clausen
compound. On doping the pure system with alkaline earthet al'® Very recently inelastic neutron scattering measure-
elementg0.1=x=<0.33, holes appear in the, band and for ments on Sr-doped compounds have been annouficed.
some value of the hole concentration an insulator-to-metal In this article we present a complete study of magnetic
transition occurs at certain temperatures generally associatedder and magnetic excitations in undoped orthorhombic
with the ferromagnetic Curie temperature. Actually the anti-LaMnO;. After solving the difficulties encountered by the
ferromagnetic phase is progressively destroyed by the ferrdact that our single crystal was twinned, we have determined
magnetic coupling induced by the hopping of theelectron  the spin wave dispersion curves along the main high symme-
from a Mrt* ion in the corresponding hole of a neighboring try directions. A coherent interpretation of all the experimen-
Mn**. This double exchang@E) coupling mechanism was tal results can be obtained by using a three-dimensional
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TABLE I. Crystallographic and magnetic parameters of LaMmBtained by Rietveld refinement at the
diffractometer G4.2 using neutrons ®£2.59 A atT=1.4 K. The space group Bbnm The numbering of
Mn atoms in the unit cell is Mn11/2,0,0, Mn2 (1/2,0,1/2, Mn3 (0,1/2,1/3, and Mn4(0,1/2,0. The basis
function describing the magnetic structure G,[,A, ,F,]~[0,A,,0], corresponding to the irreducible repre-
sentationl’s4(——) of Pbnmfor k=0 (Ref. 19. The magnetic moments of the four Mn atoms follow the
sequenceA, (+——+). So constituting ferromagneti@,b) planes of magnetic moments aligned aldng
coupled antiferromagnetically alorg

Atom&Wyckoff site X y X
La (4c) —0.00955) 0.0513 (7) 1/4
Mn (4b) 1/2 0 0
w (Mn) (ug)? 0 387 (3 0
O(1) (4c) 0.077717) 0.4849380) 1/4
0(2) (8d) 0.72275) 0.3085 (5) 0.04084)

Distances Mn-O in the Mn@Qoctahedra:
m (medium Mn-O(1)=1.9661)
s (shor) Mn-0(2)=1.9143)
I (long) Mn-0(2)=2.1813)

Cell parameter§T=1.4 K): a=5.53332) A, b=5.74612) A, ¢=7.66374) A
Reliability factors(%): Rp=9.58, Ryp=10.1, Rjcea—4-84, Rmagneic4-12
X°=2.82

®ux and uy, have been fixed to zero in the refinement.

Heisenberg model with a single ion anisotropy. Two ex-temperature controllefmade by “BARRAS,” Francg and
change parameters suffice to explain all the observed spithe stability was better that0.02 K in the whole tempera-
waves dispersion relations:J; couples ferromagnetically ture range.

nearest neighbors M ions in the basal plan@,b), andJ, Single crystal neutron scattering experiments were carried
couples antiferromagnetically nearest neighbors*Mions ~ out on triple axis spectrometers at LLB. Elastic scattering
alongc. was measured on the triple axis G4.3 installed in the neutron

guide hall. This guide looks at a cold neutron source spe-
cially suited to study the thermal behavior of the magnetic
Il. EXPERIMENT order parametefMOP) from magnetic Bragg reflections.
A single crystal of LaMnQ of about 1 crid with 0.6° Neutrons of incident wave vector of 2.662 A(\=2.36 A)

mosaic spread, was grown by a floating method associateyfere used together with a graphite filter to eliminate higher

; ; 16 “ : L order contamination, and a flat graphite analyzenq Aeso-
with an image furnacé!®at the “Laboratoire de Chimie des lution of 0.028 A L (FWHM) is obtained through a longitu-

Sc>|[|c(jje? tm Orstgy. Tfhet s_,tar\]r_tmg tppwder W?S prqe)pare((j:i bydinal scan across th@01) antiferromagnetic Bragg reflec-
solid-state reaction of stoichiometric ar;noun s obQaan tion. In this “elastic” configuration the frequency resolution
MnOZ.’ L8,0; being fired in ar at 900_ C before use. The o spectrometer is 0.2 THEWHM, 0.83 meV), ensuring
resulting powder was pressed into cylindres under a hydroy compjete frequency integration of the dynamic fluctuations

static pressure of 2 kbar and sintered in air at 1150 °C. Theyeq T, . This allows a good separation of short range order
were used as feed and support rods, respectively, in the flogdy relations from long range order ones.

ing zone experiments carried out at a growth rate of 1 cm per |nelastic neutron scattering experiments were performed
hour. The procedure used for synthesizing the crystal propn the thermal triple axis spectrometer 1 T, equipped with
duced nearly stoichiometric LaMnQwith no presence of vertically focusing monochromator and horizontally focusing
Mn** ion as indicated by NMR measurements. analyzer. For low temperature experiments, we performed

Neutron powder diffraction was performed on samplespositive energy transfer scans at constant scattered neutron
obtained by crushing single crystal aggregates obtained iwave vectorke=2.662 A%, using a graphite filter before
the same conditions as the single crystal used in this studgnalyzer.  Typical  collimation  conditions  were
The diffractometers 3T2, G4.2, and G4.1, at the reactor Or25'-30'-50'-50". Magnons were measured in different mag-
phee of the Laboratoire Len Brillouin, were used to charac- netic and nonmagnetic Brillouin zone®01), (111), (221),
terize the powder samples. The powders were of an ex002), (003, (331),..., and along the main symmetry direc-
tremely good quality and structural and magnetic data will betions. The indexing is given with respect to tRénmortho-
published separately. Here we give in Table | the relevanfhombic setting according to crystallographic data gathered
structural and magnetic data obtained at 1.5 K on the diffracin Table 1. The magnetic structure is schematically repre-
tometer G4.2. sented in Fig. 1.

The single crystal used in this study was actually twinned
(see below. The sample was mounted on an aluminium
block in a double stage helium closed cycle cryogenerator. Twinning in perovskites is a very common phenomenon.
The regulation of the temperature was driven by a digitalThe occurrence of a domaior even a microdomajrstruc-

Ill. DOMAIN STRUCTURE OF THE CRYSTAL
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FIG. 2. Reciprocal space construction showing the superposition
R of threeF domains(see text Bragg indices with+ symbol refer to
c¥ the domain labelled lindices for domains 2 and 3 are not indi-
cated. Actually the quadrant of the scattering plane selected for this
D p study contains the axi110]; and the axis[001]7 instead of
S/ [001]% , but for simplicity reasons the sign has been systemati-
/ ~ cally omitted.[110]7 ; means that this direction belongs to both
7 domain 1 and domain 3. Note that the Bragg pdihi,2, is very
y S close to thg2,0,05 one.A represents one pecular path where spec-
// b tra have been measurddee Fig. 4 crossing(001) point A and
/// (11D point C belonging to domain flactually(001) and(111)]. @
y o is a zone boundary point B of domain 1 on the path
z take into account the lattice distortions, slight misorienta-

(b)

o)

tions can occur giving rise to additional tilted domains. We
FlG. 1 Refined der diffracti o call these domaing domains. Moreover, the mirror planes
- 1. (a) Refined powder diffraction patter at 1.4 K. Open 1104 of the cubic aristotype containing the orthorhombic

circles represent_ the observed pattern; cont!nuous lines represe )t(is generate twins wheeeandb axes are interchanged. The
calculated and differencéobs-cal¢ patterns. Tick markers corre-

spond to the position of the allowed Bragg reflections. The secon%wlgstggnberaatﬁdagyISU_C;t';l[rlor plim'”;g aretﬁoh_etrjnt \a}\r/]d mis-
row are the magnetic reflectiofgdices are explicitly givenal- ren y gle= = (r)—ml2, with r=bl/a. We

lowed by the[0,A, 0] mode.(b) Scheme of the magnetic structure call these domainM domains. Similar tdM domains there

. ok * . ; :
of LaMnO;. Only manganese ions are represented with magneti@r_e alsoF _domams_w'tha andb* along a S'n,gle Q'reCtion
moments alondp. The (001 planes constitute ferromagnetic layers without misorientation. In such a case the directi¢hs0

coupled antiferromagnetically alorg of the two domains form an angl€ =cos {2r/(1+r?)}.

In our experiment we have aligned the crystal in such a
ture in perovskites is due to the fact that at high temperaturevay that reflectiong220 and {004 are in the horizontal

the aristotype cubicPm3m structure is the most stable plane. Along the direction& 10, we also found reflections
phase. On cooling, a series of phase transitions may occaf type {004 indicating the presence df domains. The
due to steric and/or electronic effects. The lower symmetryeflections found in the scattering plane lead us to construct
of these phases generates domains related by symmetry dpe reciprocal lattices corresponding to the interpenetrating
erators lost through the transition. The particular pattern obdomains existing in our crystal. A simplified reciprocal space
tained in a crystal may depend on temperature gradients arstheme showing the main directions accessible in the scat-
mechanical stresses during the thermal history. The obteriering plane for the different domains is depicted in Fig. 2. In
tion of a single domain crystal is often impossible even bythe present case only three differéhtdomains coexist.
applying external fields favouring the development of a par- The obvious consequence of this situation is that a given
ticular domain. In perovkites ofPbnm structure (cell  path in the scattering plane actually corresponds to three
a.v2Xagv2X2a.) up to six orientational domains can exist paths of distinct symmetry, so that three dispersion curves
(the index ofmmmin m3m is 6). The orthorhombic axis  can be simultaneously measured. This number is reduced to
can be oriented along th@00 directions of the high tem- two when symmetry relations between the domains cause a
perature cubic cell. These are domains related by fourfoldlegeneracy. An example of this situation is given in Figs. 2
symmetry axes lost in the orthorhombic phase. This type ofind 3. Along the path in the scattering plané-ig. 2) three
domain produces regions of the multidomain sample wherelispersion curves have been measured and are represented on
orthorhombic(110 directions are paralldif we neglect lat-  Fig. 3. The curvgl) is the spin wave dispersion along the
tice distortion3 to orthorhombig001) in other regions. If we [110]* direction of domain 1. It exhibits a gap at the zone
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o a -] sion curves shown in Fig. 2, and _obtained at the five
o Q=(gy,dk.01) Vvalues. (O): Q={1,1,05 (+) Q={1.1,
11, D) (@): Q={1.2,12,} (X): Q={13,13, % (A): Q
FIG. 3. Spin wave dispersion curves obtained simultaneously={1.4, 1.4, 1; (¢): Q={1.5, 1.5, 1. For clarity, the origin of the
when scanning along the path of the reciprocal space depicted in intensity of each spectrurfcontinuous horizontal linehas been
Fig. 2. Each one is attached to a domain, numbéted2), or (3), shifted by a constant valugl75. The continuous curves through
referring to the three domains of Fig. 2. the data points correspond to calculated profitesexplained in the
text). The three ridgegdotted line$ represent the dispersion curves
of Fig. 3.
center{001 point A on Fig. 2 and a maximum frequency at
the zone boundargpointB on Fig. 2. This curve is perfectly
symmetric with respect to poirB. The dipersion curvg2)  ture range, only the magnitude of the MOP changes. The
corresponds to domain 2 with {f01]* direction parallel to  thermal evolution of the MOP and its fluctuations were de-
the pathABC but with g, =0, =0.5. For this domain, the duced from[0,0,1+/]* elastic scans through the antiferro-
ABC path lies along a zone boundary. The dispersion curvénagnetic Bragg reflectioi001). At each temperature the
(3) Corresponds to Spin waves propaga’[ing in domain 3i_ntensity profile of the scan is fitted with the sum of two
Point A is at the zone boundary in [A10]* direction and Ccomponentgone is a Gaussian and the other is a Lorenjzian
point B is at the zone boundary in th@00]* direction. Ex-  convoluted with the resolution function of the spectrometer.
ample of spectra of spin waves propagating in fh&0[* The Gaussian component has a constant width independent
direction of domain 1 which have allowed the constructionof temperature. The FWHM is smal0.012 A™%) compared
of F|g 3 are shown in F|g 4. One can C|ear|y see thredo the resolution of the spectrometer. This Gaussian compo-
magnons, sometimes reduced to two because of high synffent is connected to the long range order parameter and its
metry points. The three ridges represent the three dispersidAtensity is proportional to the square of the MOP. On the
curves of Fig. 3. Alond001]* and[110]* axes, only two Other hand, the Lorentzian componéifiit exists) represents
spin wave branches have been measured due to symmeg#ort range order correlations. Although the nuclear Bragg
relation as shown in Fig. 2. There is a small shift in the spinreflection (001 is forbidden in the space groupbnm a
wave gap measured in domains 2 or 3 with respect to thaimall intensity persists at temperatures much higher than
measured in domain 1, which is fully explained by the slightThis can be due to either multiple scattering or second order
misorientation of those domains 2 or 3 with respect to do-contamination despite the presence of a graphite filter. So the
main 1. square of the MOP was evaluated using the difference be-
The whole experimental results collected for the three dotween the intensities of the Gaussian at a given temperature
mains are coherently interpreted within the experimental erand the corresponding intensity at high temperature. This

ror by using the same set of anisotropy term and exchang@ifference was normalized by dividing it by the magnetic
parameters. intensity measured at 14 Khe lowest temperature of the

study. So w?(T)=[1(001)—1(001),41]/1(001), . The
result is plotted on Fig. 5. T was determined using differ-
ent proceduresty was taker(i) as the inflexion point in the
This study was undertaken in order to determine the charplot of the raw magnetic intensity vs temperatuiig, as the
acteristics of the antiferromagnetic transition of LaMnO point where the diffuse scatteriforentzian componejis
the transition temperaturgy and the critical exponeng of  maximum, andjii) as the temperature from which the inten-
the sublattice magnetization which corresponds to the magsity of the Gaussian remains constant for increasing tempera-
netic order parametdMOP). There is no spin reorientation ture. The average value of these temperatures is
below Ty. Thus the magnetic structur@s described in Ty=139.5-0.3 K. This agrees with the published valfes.
Table | and Fig. 1is strictly the same in the whole tempera- Then the fit of the slope of the §p(T)} versus If[(T

IV. MAGNETIC ORDER PARAMETER
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FIG. 5. Magnetic order parameter as a function of temperature. ot
In the inset is shown the fit used to determine the critical exponent. X
1.5 ¢ T T T
—Tn)/Ty|} plot between 120 K and just beloWy, gives a ¥ :
critical exponent3=0.28 for Ty=139.5 K kept fixed in the o1
fit. If Ty is changed by-0.3 K, 8 changes byt0.01. Thisg §
value is smaller than the theoretical critical exponent of a 2 ; 7220 K !
pure three-dimensional Heisenberg Hamiltonige0.36. 05 J 014 THz 1
This fact has been theoretically explain&dinticipating the b 02_0 04 THz
analysis of the results of spin waves measurements, we dem- . o 1
onstrate that a Heisenberg model plus a rather important L Y- HT R By
single ion anisotropy in the Hamiltonian, fairly accounts for [0oQ]l
the experimental results. It is this anisotropy term which is
responsible for the reduction g8 with respect to the ex- FIG. 6. Fit of the dispersion curves along tf00]*, [110],
pected value of 0.36. Nearly the sargevalue is found in  and[001]* directions providing the set of parametdks J,, andD.
ferromagnetic Sr-doped compourfﬂs. Data points aroun¢D02 have been omitted. The weak intensity of

magnons together with their mixing with those[afLO]* direction
V. SPIN WAVES of F-domain prevented extracting them properly.

Inelastic neutron scattering has allowed the measurements
of the spin waves propagating in LaMpOFigure 6 repre- tude is that of the frequency resolution.
sents the dispersion curves of spin waves al¢h@0[*, The following features can be drawn.
[110]*, and[001]* directions obtained with a single orienta- (i) A spin wave gap of 2.7 meV is observed which can be
tion of the crystalbecause of the twinning, see Sec).IfThe  explained by a single ion anisotropy term in the Hamiltonian.
magnetic origin of these modes was checked by varying théccording to the magnetic structure determination, spins are
temperature. The lower frequency modes become rapidlgssentially aligned alorg. So we have to include in the total
overdamped abovd&, while the higher frequency modes Hamiltonian a single ion anisotropy term—D3;S? (z
persist well aboveTy. They cannot be confused with axis being alond).
phonons because of a general smearing out of their intensity (i) The parameters of the unit cell are close to
with increasing temperature. The dispersion curves hava.v2xa.v2Xx2a., with a, being the pseudocubic subcell,
been established with the following method: each magnon ithe corners of which are close to the true positions of the
considered as an underdamped harmonic oscillator. This coMn®" ions. So the symmetry of the spin wave dispersion
responds to a theoretical neutron cross section which is corcurves alongc displays quite well the antiferromagnetism
voluted with the triple axis spectrometer resolution function.along that direction. This is in complete agreement with the
The resulting calculated intensity is then compared to thebserved magnetic structure.
measured intensity in a fitting process where the frequency (iii) Along [100]* direction the frequency is maximum at
and the width of the magnon are adjustable parameters. Theg,=1. This agrees with th® bmngroup extinction rule for
quality of this calculation can be appreciated on spectra obdd h-index of (h00) reflections. It means that the spin
Fig. 4, the continuous lines are the calculated profiles. Wavaves are measured in an extended zone scheme and con-
found moderated damping constants, their order of magnifirms the physical prevalence of the small distorted square
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formed by the MA" ions in the basal plan@,b). So, disre- These values aof,, J,, andD were obtained as follows:
garding the distortion, the magnetic unit cell relevant for spinfirst, D andJ, were determined from the fit of the dispersion
waves isa X a.X 2a... curve along001]* direction[Fig. 6(c)] with the expression

(iv) Finally, the maximum frequency is much higher of »(0,0g, ) deduced from relation€). Then these two val-
along[100]* than alond001]* indicating that the exchange yesD and J, were fixed during the fitting process of the
integral is larger between nearest neighbors in the bas@lispersion curves along thlOO* and [110]* directions
plane(a,b) than between near_est ne_ighbors glongdlwis. [Figs. §a) and Gb)] which provides the value af,. This set

The observed magnon dispersion relations have beegs yalues has been used to calculate the spin wave frequen-

compared to standard calculations of spin wave modes usingeg 5j0ng all the investigated paths in the reciprocal space.
an anisotropic three-dimensional Heisenberg Hamiltonian ina , iher example of comparison between calculatsih

cluding a single ion anisotropy term. This anisotropy term ISthe above parameter valjeand observed dispersion rela-
tions is given in Fig. 3.

of a simpler form than that used by Matsumbta/e neglect
the small ferromagnetic component of spins alp@g1] di- , .
rection that cannot be safely obtained by analysing the inte- ngeral commetﬂts EaV? to be mad?. I th; f||t|s O.f th(;:hd|s-
grated intensities of Bragg peaks. This ferromagnetic comPErson Curves in €@.b) plane are performed allowing the
three fitting parameters,, J,, D to vary freely, the best
value ofJ, approaches zero. A nonzero valueJgfgives to

ponent exists also in orthoferrites and can be attributed to
small antisymmetric Dzialoshinski-Moriya coupling.The ! !

component of spins along is also neglected because the these dlspgrsmn curves a steeper feature near the zone center
conventional methods. This last component could come fronfluency at the zone boundary especially alphgo]*. How-
anisotropic exchange interactions that we neglect in ougVer, this discrepancy moderately affects the whole results.

treatment. The most simple Hamiltonian explaining our re-  The sign of the exchange integrals, found positive Xpr
sults is and negative fod,, are in good agreement with the observed

A-type magnetic structure, confirming in that sense the pre-
dictions based on the nature of superexchange interactions
H=—-2 J;;(S-S)—-DX S~ (1)  between MA" ions through oxygens, the so called
H ' Goodenough-Kanamori rulé$2! The key argument used by
Only two exchange integrals are necessary; between Goodenough to explain the magnetic structure of LaNnO
nearest neighbors in the basal plajeb) and J, between was based on the existence of an “orbital ordering” of the
nearest neighbors along The classical Holstein-Primakoff two e, componentsl,2 2 andds,2_,2 This orbital ordering
approximatiof® for spin waves propagating with the reduced results from the cooperative Jahn-Teller effect taking place
wave vectorq=qua* +qxb*+q,c*, and S lying along b* as a consequence of the breaking of orbital degeneracy of the
for Mn ions atz=0 and opposite for Mn ions &=1/2is  E, state by coupling to phonori8.This is experimentally

used. The following dispersion law is deduced: observed from the distortion of MnQbctahedrasee Table
I). The antiferrodistorsive orbital ordering in the basal plane
»(q)=2SVA(q)°~B(g°), [the Mn-Q(2)-Mn path is formed by a short and a long bénd

overlaps nearly half-filled with nearly empty orbitals through
A(q) = A ) 2p-oxygen orbitals, so the superexchange interaction is
q RURRISED ferromagneti¢®2* Along ¢, Mn atoms are connected by D
=2J4[2—codm(qy+qx))—codm(gy—dk))] so only one type of bond exists in the MrA)-Mn path.
Therefore, the same orbital is involved in adjacent bonds and
the superexchange is antiferromagnetic. So, as stated above,
the signs of]; andJ, are in total agreement with the theo-
B(q)=B(gy,9k.d.)=—2J, cogmqy ). (2 retical qualitative predictions of Goodenough. However, the
Goodenough-Kanamori rules predict a strong antiferromag-
netism only if the Mn-O-Mn bond along axis is a 180°
bond and with half-filledd orbitals. These conditions are not
fullfilled in pure LaMnQ; (Mn-O-Mn bonds form angles less
J;=0.2 THz (or 0.83 meV or 9.6 K+0.01 THz, than 180° andl orbitals are less than half-filledSo antifer-
romagnetic exchange is not as strong as one could expect.
Preliminary results on Ca doped compound show its extreme
J,=-0.14 THz (or —0.58 meV or —6.7 K) sensitivity even for a weak doping.
+0.005 THz In <_:oncIL_Jsion we have fL_JIIy d_et_erm_ined_ the magnetic in-
- ' teractions in LaMn@ despite difficulties induced by the
twinning of the crystal. A Heisenberg model with a single
ion anisotropy accounts fairly well for the experimental re-
D=0.04 THz (or 0.165 meV or 1.92 K+0.002 THz. sults. The aﬁ?/sotropy and thg sign of exchange integrals are
We note that, with these exchange integral values, simplén good agreement with both magnetic structure and the
molecular field calculations give the following paramagneticqualitative predictions based on Goodenough-Kanamori
Curie and Nel temperatures: ®,=100 K andTy=207 K.  rules.

—2J,+D,

Taking S=2 as the value of the spin of Mh ions, the best
fit gives
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