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Polycrystalline LaMn,05 has been studied by neutron pow-
der diffraction in conjunction with magnetization data. The
crystal structure of this oxide contains infinite chains of edge-
sharing Mn**Og octahedra, interconnected by Mn3*O; pyra-
mids and LaOg units. Susceptibility measurements show that
LaMn,Os presents an antiferromagnetic order below a Ty
value of about 31 K. Neutron diffraction experiments confirm
the long-range ordering below this temperature in a mag-
netic structure characterized by the propagation vector k =
(0,0,1/2). The magnetic arrangement is defined by the basis
vectors (G,,A,,0) and (0,0,C’,) for the Mn** and Mn?* ions,
respectively. At 3.5 K, the magnetic moments are 2.59(4) and

1.61(7) g for the Mn3* (4h site) and Mn** ions (4f site),
respectively. Superexchange interactions between the Mn**
ions through Mn**-O-Mn** paths are considered in order to
explain the commensurate character of the magnetic struc-
ture in comparison with the incommensurate structures ob-
served for most of the RMn,O5 (R = rare earth metal) com-
pounds. A spin-glass-type behaviour, which probably in-
volves the short-range order in the Mn3®* sublattice, is ob-
served above Ty.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

The discovery of a colossal magnetoresistance effect in
the hole-doped rare-earth manganites R, A MnO; (A =
alkaline-earth metal)l'-?! has triggered the investigation of
related oxides which could also present similar phenomena,
in particular complex oxides containing manganese ions in
a mixed-valence state. The RMn,Os (R = rare-earth metal,
Y or Bi) family of oxides is appealing since it contains two
different oxidation states for Mn, which are located at crys-
tallographically distinct oxygen environments. According to
the first crystallographic studies devoted to the RMn,Os
series in the 1960s, they present an orthorhombic crystallo-
graphic structure (Pham),>*! which was confirmed by a re-
cent high-resolution neutron powder diffraction studyl>-°]
for most of the compounds of the family. The two different
sites for Mn — 4f and 4h — correspond to the Mn** and
Mn?3* oxidation states, respectively. The Mn** ions are octa-
hedrally coordinated by oxygen atoms, and the Mn>* ions
are bonded to five oxygen atoms in a distorted tetragonal
pyramid. Along the ¢ axis the crystallographic structure
contains infinite chains of edge-sharing Mn**Qg4 octahedra.
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The different chains are interconnected by dimer units of
the Mn3**Os pyramids. The R3* cations form ROg units,
which can be considered as bicapped trigonal prisms.

As regards the magnetic properties of the RMn,O5 ox-
ides, initial reports’® indicated an antiferromagnetic
(AFM) behaviour below 40 K. In particular, for R = Nd,
Tb, Ho, Er and Y the magnetic structure is characterized
by the propagation vector k = (1/2,0,7) and the Mn spins
are ordered according to a helicoidal structure, with the
magnetic moments lying in the ab plane. In some of these
compounds a magnetic ordering is also observed for the
rare-earth moments, but at a significantly lower tempera-
ture. It seems that the R*" magnetic moments present a
sinusoidal magnetic structure. A further study for the com-
pounds with R = Er and Tb!! indicated that the magnetic
structure for the Mn ions is also sinusoidally modulated.
Some compounds of the family, such as DyMn,Os, present
a more complicated ordering;!'% its magnetic structure is
defined by two propagation vectors, k; = (1/2,0,0) and k, =
(1/2,0,7). The magnetic structure of EuMn,Os5 has also been
analysed to a certain degree. Its magnetic structure is char-
acterised by k = (1/2,0,7); = varies with the temperature and
remains constant for 77 < 6 K on achieving the commensu-
rable value ¢ = 1/3.1'] Unlike most of the RMn,O5 com-
pounds, BiMn,Oj5 presents a commensurate magnetic struc-
ture,['2131 defined by k = (1/2,0,1/2).

Dielectric and magnetoelectric studies!!*!3! carried out
on the RMn,Ojs oxides indicate the presence of ferroelectic-
ity in these compounds. Many studies have been performed
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in order to characterize the coexistence of ferroelectricity
and magnetism, in particular the effect on the ferroelectric
properties when a magnetic field is applied. Very recently,!'®]
in the multiferroic TbMn,Os compound, a strong interplay
between electrical polarization and the applied magnetic
field has been reported, even for small fields. This striking
behaviour implies a new possible device application con-
sisting of magnetically recorded ferroelectric memory.

The preparation and crystal structure of LaMn,Os has
not been described until recently,! since its synthesis re-
quires the use of high oxygen pressure. The aim of this pa-
per is to report on the magnetic ordering and its thermal
evolution from neutron diffraction measurements for this
material, in conjunction with magnetic susceptibility mea-
surements. A comparison with the magnetic structure of
other compounds of the series is also established.

Results

Magnetic Measurements

The dc magnetic susceptibility curves recorded under
zero-field-cooling (ZFC) and under field-cooling (FC) con-
ditions are shown in Figure 1. Both curves present a similar
behaviour above a Ty value of about 31 K; they diverge
below this temperature [see inset (a) of Figure 1]. As will be
shown for the neutron diffraction results, this temperature
coincides with the establishment of the long-range magnetic
ordering in LaMn,Os. The evolution of the FC suscep-
tibility below Ty corresponds to the onset of an AFM or-
dering. Another important feature of the dc susceptibility
curve is the presence of a very broad maximum at low tem-
perature, which is centred at around 45 K (7sg). A broad
maximum is also observed in the real part of the ac suscep-
tibility (see Figure 2). As is shown in inset (a) of Figure 2,
the thermal evolution of the ac curve strongly depends on
the frequency, which suggests a spin-glass-like behaviour at
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Figure 1. Thermal variation of the dc susceptibility under zero-field
cooling (ZFC) and field-cooling (FC) conditions (H = 1 kOe); in-
set: (a) close-up of the low-temperature region; (b) plot of the recip-
rocal susceptibility (FC) versus temperature
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low temperature. It is well known that irreversibility in the
spin-glass behaviour leads to a non-zero out-of-phase com-
ponent, y'' (imaginary part of the ac susceptibility). This
can clearly be seen in inset (b) of Figure 2, which shows y'’.
This confirms the spin-glass behaviour, and the presence of
two peaks indicates that the freezing of the spin-glass state
takes place in a complicated way.
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Figure 2. Real ac susceptibility curve; inset: (a) close-up of the low-
temperature region; (b) imaginary component of the ac suscep-
tibility

As regards the thermal variation of the dc susceptibility
at high temperature, a linear behaviour in the reciprocal
susceptibility is not observed below 300 K [inset (b) of Fig-
ure 1]. Applying the Curie-Weiss law in the temperature
range 317-342 K gives a paramagnetic temperature, @p, of —
225 K and an effective magnetic moment of 6.25 pg. The
effective magnetic moment is in good agreement with the
theoretical value, determined as u = [u*(Mn>*) + p?(Mn**)]
2" of 6.24 up, where the spin-only values of 4.90 and
3.87 py are considered for the Mn** and Mn** ions, respec-
tively. The magnetization curves displayed in Figure 3 show
a negligible magnetization at low temperatures, discarding
the presence of a weak ferromagnetism effect. We suggest
that the change in the slope observed in the inverse of the
susceptibility at around 275 K is due to crystal-field effects.
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Figure 3. Isothermal magnetization curves at 5, 35 and 99 K
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Magnetic Structure from Neutron Diffraction
Measurements

A set of neutron powder diffraction (NPD) patterns ac-
quired in the temperature range 3.5-98.8 K, with 1 =
2.40 A, has been used to determine the magnetic structure
and study its thermal evolution. For the high-temperature
NPD patterns, all the Bragg reflections can be indexed in
the orthorhombic Pbam space group. The lattice param-
eters at 98.8 K refined to a = 7.6121(8) A, b = 8.6372(8) A
and ¢ = 5.6691(6) A. On decreasing the temperature to be-
low 31 K new peaks appeared in the patterns, thus confirm-
ing the onset of a magnetic ordering with a 7 value of
31 K (see Figure 4). The new peaks can be indexed with the
propagation vector k = (0,0,1/2), which implies a commen-
surable magnetic structure with a magnetic unit-cell that
doubles the chemical one along the ¢ direction. As can be
seen in Figure 5, the intensity of the magnetic reflections
increases monotonically below 7y and reaches saturation
at low temperature, with no anomalies that could indicate
a modification of the long-range spin arrangement. There-
fore, the magnetic structure seems to remain stable down to
3.5K.

Figure 4. Thermal evolution of the NPD patterns for 3.5 < T' <
60 K and 25° < 20 < 55°

For the resolution of the magnetic structure, the solu-
tions compatible with the symmetry of LaMn,Os have been
taken into consideration. The possible solutions were deter-
mined by a representation analysis of group theory tech-
nique described by Bertaut.l'”! For k = (0,0,1/2), the irre-
ducible representations of the Gy group are those given in
Table 1, which have been taken from Kovalev’s tables.['®!
The basis vectors associated with each irreducible represen-
tation are reported in Table 2. The basis vectors define the
different possible magnetic structures and were obtained by
the projection operator technique. The notation for the
Mn1 atoms located at the 4h site is 1(x,y,1/2), 2(—x,—,1/2),
3(-x + 1/2,y + 1/2,1/2) and 4(x + 12,y + 1/2,1/2).
The Mn2 atoms of the 4f site are labelled as 5(1/2,0,z),
6(1/2,0,-z), 7(0,1/2,z) and 8(0,1/2,-z).

Eur. J. Inorg. Chem. 2005, 685-691 www.eurjic.org
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Figure 5. Thermal evolution of the magnetic reflections (1,1,1/2)
and (0,2,1/2)

Table 1. Irreducible representations of the small group Gy for k =
(0,0,1/2) following Kovalev’s notation

hy  ho/(t)  h/(t)  hy  has hag/(t)  hys/(t)  hog

I 1 1 1 1 1 1 1 1
I, 1 1 1 1 -1 -1 -1 -1
I3 1 1 -1 -1 1 1 -1 -1
r, 1 1 e 1 1
rs 1 1 1 11 1 1 1
I 1 -1 1 -1 -1 1 -1 1
r, 1 1 1 11 1 1 1
Iy 1 -1 -1 1 -1 1 1 -1

Table 2. Basis vectors for LaMn,Os

Mnl (4h)! Mn2 (46)®!

I, (G\,4,,0) (0,0,C".)

I, (0,0,F.) (0,0,G6".)

r3 (anaA:) (F,xaC,ysO)

1—‘4 (CxaFy:O) (A ,xaG,yO)

FS (anaG:) (C’,\’:F,,wo)

ré (EV: Cyao) (G,xaA ,)a 0)

1—‘7 (Ax:G)»O) (0,0,F’:)

Ig 0,0,C.) (0,0,4".)

[a] F=ml +m2+m3+m4; C=ml +m2-m3-m4; 4 =ml -
m2 -m3 + m4; G=ml - m2 +m3 - m4. [b] 7/ =m5 + m6 + m7
+m8;, C"=m5+m6-m7-m8; 4" =m5-m6 -m7+ mS§; G’ =
m5 — m6 + m7 — m8.

After checking the different solutions, the magnetic
structure that shows the best agreement with the experimen-
tal data is defined by the basis vectors (Gy,4,,0) for Mnl
atoms (site 4h) and (0,0,C".) for Mn2 atoms (site 4f). The
calculated and observed NPD patterns for this solution at
3.5 K are compared in Figure 6. In the fitting, the atomic
positions of LaMn,Os are fixed to those given in Table 4 in
the Exp. Sect. At 3.5 K, the magnetic moments are 2.59(4)
and 1.61(7) ug for the Mnl and Mn2 atoms, respectively
(see Table 3). These values are significantly lower than those
expected for the oxidation states Mn>* at 4h sites (electronic
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configuration t,,’e,!, expected moment of 4 pg) and Mn**
at 4f sites (electronic configuration t,,*, with 3 pp). This re-
duction could be due to covalency effects.
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Figure 6. Observed (solid circles) and calculated (solid line) NPD
patterns at 3.5 K; the first series of tick marks corresponds to the
nuclear Bragg reflections of LaMn,Os, the second one to the mag-
netic reflections and the third one to the vanadium sample holder;
the solid line at the bottom is the difference between the observed
and calculated NPD patterns

The thermal evolution of the magnetic moments below
Ty is displayed in Figure 7. On cooling, both the Mnl and
Mn2 ordered moments increase monotonically and reach
saturation at low temperature. A view of the magnetic struc-
ture is presented in Figure 8. The magnetic moments of the
Mn** ions are arranged along the ¢ direction, whereas for
the Mn3* ions the moments are oriented in the ab plane.
On the other hand, as displayed in Figure 8, the magnetic
moments of the z = zy [zo = 0.2610(8)] and z = —z, layers,
which are separated by a layer of La atoms, are ferromag-
netically coupled. In contrast, the z = zy and z = 1 — z,
layers, which are separated by a layer of Mn*" ions, are
antiferromagnetically coupled.
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Figure 7. Thermal evolution of the magnetic moments for the
Mn3* (4h site) and Mn** (4f site) ions
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Figure 8. Schematic view of the magnetic structure; only the Mn
atoms are represented; the primed atoms are related to the corre-
sponding non-primed atoms by a lattice translation

Table 3. Results of the fitting of the NPD pattern at 3.5 K for the
magnetic structure resolution

Mn,(4h) Mn, (4f)
Solution (G 4,,0) (0,0,C".)
Values (itg) [2.28(4), ~1.23(8),0] [0,0,1.61(7)]
Im| (1s) 2.59(4) 1.61(7)

Discrep. factors Rg(Nuc.) = 2.4%; Rg(Magnet.) = 9.2%; x> = 2.4

The sequential refinement of the NPD patterns allowed
us to determine the thermal evolution of the unit-cell
parameters. The thermal variation of the « and ¢ lattice
parameters below 100 K is represented in Figure 9a. On
decreasing the temperature below 100 K, the ¢ lattice
parameter decreases almost linearly and, below Ty, it re-
mains virtually constant. Surprisingly, the ¢ parameter in-
creases with a sigmoidal shape when the temperature de-
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Figure 9. Thermal variation of the a, b and c¢ lattice parameters
and unit-cell volume
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creases. The b lattice parameter variation (Figure 9b) also
shows a slight anomaly around 7Ty, which suggests a subtle
magnetostrictive effect. The unit-cell volume, averaging the
trends of ¢ and ¢ parameters, remains constant over the
whole temperature range.

Discussion

The neutron diffraction measurements have shown that
LaMn,Os orders below 31 K with a magnetic structure
characterized by the propagation vector k = (0,0,1/2) and
defined by the basis vectors (G,,4,,0) and (0,0,C".) for the
Mn** and Mn3" ions, respectively. For a better understand-
ing of the spin arrangement it is very useful to bear in mind
a description of the crystallographic structure. It consists of
chains of edge-sharing Mn**O¢ octahedra arranged along
the ¢ axis. Along the chain direction, the Mn**O octahedra
(Mn2) are interleaved either by a layer of La* ions or by a
layer of Mn3* ions (Mnl). This implies that, for a given
Mn** Qg4 octahedron, there are two closer Mn**Oy octahe-
dra, one at d, = 2z, (separated by La’* ions) and one at d,
= 1 — 2z, (separated by Mn3* ions). For LaMn,Os the
Mn2-Mn2 distances are d; = 2.987 A and d, = 2.735 A
(Table 4). The different chains are interconnected by
La’*Og and Mn3*Os units; these latter polyhedra mediate
the magnetic coupling between neighbouring Mn**Og
chains. In fact, the Mn3*Os units form dimers of two pyra-
mids related by an inversion centre. For LaMn,Os, the dis-
tance between the two Mn** ions within the dimer is
2.894 A. The chains of Mn**Qg4 octahedra, separated by a
lattice parameter along a or b, are connected by a dimer.
On the other hand, every chain has four closer chains inter-
connected by a single Mn**Os pyramid. This arrangement
is displayed in Figure 10.

Figure 10. Projection of the crystallographic structure in the ab
plane; the Mn3* and Mn** ions are in the z = 1/2 and z = 1 — z,
planes, respectively; the arrows indicate the direction of the Mn**
magnetic moments in the ab plane; the + and — symbols indicate
Mn** magnetic moments oriented parallel or antiparallel, respec-
tively, to the direction of the ¢ axis
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In the magnetic structure, the magnetic moments of the
Mn** ions are directed along ¢ in the chains of Mn**Oq
octahedra (Figure 8). Within a single chain, the coupling
between the Mn** ions of two adjacent octahedra separated
by a La’* layer is ferromagnetic, whereas those separated
by a Mn3* layer are antiferromagnetically coupled. There-
fore, we have alternating FM and AFM couplings along the
chains. To understand the observed magnetic arrangement,
we must consider the following interactions: i) the superex-
change interaction between the Mn** ions separated by an
La3* layer (with an Mn2-Mn2 distance, d;, of 2.986 A),
across an Mn**-02-Mn*" path (with a bonding angle of
100.1°), assigned to the J; superexchange parameter; ii) the
superexchange interaction between the Mn** ions separated
by an Mn3* layer, characterized by an Mn2-Mn2 distance,
d>, of 2.735 A, across the superexchange path Mn**-03-
Mn** (bonding angle 93.3°), labelled J,; and iii) the indirect
superexchange interaction involving the Mn3*Os units, ac-
ross Mn**—02-Mn3*—0O4-Mn** paths, characterized by J;.
If the indirect superexchange interaction is isotropic, J3
would tend to couple the two Mn** ions placed at both
sides of the Mn3* layer ferromagnetically, as both these
Mn** ions are symmetrically arranged with respect to the
Mn3* layer. The experimental results indicate that the coup-
ling is AFM, which implies that J, must be negative and
much greater than J3. In the same way, J; must be positive,
as the coupling between the Mn** ions separated by a La’*
layer is ferromagnetic. The presence of two superexchange
interactions of different sign along ¢ accounts for the prop-
agation vector k = (0,0,1/2). Furthermore, it seems that a
short Mn2-Mn?2 distance along the chains favours an AFM
interaction, whereas a long distance implies a ferromagnetic
interaction. The J; and J, values depend on the distances
d, and d,, respectively. These distances are determined by
the z, position parameter for the Mn2 atoms (4f site). In
the RMn,Os series, on decreasing the R3* ionic radius, d;
tends to decrease; this changes makes possible the fulfil-
ment of the condition |J;| < 4]J,|, which can give place to
the incommensurate magnetic structure found in most of
the RMn,Os compounds (k. = 7).

On the other hand, every chain is antiferromagnetically
coupled to four closer ones. In the dimers, the two Mn3*
ions are antiferromagnetically coupled and the magnetic
moments are oriented in the ab plane in such a way that
the moment direction is nearly perpendicular to the base of
the pyramid. The path for the superexchange interaction
between the Mn3* ions of the dimer is Mn**—O1-Mn>",
with a bonding angle of 97.5°. Taking into account the ex-
pected electronic configuration for Mn** and Mn3* ions —
tre® and tr’e,!, respectively — the superexchange interac-
tion across Mn**—~02-Mn*" paths (along the chains) takes
place via ty,t,, orbitals, whereas for Mn?*-O3-Mn**
(within the dimers) it takes place via e,,—€5, orbitals. Given
the directionality of the d orbitals, the latter superexchange
interaction (via e,,—€5, orbitals) is, in general, stronger than
that observed via ty,—t,, orbitals; this fact suggests that the
coupling between Mn** moments within the dimers would
take place at higher temperatures. We can consider a sce-

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 689



FULL PAPER

A. Muiioz et al.

nario consisting of the appearance of an AFM coupling in
each dimer at temperatures well above Ty. This short-range
ordering, with no coherence across the crystal, would be
responsible for the spin-glass-type behaviour described
above. On decreasing the temperature, the strengthening of
the superexchange interactions between the Mn** ions
(along the chains) and between Mn3* and Mn*" moments
would give rise to the establishment of a long-range order
below Tn.

It is worthwhile to compare the magnetic structure of
LaMn,Os with those of other members of the RMn,Os
family. For most RMn,Os oxides the magnetic structure is
defined by the propagation vector k = (1/2,0,7), except for
BiMn,Os, where k = (1/2,0,1/2), and DyMn,Os, where k;
=(1/2,0,0) and k, = (1/2,0,7). Thus, for all of them the mag-
netic structure propagates antiferromagnetically along the
a direction, whereas for LaMn,Os, with k = (0,0,1/2), the
propagation is ferromagnetic. As regards the orientation of
the magnetic moments, in LaMn,Os the moments of the
Mn** ions are parallel to the ¢ direction and for the rest of
the compounds of the series the moments are in the ab
plane. The magnetic anisotropy is mainly given by the sym-
metry of the ion environment, in this case by the symmetry
of the Mn**Qg octahedra. The Mn—O distances in the octa-
hedra become more different as the R3* ionic radius in-
creases, so that the higher symmetry of the octahedra is
found for LaMn,Os. The coupling of the magnetic mo-
ments of the Mn** ions along the ¢ direction is also worth
discussing. For RMn,O5 compounds with k = (1/2,0,7) two
models®! for the magnetic structure can be considered. In
one of them, the coupling of the magnetic moments for the
Mn** ions separated by an Mn>* plane is ferromagnetic,
and for those Mn** ions separated by an R3* plane the
magnetic moments form a certain angle, ¢. In the second
model, the coupling is simply the inverse. In fact, both
BiMn,Os and LaMn,Os5 follow both models, but with ¢ =
180° for BiMn,Os (first model) the coupling of the mag-
netic moments for the Mn** ions separated by a R3* plane
is perfectly antiferromagnetic, whereas for LaMn,Os the
coupling is the opposite and follows the second model.

Conclusions

Both dc and ac magnetic susceptibility measurements
show that LaMn,Os undergoes an AFM ordering below
31 K (Tn), and also suggest a spin-glass-like behaviour
above Ty. Neutron diffraction experiments allowed us to
characterize the low-temperature magnetic arrangement:
the magnetic structure is defined by the propagation vector
k = (0,0,1/2), and the spin coupling is given by the basis
vectors (Gy,4,,0) and (0,0,C".) for the Mn** and Mn**
spins, respectively. Within the chains of Mn**Qg octahedra,
the magnetic moments of the Mn*" ions are directed along
¢; each Mn** moment displays an FM and an AFM coup-
ling with neighbouring Mn** spins to account for the ob-
served propagation vector. Adjacent chains are antiferro-
magnetically coupled. Within the dimer units of Mn3*Os
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pyramids, the two Mn>* spins also show an AFM coupling,
with the magnetic moments lying in the ab plane. The mag-
nitude of the two superexchange parameters defined along
the chains, J; and J», is related to the two different distances
between Mn2 atoms; the different sign and magnitude of
Jy and J, accounts for the commensurate character of the
magnetic structure. We suggest that the two Mn3* ions of
each dimer unit are antiferromagnetically coupled above
T, given the superior strength of the superexchange inter-
actions through the e,,—€,, orbitals, which would cause a
short-range magnetic order within the Mn** dimers, with
no long-range coherence across the crystal. This effect
would be responsible for the spin-glass-type behaviour ob-
served in the magnetization measurements.

Experimental Section

LaMn,Os was obtained as a dark-brown, polycrystalline powder
starting from precursors previously synthesized by a wet-chemistry
technique, followed by oxygenation at 1000 °C under 200 bar of
oxygen pressure, as described elsewhere.[”) It is important to under-
line that the final treatment under high oxygen pressure is essential
for the stabilization of monophase LaMn,Os. This material could
not be obtained at ambient pressure starting either from citrate
precursors or ceramic mixtures since the competitive, very stable
LaMnOs,s perovskite was always present in the final product.
The magnetic measurements were performed in a PPMS (Quantum
Design) system. The dc susceptibility curves were obtained under
a 1 kOe magnetic field, under both zero-field cooling (ZFC) and
field cooling (FC) conditions, for temperatures between 5.2 and
342.1 K. The ac susceptibility was measured in the temperature
range 5-322 K under a small oscillating magnetic field of fre-
quencies 0.01, 0.1, 1 and 10 kHz. Different isothermal magnetiza-
tion curves were obtained at 5, 35 and 99 K in a magnetic field of
between 0.05 and 45 kOe.

The study of the magnetic structure of LaMn,Os was carried out
from a set of neutron powder diffraction (NPD) patterns, collected
at the high flux D20 diffractometer of the Institut Laue-Langevin
in Grenoble (France). The patterns were dynamically acquired in
the temperature range 3.5-98.8 K with a wavelength, 4, of 2.40 A.
The NPD data were analysed by the Rietveld method,['” using the
FULLPROFP% program. The line-shape of the diffraction peaks
was simulated by a Gaussian function and the background was
fitted to a fifth-degree polynomial function. In the magnetic refine-
ments, the atomic parameters were fixed to the values given in
ref.l’], previously refined from high resolution NPD data, measured
in the D2B diffractometer at the ILL-Grenoble on the same sample
used in the present experiments. The atomic coordinates and main
interatomic distances of LaMn,Os taken from this reference are
listed in Table 4.
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