N

N

Spin-lattice coupling induced phase transition in theS=2
frustrated antiferromagnet CulMnQO2
Francoise Damay, Maria Poienar, Christine Martin, Antoine Maignan, Juan

Rodriguez-Carjaval, Gilles André, Jean-Pierre Doumerc

» To cite this version:

Frangoise Damay, Maria Poienar, Christine Martin, Antoine Maignan, Juan Rodriguez-Carjaval, et
al.. Spin-lattice coupling induced phase transition in theS=2 frustrated antiferromagnet CuMnO2.
Physical Review B: Condensed Matter and Materials Physics (1998-2015), 2009, 80 (9), pp.094410.
10.1103/PhysRevB.80.094410 . hal-00498055

HAL Id: hal-00498055
https://hal.science/hal-00498055
Submitted on 6 Mar 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00498055
https://hal.archives-ouvertes.fr

PHYSICAL REVIEW B 80, 094410 (2009)

Spin-lattice coupling induced phase transition in the S$=2 frustrated antiferromagnet CuMnQO,

F. Damay,"* M. Poienar,” C. Martin,”> A. Maignan,? J. Rodriguez-Carvajal,> G. André,' and J. P. Doumerc*
YLaboratoire Léon Brillouin, CEA-CNRS, UMR 12, CEA-Saclay, 91191 Gif-sur-Yvette Cedex, France
2Laboratoire CRISMAT, ENSICAEN, UMR 6508 CNRS, 6 Boulevard du Maréchal Juin, 14050 Caen Cedex, France
3Institut Laue-Langevin, 6 rue Jules Horowitz, BP 156, 38042 Grenoble Cedex 9, France
4Institut de Chimie de la Matiére Condensée de Bordeaux, CNRS, Université de Bordeaux I, 87 Avenue du Dr. A. Schweitzer,

33608 Pessac Cedex, France
(Received 8 April 2009; published 18 September 2009)

The crystal and magnetic structures of the layered oxide crednerite CuMnO, have been studied by neutron
powder diffraction. In this system, which is topologically representative of a frustrated square lattice with
nearest (J,) and diagonal next-nearest- (J,) neighbor interactions, three-dimensional antiferromagnetic ordering

111

is observed below Ty=65 K, with propagation vector k;=(—537). Frustration is relieved through a strong

magnetoelastic coupling to the lattice, evidenced by a structural phase transition from a monoclinic (C2/m) to
a strained triclinic C1 phase as magnetic order sets in. The magnetic order observed, which is described as
spins antiferromagnetically aligned along [1-1 0] and ferromagnetically aligned along [1 1 0], corresponds to
the so-called collinear antiferromagnetic order predicted for a frustrated two-dimensional antiferromagnetic

Heisenberg model on a square lattice for J,/J;>0.5 in the presence of spin-lattice coupling.

DOI: 10.1103/PhysRevB.80.094410

I. INTRODUCTION

The role of frustrating interactions in low-dimensional
systems is a crucial aspect of the physics of magnetism in
condensed matter nowadays. Among strongly frustrated sys-
tems, the Heisenberg square lattice with nearest (J,) and
next-nearest- (J,) neighbor interactions has been extensively
studied in the framework of the connection between antifer-
romagnetism and copper-oxide superconductivity (see, for
example, Ref. 1, and references within). It has been shown in
particular that the introduction of frustration on such a lattice
can lead to a Peierls-type transition from a tetragonal to an
orthorhombic symmetry when spins are coupled to phonons:
the rotational symmetry of the square lattice is broken as
ferromagnetic and antiferromagnetic bonds acquire different
lengths.>? Indeed, on general grounds, the magnetic ex-
change coupling depends on the orbital overlap between at-
oms, overlap which changes with the actual distance between
ions. Experimental evidences of this scenario are scarce so
far;* topologically, however, the two-dimensional (2D)
square lattice can also be considered as equivalent to the
anisotropic triangular lattice with two in-plane magnetic ex-
change interactions, J; along two of the triangle directions
and J, along the third one (J;#1J,,(J;,J,)<0).> In this
framework, delafossite oxides (general formula AMO,, A
being a monovalent cation in dumbbell coordination and M a
transition metal) are interesting candidates, as their structure
can be described as weakly coupled Cdl,-type layers of mag-
netic ions M with a triangular topology. The ‘“‘standard”

delafossite crystal structure is thombohedral (Rgm) such as
in CuCrO, or CuFe0,,° and the magnetic lattice is a stacking
of perfect triangular arrays. Though related to the delafossite
structure, crednerite CuMnO, (Ref. 7) is not rhombohedral at
room temperature (RT): in CuMnQO,, the Jahn-Teller (JT) dis-
tortion of the Mn+3(t2g3e;) cation lifts the e, orbitals degen-
eracy, thus leading to a distorted monoclinic structure,
C2/m, at RT (Refs. 7 and 8) [Fig. 1(a)]. There is therefore in
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CuMnO, a large difference between apical and equatorial
Mn-O distances within the MnOg octahedron; as a conse-
quence, the resulting Mn*? triangular sublattice is not regular
but anisotropic, a topology equivalent to the frustrated square
lattice with J,/J,>1 [Figs. 1(b) and 1(c)].

Very little is known about the low-temperature magnetic
structure of crednerite CuMnO,, even though its room-
temperature crystal structure and antiferromagnetic proper-
ties have been known for a long time.”” We report here a
neutron diffraction investigation versus temperature of the
crystal and magnetic structures of CuMnO,. Around 80K,
low-dimensionality magnetic scattering is observed, fol-
lowed by three-dimensional magnetic ordering at 7y=65 K,
characterized by the propagation vector k;= (—%%%) The ro-
tational degeneracy of the ground state is lifted through mag-
netoelastic coupling, as evidenced by a lattice distortion re-
sulting in a structural transition from a monoclinic to a
triclinic phase at Ty. As predicted theoretically, the magnetic
configuration is collinear type [C in Fig. 1(c)], and involves
within the (a,b) plane ferromagnetic [1 1 0] chains, arranged
antiferromagnetically along b and [1-1 0]. Chains coupling
along c is antiferromagnetic.

II. EXPERIMENTAL SECTION

1 g of CuMnO, was prepared by high-temperature solid-
state reaction. Stoichiometric amounts of CuO and MnO
powders were weighed, carefully crushed together, and
pressed in the form of bars, which were then put inside a
platinum crucible, introduced in an evacuated ampoule, and
heated up to 950 °C for 12 h. The quality of the compound
was checked by x-ray diffraction, which confirmed that the
sample is single phase, well crystallized, and exhibits the
expected crednerite structure at room temperature. Magnetic
susceptibility versus temperature was measured in 0.3 T,
while warming from 1.5 to 300 K, after zero field cooling or
field cooling, using a quantum design superconducting quan-
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FIG. 1. (Color online) (a) Perspective view of the crednerite
structure and (b) projection of the structure in the (a,b) plane evi-
dencing the anisotropic triangular lattice with direct Mn-Mn ex-
change interactions J; and J, along (110) and b, respectively, (the
specified Mn-Mn distances are those of the 300 K structure). MnOg
octahedra are also represented along with d,2 orbitals. (c) Topologi-
cal equivalence with the square lattice with next (J;) and next-
nearest- (J,) neighbor interactions. The collinear magnetic order is
illustrated below.

tum interference device (SQUID) magnetometer: the ob-
served temperature evolution of the susceptibility of our
CuMnO, sample is similar to previous measurements by

TABLE 1. Rietveld refinement results of the high-resolution
neutron powder diffractogram of crednerite CuMnO, at 300 K. Cu
and Mn cations occupy sites 2d (0%%) and 2a (0 0 0), respectively.

Space group C2/m (n°12)

Cell parameters

a (A) 5.5945(2)
b (A) 2.8847(1)
c (A) 5.8935(2)
B (deg) 103.97(2)
Cell volume (A?) 92.3(1)
Atomic positions
0(4i) x 0.4070(6)
y 0
z 0.1789(5)
Agreement factors
Rprage (%) 0.88
¥ 1.98
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TABLE II. Anisotropic displacement factors in CuMnO, at
300 K(X10% (from high-resolution NPD data).

,31 1 ,322 533 Bl 3
Cu 110(2) 236(5) 21(1) 8(1)
Mn 46(2) 85(8) 27(2) 12(2)
0] 51(2) 112(4) 24(1) 10(1)

Doumerc et al.’ Neutron powder diffraction (NPD) versus
temperature was performed on the G4.1 diffractometer (A
=2.423 A) from 1.5 to 280 K, and high-resolution neutron
diffractograms were recorded on the diffractometer 3T2 (A
=1.225 A) at 300 and 10 K. Both diffractometers are located
at LLB, CEA-Saclay, France. Rietveld refinements of the
powder diffractograms were performed with the FULLPROF
program from the fullprof suite.'?

III. RESULTS AND DISCUSSION
A. Room-temperature crystal structure

The refinement of the RT high-resolution NPD data of
CuMnO, (summarized in Table I) confirms earlier single-
crystal x-ray diffraction results: CuMnO, crystallizes in a
monoclinic C2/m structure, with a=5.5945(2) A, b
=2.8847(1) A, ¢=5.8935(2) A, and B=103.97(2)°. The
Cu* and Mn*? ions occupy the 2d (Oéé)and 2a (0 0 0) sites,
respectively, and the oxygen atoms occupy the 4i position
(x 0 y). As illustrated on Fig. 1(a), the crednerite structure
can be described as layers in the (a,b) plane of edge-sharing
MnOyg octahedra, linked by Cu* ions linearly coordinated to
two oxygen ions, thus forming O-Cu-O dumbbells perpen-
dicular to the (a,b) plane, as in the delafossite structure.
Anisotropic displacement factors and relevant structural dis-
tances and angles are reported in Tables II and III, respec-
tively. By; and B,, define displacements along a and b, re-
spectively, and B33 corresponds to displacements parallel to

TABLE 1II. Selected interatomic distances (A) (multiplicity in
brackets) and angles (°) in CuMnO, at 300 K (from high-resolution
NPD data). Subscripts | and | correspond to perpendicular and
parallel to the equatorial plane of the MnOg octahedron,
respectively.

Mn-O, 1.9305(4) (X4)
Mn-O, 2.2666(4) (X2)
Mn-Mn 2.8847(1) (X1)
3.1472(5) (X2)
Cu-O 1.8377(3) (X2)
[MnO,].. layer thickness 2.0458(3)
Mn-O-Mn 96.68(7)
96.83(6)
0,-Mn-O, 96.68(7)
83.31(6)
0, -Mn-0, 96.83(6)
83.17(6)
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TABLE IV. Selected strain parameters values in CuMnO, at 300
K (from high-resolution NPD data).

S220 SZOZ SOZ2 S121 S301

0.36(10) 0.84(05) 0.75(15) 0.53(04)

0.72(11)

the ¢ axis. The values listed in Table II underline the strong
anisotropy of the structure: Cu* has the largest B;; and
B2(>B33), corresponding to a flattened ellipsoid along c.
Such flattened ellipsoids are often encountered in twofold
linear coordination, and are described as resulting from
transverse “guitar string” vibration.!! The manganese ions in
their distorted octahedral environment have the smallest an-
isotropic displacements factors, in agreement with the fact
that the MnOy octahedra layers are close compact. Like Cu*,
their displacement ellipsoids are slightly flattened along c.
All in all, equivalent isotropic displacement values U do not
exceed 10.2X 107> A? for copper, 4.9 X 107> A? for manga-
nese, and 5.4 X 10~ A? for oxygen at 300 K, it is therefore
reasonable to assume accordingly that oxygen nonstoichiom-
etry or ionic disorder are negligible. We also tested in the
refinement the possibility of a substitution of copper on the
manganese sublattice, taking advantage of the contrasting
neutron scattering lengths of Cu and Mn, but our results
systematically lead to the expected CuMnO, stoichiometry
within experimental resolution. However, to improve the re-
finement of the high-resolution NPD data, anisotropic mi-
crostrain parameters had to be introduced in the model. In
this formalism, the microstrain effect is considered as
equivalent to a distribution of the cell parameters, and the
Gaussian component of the Bragg peaks width is modeled as
a function of Akl using a set of S;;, parameters as fourth-term
expansion.'? This lead to slightly but clearly better agree-
ment factors, and, accordingly, the strain parameter values
remained small (Table IV): this microstrain is nevertheless
indicative of a lattice parameter distribution defect, which we
relate to the existence of a Cu;,Mn;_,O, type solid
solution'® within the sample.

As expected for a JT active ion such as Mn*?, the MnOq
octahedra in CuMnO, are elongated. The longest Mn-O in-
teratomic distances [Mn-0=2.2666(4) A] correspond to the
direction of the occupied d 2 orbitals. Because these orbitals
are all pointing in the same direction, this results in ferro-
orbital ordering in the (a,c) plane. The d.> orbitals are per-
pendicular to the empty d,2_,2 orbitals, which point toward
the four closer oxygen atoms, with Mn-O=1.9305(4) A.
The resulting distorted triangular lattice formed by the Mn*3
ions is illustrated on Fig. 1(b). The triangles are formed by
one short Mn-Mn distance of 2.8847(1) A (corresponding to
magnetic exchange J,) and two longer Mn-Mn distances of
3.1472(5) A (corresponding to J;). In this edge-sharing oc-
tahedra configuration, superexchange interactions through a
Mn-O-Mn path involve angles close to 90° (see Table III)
and are consequently quite weak.'* On the other hand, half-
filled ,, orbitals directed along the short Mn-Mn distance of
edge-sharing octahedra should favor strong antiferromag-
netic direct exchange between Mn*? ions.'* Magnetic inter-
actions between [MnO,]., layers are expected to be much
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FIG. 2. (Color online) Refinement of the 10 K neutron diffrac-
tion data of CuMnO, recorded with the 3T2 diffractometer (N
=1.225 A). Experimental data are represented by open circles, the
calculated profile by a continuous line, and the allowed structural
(upper row) and magnetic (lower row) Bragg reflections by vertical
marks. The difference between the experimental and calculated pro-
files is displayed at the bottom of the graph.

weaker, since (Mn-Mn);,.,=5.8935(2) A (the actual dis-
tance between magnetic [Mn],, planes is somewhat shorter,
5.7190(1) A, because of the monoclinic distortion). Three-
dimensional (3D) magnetic ordering is nonetheless observed
below 65 K, as will be exposed in Sec. III C.

B. Low-temperature crystal structure

The refinement of the high-resolution NPD data at 10 K
shows that the structure cannot be described with a mono-
clinic space group like at room temperature, as the low Q
Bragg reflections are slightly offset with respect to their cal-
culated positions in the C2/m space group. These offsets can
be readily taken into account by a lowering of the crystal-

structure symmetry using a “pseudomonoclinic” C1 unit cell,
which allows keeping the same unit cell as the C2/m one.
Without the binary axis, the three cell angles are now refin-
able parameters and the oxygen is in general position
(x,y,z). In addition, a substantial anisotropic broadening of
hkl Bragg peaks is also observed on the 10K neutron data,
and is modeled in the refinement through the use of aniso-
tropic microstrain parameters, as for the 300K data.

As illustrated on Fig. 2, this leads to a reasonably good
refinement of the data, with Rp,,=2.52% and x°=144
(these values are obtained taking into account in the refine-
ment the magnetic structure that is described in Sec. III C).
Results of the refinement are reported in details in Tables

V-VIL At 10 K, the cell parameters of CuMnO, in the C1
space group are a=5.5806(8) A, b5=2.8799(4) A, ¢
=5.8925(8) A, =90.18(2)°, B=103.98(1)° and 7y
=89.81(1)°. As expected, the values of the strain parameters
(Table VII) show that anisotropic strain is much more pro-
nounced at 10 K than at RT, as a consequence of the triclinic
structural distortion.

094410-3
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TABLE V. Rietveld refinement results of the 3T2 and G4.1 neu-
tron powder diffractograms of crednerite CuMnO, at 10 K. Cu and
Mn cations occupy sites 2d (0%%) and 2a (0 0 0), respectively.

Space group C1 (n°2)
Cell parameters
a (A) 5.5806(8)
b (A) 2.8799(4)
c (A) 5.8925(8)
a (deg) 90.18(2)
B (deg) 103.98(1)
v (deg) 89.81(1)
Cell volume (A?) 91.9(2)
Atomic positions
O(4i) x 0.4062(6)
y -0.012(8)
z 0.1786(2)
Agreement factors
Rprage (%) 2.52
X 1.44
Mn magnetic moment (ug) ({k;} structure, from G4.1 data)
along a 2.94(3)
along ¢ 1.76(6)
Rerage magnetic (%) 4.32

Compared with the room-temperature structure, there is a
clear decrease in the Mn-Mn distances building the triangu-
lar lattice: along b (which corresponds to the exchange inter-
action J,), Mn-Mn decreases from 2.8847(1) to
2.8799(4) A, which is equivalent to a ~0.17% contraction.
In addition, the triclinic distortion at 10 K leads to two dif-
ferent shorter Mn-Mn distances, 3.1442(4) and 3.1357(4) A
along [1 1 0] and [1-1 0], respectively, to be compared with
Mn-Mn=3.1472(5) A at RT. A contraction of ~0.37% of
the Mn-Mn interatomic distance occurs along [1-1 0], much

TABLE VI. Selected interatomic distances (A) (multiplicity in
brackets) and angles ( °) in CuMnO, at 10K (from high-resolution
NPD data).

Mn-O, 1.9352(19) (X2)
1.9225(19) (X2)
Mn-O, 2.2562(11) (X2)
Mn-Mn 2.8799(4) (X1)
3.1442(4) (X 1)
3.1357(4) (X1)
Cu-O 1.8395(12) (X2)
[MnO,].. layer thickness 2.0413(11)
Mn-O-Mn 96.58(10)
96.92(5)
0,-Mn-O, 83.42(7)
96.58(7)
0, -Mn-0, 83.08(5)
96.92(5)
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TABLE VII. Selected strain parameters values in CuMnO, at 10
K (from high-resolution NPD data).

S220 SZO2 S022 S121 SSOI

4.9(3) 7.0(8) 8.0(13)

2.4(7) 2.3(2)

stronger than the 0.09% Mn-Mn contraction observed along
[1 1 O]. This will clearly have major consequences on the
magnetic arrangement, as the frustration of the J; magnetic
exchange is lifted by such a distortion, and will be further
discussed below.

There is also a relatively important shortening of the long-
est Mn-O | distance (subscript | corresponds to apical oxy-
gen atoms within the MnOg octahedra), from 2.2666(4) A at
RT to 2.2562(11) A at 10 K. As a consequence, the average
Mn-O distance within an octahedron decreases at 10 K, and
the MnOg octahedron is also slightly less distorted at 10 K
than at RT. The Cu-O distance increases slightly as T de-
creases, whereas the [MnO,],, layer thickness decreases,
these two effects probably compensating each other explain
the fact that ¢ remains roughly constant with temperature.

C. Evolution with temperature of the crystal and
magnetic structures

The temperature evolution between 300 and 1.5 K of the
NPD patterns is illustrated on Fig. 3. Because of the medium
instrumental resolution and narrow Q range of the G4.1 NPD
data, the structural transition is only detectable through a
very slight shift of the magnetic peak positions at the onset
of the 3D magnetic ordering (~65 K on Fig. 3), and there-
fore all the G4.1 data crystal-structure refinements were per-
formed in the C2/m space group; it is clear however from
the neutron data that the magnetic structure cell is triclinic,
and that the monoclinic to triclinic transition is concomitant
with the 3D magnetic ordering at 65 K, as further evidenced
in the temperature evolution of the lattice parameters (Fig.
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FIG. 3. Evolution between 1.5 and 280 K of the neutron diffrac-
tograms of CuMnO, (G4.1 diffractometer, A=2.423 A). Inset:
comparison of the magnetic diffuse scattering signal around
123 A-'at 80 and 1.5 K.
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FIG. 4. Temperature evolution of the a and b lattice parameters
(in the space group C2/m) of CuMnO,, and evolution with tem-
perature of the intensity of the magnetic Bragg peak I of the {k;}
structure. Inset: temperature dependence of lattice parameter ¢ of
CuMnO,.

4). The cell parameters a, b, and ¢ have very distinct behav-
iors with temperature: while parameter a (top panel of Fig. 4)
exhibits a steady decrease followed by a sharp contraction
around 65 K, b decreases steadily between 300 and 10 K,
with no distinct accident at 65 K (bottom panel of Fig. 4).
The ¢ cell parameter (inset of Fig. 4) on the other hand
hardly changes over the whole temperature range, within the
experimental resolution, as already pointed out when com-
paring the 10 and 300 K structures. For 7=40 K, a, b, and
¢ become roughly constant and correspond to the values ob-
tained for the triclinic cell of CuMnO, at 10 K. It is note-
worthy that the lattice distortion occurs within the (a,b)
plane only, which corresponds to the anisotropy of the frus-
tration.

With decreasing temperature, before 3D magnetic order-
ing, magnetic diffuse scattering becomes also clearly observ-
able on the NPD data from 80 K downwards, around Q
=1.23 A~ (26~27.5° in inset of Fig. 3). The magnetic dif-
fuse scattering intensity increases until the appearance of
magnetic Bragg peaks around 65 K. It is likely here, consid-
ering the strong 2D character of the structure of CuMnO,,
that magnetic ordering starts within planes, thus giving rise
to a 2D-like magnetic scattering feature (although one-
dimensional ordering along b could also be plausible here,
since J; <J,). Below 65 K, the diffuse scattering signal de-

graph.

creases, but is still noticeable at 1.5 K (inset of Fig. 3).

As T reaches 65 K, magnetic Bragg peaks become appar-
ent on the low-temperature NPD data. They can be divided
into two families (Fig. 5): the first family, which corresponds
to the largest magnetic peaks, can be indexed with the propa-
gation vector k1=(—%%%). The second family corresponds to
magnetic peaks of much smaller intensity, and can be in-
dexed with a propagation vector belonging to a different star,
k2=(—%%0) [or k2=(%%0): it is actually not possible to dif-
ferentiate unambiguously between these two propagation
vectors, as the magnetic signal is very weak]. Within the
temperature resolution, these two families of peaks appear
simultaneously on the neutron diffractograms, and originate
from the same diffuse scattering signal. According to results
which will be reported elsewhere,” the {k,} magnetic peaks
can be attributed to the existence of a Cu;,,Mn;_,O, like
composition distribution within the sample,'® in agreement
with the microstructural strain observed at RT.

The {Kk,} spin configuration is rather straightforward (Fig.
6). It describes antiferromagnetic chains running along b;
within the (a,b) plane, these chains are arranged antiferro-
magnetically along [1-10] and ferromagnetically along [1 1
0]. Adjacent (a,b) planes are coupled antiferromagnetically
along c. k, actually describes a similar antiferromagnetic ar-
rangement in the (a,b) planes, but with the planes ferromag-
netically coupled along c. Using these two propagation vec-
tors, we can reproduce the data in a very satisfactory way
(Fig. 5), with Rp,e,=1.6% and magnetic Rp,,=4.9%. At
1.5 K, the components of the magnetic moment for the k;
vector are 2.94(3) and 1.76(6) g along the a and ¢ axes of

the C1 cell, respectively, which corresponds to 3.05up per
Mn*3 cation. The spins actually point along the direction of
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FIG. 6. (Color online) Illustration of the magnetic structure of
CuMnO,, corresponding to propagation vectors k; = —%%%). Along
¢, magnetic coupling between layers is antiferromagnetic. A ferro-
magnetic chain along [1 1 0] is evidenced by the shaded area. The
specified Mn-Mn distances are those of the 10 K triclinic structure,
the large arrows illustrate accordingly the different degrees of con-
traction of the Mn-Mn triangular lattice with respect to the RT
structure.

the d > orbitals, as could be expected from the easy-axis an-
isotropy of the Mn*?® site. For the propagation vector k,,
moments have components of 0.4(2)up along a and
—0.4(4) uy along b. The standard deviations on these values
are high, and the direction of the moment within the (a,b)
plane is, as a result, rather hypothetic. 0.6 per Mn*? can be
refined for the k, magnetic structure, the total magnetic mo-
ment per Mn*3 is therefore 3.65ug. It is indeed expected to
be lower than the expected saturation value of 4y for Mn*?
in its high spin (S=2) configuration, because of the remain-
ing diffuse magnetic scattering at 1.5 K.

D. Discussion

Among the possible lattice deformations that can be con-
sidered for the square lattice, three are stable, depending on
the values of the exchange integrals J; and J, and on the
spin-lattice coupling constants.” For J,/J, >0.5, even a weak
coupling to the lattice is enough to stabilize the antiferro-
magnetic collinear phase and to induce a structural distortion
to an orthorhombic lattice, with two different bond lengths in
the x and y directions, corresponding to two different
nearest-neighbor interactions. CuMnO, is a remarkable ex-
perimental realization of such a structural distortion upon
magnetic ordering, and evidences the role of the spin-lattice
coupling to lift the frustration in this compound. As magnetic
moments order, the antiferromagnetic chains running along b
are pushed closer to each other, as evidenced by the strong
contraction of the a parameter. Antiparallel ordering of the
spins along [1-1 0] chains leads to a large decrease (0.39%
with respect to the RT value) of the corresponding Mn-Mn
distance, while the Mn-Mn distance involved in the ferro-
magnetic arrangement along [1 1 0] only decreases by 0.09%
compared to the RT value: this anisotropic contraction of the
manganese triangular array releases the initial frustration of
the J; magnetic exchange interaction. Since low-
dimensionality magnetic scattering is also observed in this
compound, it is possible that the lattice distortion and the

PHYSICAL REVIEW B 80, 094410 (2009)

breaking of the rotational symmetry actually start within
planes before 3D magnetic ordering sets in.

A similar geometry of the Mn*? sublattice is also ob-
served in NaMnO,,'¢ for which magnetoelastic coupling and
symmetry breaking phenomena have been reported not long
ago.'” In NaMnO,, low dimensionality is much more pre-
dominant and coexists with the 3D antiferromagnetic (Ty
=45 K) down to 4 K. Similar frustration lifting lattice dis-
tortions are observed in both compounds; the antiferromag-
netic spin configuration characterized by a propagation vec-
tor k:(%%O) in NaMnO,, is, in the (a,b) plane, identical
(collinear-like) to that of CuMnO,. The coupling between
adjacent planes is, however, ferromagnetic in NaMnO,. Na*
ions are much larger than Cu* ions, but being in octahedral
sites, the magnetic planes are actually closer to each other
than in CuMnO,. Linear Cu-O bonding promotes stronger
antiferromagnetic superexchange than Na-O bonding: this
leads in CuMnO, to a higher Ty and to antiferromagnetic
coupling of the [MnO,],, planes along c. Interplane coupling
is, however, in either compound, not expected to play a role
in the frustration lifting mechanism.

Our results evidence the different structural and magnetic
responses to frustration of the M triangular lattice in the
CuMO, system: in CuCrO,, helicoidal antiferromagnetic or-
dering occurs below Ty=24 K on the Cr equilateral triangu-
lar lattice, and is concomitant with a relaxation of the CrOg
octahedra,'’® but no lattice distortion is observed. In
CuFe0,,'” a structural transition from rhombohedral to
monoclinic C2/m is observed at Ty, which results in a Fe
isosceles triangle lattice with rotational symmetry enabling a
commensurate antiferromagnetic ordering. Spin-lattice cou-
pling also appears to be the key parameter to understand the
magnetic structure of CuMnO,, but a more theoretical ap-
proach would be required at this point to understand the
underlying physical mechanisms responsible for the evolu-
tion with M of the transition-metal lattice symmetry below
TN.

IV. CONCLUSION

In conclusion, a neutron powder diffraction investigation
of CuMnO, has shown that at T\=65 K, long range 3D
magnetic ordering occurs simultaneously with a lowering of
the monoclinic symmetry to a triclinic one. The correspond-
ing lattice distortion, which affects the symmetry and dis-
tances of the Mn sublattice within the (a,b) plane, results in
the differentiation of the antiferromagnetic and ferromag-
netic bond lengths below Ty. CuMnO, appears to be a good
example of a quasi-two-dimensional frustrated antiferromag-
net in which the magnetic phase transition is strengthened by
spin-lattice coupling.
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