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Magnetic ordering

Introduction

The potential applications of the AMO, (A=H,Li,Na;M=3d transition metal)
compounds as intermediate electrodes in rechargeable Li batteries!(!
have motivated many investigations in the last 20 years. Recently, these
systems, in particular the ones where M is magnetic, have attracted
considerable interest from experimentalists and theorists because of the
two-dimensional (2D) triangular lattice arrangement of the transition
metal ionsl?. NaMnO, is particularly interesting because the 3d*
electronic state of Mn3* in an octahedral oxygen environment induces a
Jahn-Teller distortion and ferro-orbital ordering of the Mn3*-dz2 orbitals
above room temperature. Unusually, the in-plane interactions in NaMnO,
are antiferromagnetic, so the strong lattice anisotropy does not
completely relieve the geometrical frustration. Our system is therefore an
experimental realization of a frustrated triangular spin lattice with
anisotropic interactions, which is widely studied for the various exotic
ground state predicted for this type of system(3l.
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A full degenerated magnetic ground state is expected
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Deviation from paramagnetic Curie-Weiss

behaviour up to 400K

Broad magnetic peak typical of a low

dimensional magnetic ordering centred

around 200K

At about 45K a small anomaly in the

d(T)/dT is observed. The same anomaly

is observed in the Cp curves (not shown).
a-NaMnO, has a magnetically ordered AFM ground state.
What is the mechanism that lifts the ground state degeneracy?

Below 200K broad magnetic features
appear in the data

Below 50K sharp magnetic peaks grow

Octahedral crystal field
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A unique magnetic structure model is refined from the neutron
powder diffraction data. The moments are align in the d,,
orbitals direction and are antiferromagnetically order within the
Mn-triangular lattice. No reorientation of the moment is
observed on cooling.
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Evolution of the Mn magnetic moment in
the 3D magnetic ordered phase.
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Below 200K, broad asymmetric
features are observed around the T
(h/2,k/2,0),, Bragg positions, the S0 F |
strongest being at (2 ,%2,0),. The _ 40 | 4
asymmetry of the signal with a tail < . |
on the high-Q side is typical of*f" I

lattices, as B "\‘\ .

scattering from 2D | talt, 1
described initially by Warren. The "ok o ‘
evolution of the 2D scattering has [} S I |

been following by fitting the data
with a Warren function.
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Crystal distortions
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Mn-Mn interactomic distances along the a (.#*)
and b-axis (=) in the triclinic cell;
and the distances in the monoclinic phase(®).

Below 48K the anisotropic strains are no longer sufficient to
model the diffraction patterns. The structure is refined in a
triclinic cell. The structural distortion (point groups 2/m — 1),
involving the ¢, and ¢, components of the strain-
tensor,consistent with the anisotropic broadening of the peak
profiles observed in the 2D regime.

| a,=3.16773(7)A o, = 110.465(2)°
b, = 3.16046(7)A B, = 110.415(2)°
,=5.78217(6)A v, = 53.6173(8)°

4K BT1 NIST ot
2 =2.0787A

a
3
g

2007 = PP
k=(0,%,0)t, m=2.94(2)ug m,=-1.06(4), m,=-0.89(6), m,=1.78(4)

12=2.75, Roygq=2.10%, (F2)=1.10%,R 1o =4.00%.

Our neutron  diffraction  data
demonstrate that a-NaMnO, is the
experimental realisaton of a
triangular  antiferromagnet  with
anisotropic exchange interactions
(J1,J,<0) in the weakly coupled
chain limit (J,/J; small). The inter-
chain magnetic frustration is lifted
by a magneto-elastic coupling that
result in a small triclinic distortion of
the cell.
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Evolution of the full width at half

maximum of the 110 peak (in the

monoclinic setting) with T.
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Evolution of selected micro-strain
(Stephens) parameters with T.

To refine the crystal structure of the a-NaMnO, at room temperature
and below, it has been necessary to introduce anisotropic strain
modell®l as a certain hkl class of peaks show significant broadening.
This peak broadening yields the same local strain as the triclinic
distortion observed below 48K.
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Overlap of the half full t,, orbitals

€ Strong AFM direct exchange in the chains

Formation of AFM chains along the b, axis

Distortion of the cell that conduce to strains
€— in the magnetic 2D regime and to a triclinic
cell below 48K, in the magnetic 3D regime.

Lift the ground state degeneracy
Lead to a 2D AFM ordering under 200K
a 3D AFM ordering under 48K



