Low-frequency dynamics of LiCu3O3 – a strongly depleted antiferromagnet
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LiCu3O3 is a novel representative of cuprates with mixed valence with spin S = 1/2 on a depleted square lattice. It is a unique example of such systems not only because of the high dilution rate but also because the crystal structure of this compound exhibits two types of square lattices with different Li+→Cu2+ substitution ratios simultaneously: 20% in some planes and 40% in other planes (Fig. 1, left panel). These features are an inherent characteristic of the LiCu3O3 crystal structure. Due to the configuration of exchange interactions, it is natural to expect that planes with different Li+/Cu2+ ratios are magnetically separated. The substitution ratio of 40% in some of the planes is extremely close to the percolation threshold of a 2D square lattice, xp ≈ 41%, which makes the establishment of the long-range order in separate planes problematic. 

The previous studies of this unique compound with nuclear magnetic resonance (NMR), magnetization measurements [1] and neutron scattering [2] revealed the occurrence of antiferromagnetic order at Tc1 = 123 K with the wave vector k = (1/2,0,1/2) and the change of the magnetic state at Tc2 ≈ 30 K. At the same time, broad continuous NMR spectra below Tc1 reflect that the situation in the crystal is far more complicated than simple collinear antiferromagnetic ordering. 
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Fig. 1. Left panel: Crystallographic structure of LiCu3O3. Orange-green circles mark the positions occupied with randomly distributed magnetic Cu2+ ions and non-magnetic Li+ ions, orange circles – non-magnetic Cu+ ions, blue circles – O2– ions. Right panel: The frequency-field diagram measured at H || C4, T = 4.2 K. The ESR resonances are marked by solid symbols. Segments at each point indicate HWHM of corresponding absorption lines. The red line shows the result of quasilinear approximation with parameters given in Figure. The dash-dotted line is the paramagnetic υ(H) with γ = 36 GHz/T.
In recent EPR experiments, only one branch of magnetic resonance was obtained (Fig. 1, right panel) with the temperature behavior not characteristic for ordered magnets. The intensity of the absorption line also demonstrates a decrease at T ≈ TN, which is why we suggest that a) two different magnetic subsystems indeed are present in the crystal and b) the signal we observed at low temperatures is the quasi-paramagnetic signal from the disordered highly-depleted subsystem. No additional branches at υ < 140 GHz or traces of AFM resonance in ordered subsystem were observed probably due to the high values of the frequency gap in AFM subsystem or a small intensity. 
The behavior of the gap of the observed magnetic resonance spectra indicates that this gap is, in fact, not a gap of relativistic nature but a pseudogap of exchange nature associated with finite-sized clusters of magnetic ions. The results were published in [3].
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