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Abstract. We report an essentially improved microscopic understanding of the leading in-
chain NN and NNN exchange integrals J; and J» for the prototype title compound. It is based
on a novel analysis of the optical conductivity (I;T) within a ve-band extended Hubbard
model the O 1s x-ray absorption and other spectroscopic data using exact diagonalizations,
the DMRG technique, and L(S)DA+U calculations, as well as a spin-wave t of new inelastic
neutron data for Li»CuO». Here a highly dispersive magnetic excitation has been detected for
the rst time. It gives rise to a more than twice as large ferromagnetic Ji1 230 K and to a
smaller in-chain frustration ratio J>=J; = 0:33 0:01 as compared with the results based on
a di erent microscopic parameter set proposed by Mizuno et al. 1998 Phys. Rev. B 57 5326.
The frustrated inter-chain interaction is found to be responsible for the FM ordering.

LioCuO, is with more than 80 published papers the rst [1] and the most frequently
studied/addressed compound (see e.g. Refs. 2-14) in the growing class of edge-shared chain
cuprates (ESCC) [9]-[19]. Owing to its structural simplicity with ideally planar CuO, chains (see
Fig. 1) it has been considered as a model system for highly frustrated quantum spin chains. In
almost all ESCC compounds (with the exception of CuGeO3 GeOCuO,) the spins are coupled
along the CuOj,-chain via ferromagnetic (FM) nearest neighbor (NN) and antiferromagnetic
(AFM) next-nearest neighbor (NNN) exchange integrals, J; and J,, respectively. While in the
simplest 1D Ji-J, model the chain ground state is governed by the ratio = J,=Jq, the
actual 3D magnetic order depends sensitively on the strength of the inter-chain couplings and
the symmetric exchange anisotropy of the largest coupling J;. In Li,CuOy, below Ty 9 K
long-range FM in-chain and AFM inter-chain magnetic ordering evolves . However, a proper
microscopic understanding and a critical evaluation of various studies, especially of electronic
and magnetic structure calculations [4, 6, 10, 20, 21] has been hampered so far by the missing
precise enough knowledge of the main exchange couplings. Their knowledge for LioCuOs, is
very useful also for the understanding of related systems with spiral magnetic structures and
multiferroicity, both being of considerable current interest. In the present contribution we review
the achieved state of the art based on the analysis challenged by new inelastic neutron scattering
(INS) data [13] for the "old" but still puzzling title compound.

New INS experiments were performed with an isotope enriched ’LioCuQ, single crystal with
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Figure 1. Left: crystallographic structure of Li;CuO, with AFM coupled CuO, spin-chains along the
b-axis (orange { Cu?*, red { O%, bright blue { Lit). Right: the main intra- and inter-chain
exchange paths, J;, J2 and J; marked by blue arcs and dashed lines, respectively. Notice the frustration
introduced by an AFM interchain coupling for any non-FM in-chain ordering.

thermal and cold neutrons at the triple-axis-spectrometers IN8 and IN12 at the ILL, Grenoble,
France. For details of these measurements see Ref. [13] . Most scans have been done in the
collinearly AFM spin ordered phase at T = 4:1 K.

Our analysis of an excitation branch, completely overlooked in previous INS measurements
[3], shows that the intra-chain NN interaction J; 230 30 K is strongly FM, but highly
frustrated by an AFM NNN coupling J» 76 10 K. In comparison, the AFM inter-chain
coupling is weak, clearly demonstrating the magnetically quasi-1D character of the compound.
In full accord with L(S)DA+U calculations [14, 12, 13, 22] we obtained J>, = 9:09 0:06 K and
J1 1 K. However, due to its AFM character even a weak but frustrating inter-chain exchange
competes in the vicinity of a FM-spiral critical point strongly with the in-chain spiral correlations
resulting nally in the observed FM in-chain ordering in the Neel phase below Ty = 9:2 K [2].

In the energy range of interest for a minimal optical model (h! 5 eV), there are only
two experimental data sets available [4, 8]. In addition, both studies have been performed at
T = 290 K, only: the optical conductivity (!) derived from re ectivity measurements shown
in Ref. 4 and the EELS data for the loss function P(!) = Im1="(1) by Atzkern et al. [8]
from which (1) can be derived. Notice that both spectra di er within the position of the main
peak occuring at 4.2 eV and and 4.5 eV, respectively, in the two experimental studies. Also
the minimum in (1) near 5 eV is di erently pronounced in both studies. Here we succeeded

T=41K 2 ::?2 Figure 2. Dispersion of spin excitation propagating along

the chain direction. Fitting the INS data shown by grey
circles, the magnetic excitation has been described within
linear spin-wave (LSW) theory. The corresponding analysis
reveals besides that the observed collinear state below Ty
is stabilized by the frustrated inter-chain interaction and an
easy-axis exchange anisotropy. Lacking convincing data at
the zone boundary, the intra-chain couplings can, however,
only be tted with large error bars. The t was therefore
obtained substituting J, = J; with 0:33  0:01
0 , - , being a stable t parameter and adopting thereby J; = 0
-0.50 -025 000 025 0.50 but including the NN inter-chain couplings J; with i = 1;2
QO KO)[rlu] shown schematically in Fig. 1.

LSW-fits with:
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to t the peak heights of both (1) and P (1) with the same accuracy. Other important recent
observations concern the relative isotropic distribution of O 2p holes in the ground state as
observed and calculated for O 1s x-ray absorption studies [7, 9] as well as the observation of
Zhang-Rice triplets with an excitation energy of 4.1 eV in RIXS measurements [11]. The ve-
band Hubbard Cu 3d O 2p model (FBHM) is a natural generalization of the three-band Emery
model widely used for 2D cuprates. Ignoring all intersite Coulomb interactions (“lumping"
them into on-site energy terms) it has been introduced by Mizuno et al. [4] for the theoretical
description of ESCC. However, their parametrization yields only a qualitative description of
our optical and EELS data. Compared with our previous study [12] we succeeded in further
re nements taking at least a realistic value of the Cu-O NN intersite Coulomb interaction
Vpa =0.65 eV into account. The t of the INS data requires a slightly enlarged direct FM
Cu-O exchange K,q = 81 meV compared with 50 meV adopted in Refs. 4,5. The quality of the

ts remain stable, if longer ranged intersite Cu-Cu and O-O Coulomb interaction terms described
by the Vpp and Vgg  0:2 eV matrix elements are included into the extended FBHM Hamiltonian.
The resulting behaviour for (1;T=290 K) using the exact diagonalization technique described
in Refs. [12, 22] is shown in Figs. 3 and 4. A more detailed study on its T-dependence on the
frustration parameter  will be given elsewhere. With the aforementioned additional intersite
Coulomb interactions mapping the spin states of the extended FBHM onto a J;-J,-J3 spin-1/2
Hamiltonian, we arrive at J; = 219 K, J, =58 K and J3 = 1:4 K (Vpg = 0:65 eV only)
as well as J; = 226 K, J, =57 Kand J3 = 3:3 K in the second case with V,q = 0:95 eV
and Vgq; Vpp included. Both sets of exchange integrals are in accord with the INS data and
the L(S)DA+U-FPLO predictions [14, 22], if U = 6 eV [23] is adopted (to be compared with
Ugq =8.5 eV in the extended FBHM). In fact, J; = 215K, J, =67 Kand = 0:31 are within
the experimental error bars of the INS-data whereas the GGA+U results reported by Xiang et
al. [21] are slightly o with: J; = 167 K, J, =85 K and = 0:52 and even more 0 is a recent
quantum chemistry calculation [10] which predicted J; = 142 K, J, =22 K and = 0:15,
only. The smallness of J; obtained in the same order also in the LSDA+U calculations justi es
its neglect in tting the INS-data. The most stringent check for our new parameter set for the
extended FBHM approach is expected from the analysis of (1) and EELS data in future at
low-temperature and also in magnetic elds [22]. Also a microscopic analysis of various exchange
anisotropy related problems is still lacking. We hope that the reported re ned isotropic exchange
integrals provide a good starting point to address these issues in near future. A comparison with
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Figure 3. Calculated longitudinal optical

conductivity within the extended FBHM for Figure 4. The same as in Fig. 3 for the
an open CusO;, cluster at room temperature tranversal polarization with the electric eld
compared with experimental (1)-curves. vector k to the c-axis.
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s The energy range near 3 eV and the
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- excitation of Zhang-Rice singlets (i.e.
4 inter-plaquette excitations) at nite
— T, only, whereas the triplet excita-

7 tions occur near 4 eV [11] below the
Energy (eV) main peak near 4.6 eV caused by
intra-plaquette excitations.

other ESCC compounds with di erent exchange integrals will be helpful to achieve more insight
into the magnitude and the role of the various involved ferromagnetic interactions Kq; Kpp; Kad,
and the Hunds’rule coupling J4 between the two planar O 2p orbitals as well as into the relation
between the on-site repulsion Uy in the extended FBHM and the U employed in the L(S)DA+U.
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