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Electronic Structure of La2Cu04 in the Self-Interaction-Corrected Density Functional Formalism
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The electronic structure of tetragonal LaqCu04 is calculated in the self-interaction-corrected (SIC)
local spin density (LSD) approximation. In contrast to LSD, the SIC-LSD approach reveals the experi-
mentally observed antiferromagnetic and semiconducting ground state. The energy gap is 1.04 eV and
of indirect charge-transfer character, and the Cu moment is 0.47pg. The valence-band top states have
about equal weight on the in-plane and out-of-plane 0 atoms. This region is dominated by 0 states not

coupling to the Cu d states, but with a significant component of 0 states having Cu d-like symmetry.

PACS numbers: 71.2S.Tn, 71.SO.+t, 7S.20.Hr

With the discovery of superconductivity in the copper
oxide systems large efforts have been made to understand
the electronic properties of these materials [I]. Electron-
ic band-structure calculations of the basic La2Cu04 and
YBa2Cu306 compounds using the local spin density
(LSD) approximation to density functional theory (DFT)
fail in predicting their antiferromagnetic and semicon-
ducting ground state [I], but describe the cohesive prop-
erties and phonon frequencies rather well [2]. The situa-
tion resembles that of the Mott insulating 3d monoxides
MnO, FeO, CoO, and Ni0, which are known to be wide-

gap insulators but in LSD theory appear as metals (FeO
and CoO) or small-gap semiconductors (MnO and NiO)
[3]. Recently, it was demonstrated that much better
agreement with experiments is reached for the 3d monox-
ides provided the self-interaction of each electron is sub-
tracted [4]. The origin of the failure of LSD theory can
be traced back to the mean-field character of the Kohn-
Sham equations [5,6], by which the same potential is

used to describe both valence and conduction electrons.
Consequently, when DFT in the LSD approximation is

taken one step beyond its formal justification, and the
Kohn-Sham one-electron eigenenergies are used for com-
parison with experiments, there will be only minor
differences between addition and removal energies. In

particular, for Mott localized systems, the separation be-
tween electron and hole excitations —being of the order
of the on-site Coulomb interaction U [7]—is missed.

The self-interaction-corrected (SIC) LSD approxima-
tion [8] provides a scheme by which the localization of
electron states may be described [5]. Applied to the 3d
rnonoxides, the SIC shifts the occupied d states down

significantl, essentially by U, but leaves the unoccupied
d states largely unaltered. This mechanism leads to the
formation of large gaps of charge-transfer character in

the 3d monoxides in agreement with experiment [4]. It is

likely that the Cu-0 superconductors, at least in their
pure phases, have properties similar to those of the 3d
monoxides, which motivates the present study of tetrago-
nal La2Cu04 in the SIC-LSD approximation.

In the SIC-LSD approximation a localized electron
moves in a potential, which consists of the usual mean-
field-type LSD potential plus a correction for the elec-

tron's self-interaction, which erroneously is included in

the LSD part:
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(atomic Rydberg units). In Eq. (I) there appears a set of
Lagrange multipliers, k, „(e,—=X, ,), to ensure orthonor-
mality among the occupied orbitals. In Eq. (2) the
second and third terms on the right-hand side represent
the self-Hartree and self-exchange plus correlation in-

teractions. For an extended state the self-interaction van-
ishes. In the study of atoms [8] and small molecules [9]
it has been demonstrated that the SIC-LSD eigenenergies
e„ in Eq. (I) are closer to physical removal and addition
energies than the corresponding LSD eigenvalues; i.e. ,

Eq. (I) in fact is also a better approximation to the quasi-
particle equation than the Kohn-Sham equations of LSD
theory. Pederson and co-workers in addition found that
diagonalizing the X matrix (instead of taking just the di-

agonal elements) improves further the agreement with

physical removal energies, and they proved that a Koop-
man theorem exists for the corresponding orbitals [9].
Here we follow their approach to obtain the removal and
addition energies of LaqCu04. For a periodic solid this
restores the Bloch picture; i.e., a hole is delocalized:
From Eq. (I) it follows that X, , =(+,

j

—A+ V, j+„), so
that the on-site k's may be interpreted as the energy of a
localized hole and the oA'-diagonal X's as hopping ampli-
tudes. It is important to stress, though, that SIC LSD
remains an approximate theory for the ground state, and
much of the multiplet structure and final-state effects
relevant in photoemission experiments may not be proper-
ly described.

The solution of the SIC equations is done iteratively
[4]. We apply the linear-muiIin-tin-orbital method in the
tight-binding representation [10]. Partial waves of s, p,
and d character (plus f for La) are included in all

spheres, which include empty spheres [11]. The localized
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states) contribute significantly in the entire valence-band
region. In particular, a large non-d-like contribution
enters the top valence structure. This has important im-
plications for doped La2Cu04. On doping, the uppermost
valence states will be emptied, i.e., the holes will reside
predominantly on 0 sites, in accordance with experiment.
The holes will, however, be neither entirely of d-like sym-
metry nor strictly confined to the basal CuOq planes.
Therefore, these results suggest that model studies of the
superconductivity in doped La2Cu04 in fact should in-

corporate all 0 degrees of freedom.
In summary, we have presented calculations of the

electronic structure of La2Cu04 in the SIC-LSD approxi-
mation. The correct antiferromagnetic and semiconduct-
ing ground state is reproduced in this approximation, in

contrast to the conventional LSD approximation. Good
quantitative agreement with experiment is found for the
Cu magnetic moment as well as for the energy gap and
other electron excitation energies. The SIC-LSD ap-
proach is quite generally applicable to systems with local-
ized states. The accuracy of the scheme needs to be
tested in future investigations. In particular, for the
YBa2Cu30s+s compounds it is of interest to see if the
SIC-LSD approximation, on the one hand, predicts the
semiconductivity for b 0 and, on the other hand,
preserves the successes of the LSD approximation in cal-
culations of total energies and Fermi surface of the 8=1
compound.
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