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Electronic Structure of NiO

Three recent Letters!™ have addressed anew the
problems posed by the determination of the electronic
structure of NiO. These papers focus particularly on
the questions of the origin of the —~—4-eV absorption
edge, the magnitude of the correlation energy U, and
the width W, of the d band. The conclusions of the
Letters are markedly different. The band-structure
calculation of Terakura eral'* predicts U;~ W,
~1-2 eV and a 0.3-eV gap separating occupied from
empty dstates. The —~—4-eV edge is ascribed to transi-
tions out of the oxygen 2p states into the d band.!*
Sawatzky and Allen? find experimentally that the in-
trinsic charge-transfer gap in NiO is 4.3 eV. They also
show their results to be consistent with local-cluster
theory’ giving U, ~7-9 eV and an identification of
the gap in terms of predominantly d® +d® — @®L +d°
intercluster transitions (L denotes a ligand 2p hole).?
McKay and Henrich® implicitly assign the ~4-eV gap
to d8 +d® — d7 +d° excitations in the course of deter-
mining Uy;=2.7 eV and U;/ W, > 3.

To support the contention that U, is in the range
1-2 eV, Terakura et al"* recall earlier data® suggest-
ing the presence of empty states within the gap in oxi-
dized Ni, and also results’ of resonant Raman scatter-
ing (RRS) by two-phonon and two-magnon excitations
in NiO. McKay and Henrich® also refer to these
works®7 as providing evidence against large values of
U,;. The reported® structure in the gap was recently
shown not to be intrinsic to NiO.? In this Comment, I
show that the link between the RRS data and
U, —1-3 eV does not actually exist. The correct in-
terpretation of RRS leads rather to agreement with
local-cluster calculations® which put U, in the range
7-9 eV.%3 The available evidence provides a defini-
tive answer to the question of the nature of the —4-
eV gap.

In the —1.9-3.8-eV range of photon energies, the
RRS spectra of NiO show a factor of ~ 100 enhance-
ment of all two-phonon features and a flat response of
the two-magnon peak.” Two-magnon RRS in transi-
tion-metal compounds probes the contribution of d or-
bitals to the initial state of an allowed optical transi-

tion.” Accordingly, the absence of a two-magnon reso-
nance indicates that the gap is due to largely 2p — 3d
excitations,’ i.e., either d® — d°L or d®+d®— d’L
+d°. This identification is the main and only con-
clusion that can be drawn from the RRS data. Con-
trary to what is indicated in Refs. 1, 3, and 4, RRS
does not bear on the question of the presence of emp-
ty d states close to the top of the valence band in NiO.

At the time the RRS experiments were reported,
they appeared to be in conflict with the then widely ac-
cepted assignment of the photoemission peaks at —2
and —3.5 eV below the Fermi level to final states of
the d’ configuration.® This situation might have led to
the belief’">* that the RRS data imply U; ~1-3 eV.
In fact, the most recent photoemission work?? is con-
sistent with the RRS results. All the evidence together
strongly point to a predominantly d® +d® — 4®L +d°
character of the —4-eV gap.

This work was supported by the U.S. Army Research
Office under Contract No. DAAG-29-82-K0057.

R. Merlin
Department of Physics
University of Michigan
Ann Arbor, Michigan 48109

Received 27 December 1984
PACS numbers: 71.30.+h, 75.10.Lp, 78.30.Gt

1K. Terakura, A. R. Williams, T. Oguchi, and J. Kiibler,
Phys. Rev. Lett. 52, 1830 (1984).

2G. A. Sawatzky and J. W. Allen, Phys. Rev. Lett. 53,
2339 (1984).

3]. M. McKay and V. E. Henrich, Phys. Rev. Lett. 53,
2343 (1984).

4K. Terakura, T. Oguchi, A. R. Williams, and J. Kiibler,
Phys. Rev. B 30, 4734 (1984).

5A. Fujimori and F. Minami, Phys. Rev. B 30, 957 (1984).

6R. Scheidt, M. Gloebl, and V. Dose, Surf. Sci. 112, 97
(1981).

7R. Merlin, T. P. Martin, A. Polian, M. Cardona,
B. Andlauer, and D. Tannhauser, J. Magn. Magn. Mater. 9,
83 (1978); R. Merlin, J. Phys. (Paris) 41, C5-233 (1980).

8See S. Hiifner, F. Hulliger, J. Osterwalder, and T. Ries-
terer, Solid State Commun. 50, 83 (1984), and references
therein.

© 1985 The American Physical Society 2727



