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where R, is the position vector of the origin unit
cell and E,",,(P0, )nand S ~P(0, n) are the matrix
elements of the Hartree-Pock operator F and the
unity operator, respectively.

The secular equations [Eq. (3)] are solved by
applying the Lowdin orthogonal transformation'
to the basis Bloch functions followed by a direct.
diagonalization of the orthogonal eigenvalue equa-
tions. The resulting wave functions are subjected
to a Lowdin charge analysis. " The elements
of the charge matrix are computed by
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lifted due to the different crystal-field screening
in the various axial directions. Penetration effects
of an atomic orbital on a given center into the
screened field of other nuclei were shown to
lower the
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Huckel method yields good results, as previously
demonstrated. " However, when lattice imperfec-
tions are present (see II),"iterations towards
self-consistency substantially change the final
charges and the energy
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iteration cycle due to charge rearrangement in
all the oceuPied 0+@ bands in the Brillouin zone.
This is a distinct improvement over both non-self-
consistent all-valence electron methods" "and
&-electron models. ""

III. RESULTS

A. Band-structure
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TABLE I. Comparison between experimental and calculated interband transitions for graphite. Energies given in
ev. E J.c and F. ~~

c denote polarization with
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FIG. 5, Partial density of states of graphite.

of o. -g band overlap at the zone center are given
in Table III. Coulson's" analysis of the soft x-
ray spectroscopy data of Chalkin" suggests a
width of 5.0+0.5 eV for the g-valence subband,
in agreement with the present calculation. The
experimental determination of the total valence
bandwidth is rather controversial. Early K-emis-
sion results of Chalkin" suggest a value of about
15-17 eV while ESCA results of Thomas et al."
and of Hamrin et al."suggest values of 31+2 and
30 eV, respectively. The soft x-ray emission
spectra arise mainly from the 2P part of the valence
band (due to the 2P-1s selection rule for K emis-
sion), while the ESCA spectra gives more weight
to the 2s part (a cross-section ratio o„/a» =13
has been suggested). 'i8 9.75 Tf
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FIG. 6. 2s character of the three lowest valence 0

bands along P-I -Q
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The latter energy has been calculated by Goldfarb
and Jaffe'" to be 6.93 eV and by Jordan and Long-
uet-Higgins' to be 7.61 eV. These yield cohesive
energies E, of 8.73 and 8.05 eV, respectively. It
is interesting to observe that using the two special
k points for the hexagonal two-dimensional BZ
calculated by Cunningham, " instead of the 180 k
points in the irreducible zone, we obtained an
error of only 1.1% in the cohesive energy



638 ALEX ZU1VGER

band splitting (Er- —Er+ ) is a measure of the
2Q 3g

departure
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