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reach a stage where semi-quantitative comparison is made between the theoretical spectra

characteristics of the method are reviewed. The wavefunctions obtained with the DV-X «
method can assign the peaks in XANES and provide a basis for understanding the

‘ production mechanism of XANES. Some discrepancies between the experimental results
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‘ Molecular Orbital Method for XANES

Hirohide NAKAMATSU and Takeshi MUKOYAMA
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On applying the XANES (X - ray Absorption Near-Edge Structure) spectra to basic and
practical studies of materials, the theoretical framework of XANES is far from the

established one. The first-principles calculations such as the molecular orbital calculations

| and the experimental ones. The results with the DV - X @ molecular orbital method and
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and the theories are shown. The first-principles methods are expected to make progress in 1

understanding of XANES.
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Fig. 1 Theoretical” and experimental® spectra of the
N K X-ray absorption for Nz the broken line
indicates the experimental, the solid line the
theoretical and the length of perpendicular bar
is proportional to oscillator strength. The zero
energy corresponds to the ionization energy.
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Fig. 2 Sulfur L. X-ray absorption spectra for SFs: (a)
theoretical spectra and levels'® and (c) exper-
imental spectrum'. The vertical bar is propor-
tional to oscillator strength. The zero of energy
is the ionization threshold.
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Fig. 3 Fluorine K X-ray absorption spectra for SFe
(a)theoretical spectrum and levels,' and (b)
experimental."
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Fig. 4 Theoretical” and experimental' spectra of the
Cr K X-ray absorption for CrOf~. The other
captions are the same as Fig. 1.
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Fig. 5 Chlorine K X-ray absorption spectra: exper-
imental one for NaClO/® and theoretical one for
Clo,.™®
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Fig. 6 Cu K-edge spectrum for [Cul] Br. (L=1, 4, 8,
11~ tetraazacyclotetradecane) in aqueous solu-
tion. Each vertical bar is proportional to oscil-
lator strength.”
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Fig. 8 Calculated Mg-L:; edge EELNES for MgO® in
comparison with experimental spectra. *
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Fig. 7 Experimental X-ray absorption spectra from
outermost p shell of K, Rb and Cs.® The
arrows 3 and 3’ indicate the positions of the d
state peaks in the density of states which is
derived cluster calculations.?”
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Fig. 9 Cross sectional view of potential (a), Cross
sectional view (b) and surface view (c) of 21 0.
wavefunction for the theoreticai N, XANES
spectrum in Fig. 1. Mark . indicates area of
reverse curvature (see Text).
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Fig. 10 Contour plots of resonance wavefunctions of
21 0. (a) and 14 7, (b) for the theoretical N.
XANES spectrum in Fig. 1. The nitrogen
atoms are at *1 au on the z-axis. The
brightest and darkest parts mean the top and
bottom of the wavefunctions.
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Fig. 11 Resonance in a one-dimensional system with
a Coulomb potential: (a) potential, (b) real and
{c) imaginary parts of wave function and (d)
squared wave function.
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Fig. 12 Schematic diagram of: (a) a wavefunction for
EXAFS and (b) a potential.
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Fig. 13 Surface and contour plots of schematic
shapes of a real potential and a muffin-tin
potential.
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