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Abstract

The electronic structure and chemical bonding of B-MnQ, were theoretically investigated by DV-
X, (the discrete variation X,,) method, which is a sort of the first principle molecular orbital method
using Hatre-Fock-Slater approximation. The calculations on several cluster models having different
sizes were carried out for the determination of a model suited for analyzing bulk state. The Mn,;Os
model was selected as a sufficiently suitable model for the calculation of electronic state and chemical
bonding by the comparison of the calculated XPS (X-ray photo-electron spectrum) and experimen-
tally measured XPS. By using this model, the electron energy level, the density of state, the bond
overlap population, the charge density distribution, and the net ionic transfer between cations and

anions were calculated and discussed.
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Table 1. The fractional coordinates of independent
sites, the Wyckoff letter and the valence state of B-
MnO,.”*

Valence = Wyckoff
Atom state letter Y z
Mn 4 2a 0 0 0
0O ~2 4f 03046 03046 0O

AAHE AU AT, AR} e a=4404 A,
c=2876 Aol DA E g 2749 B} w9
(z=2)F AL ot V=9 FRE, Wyckoff 7]
2 A27}7} Table 194 vieht gle} 19 o] AR
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Fig. 1. Models used for the calculation on electronic
states of B-MnQ,. (a) MnOy, (b) Mn;,0,, ()Mn,;O0x.
Small black sphere means Mn atom and big white
sphere means O atom.
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Fig. 2. The comparison of XPS of B-MnO, directly
measured and that calculated by DV-X, method.
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Fig. 3. The schematic diagram of molecular orbital
levels calculated sing MnQOg, Mn, O, and Mn,;O4
models. Sold lines mean the electron-occupied levels
and dotted lines mean the unoccupied levels. The
energy values of all levels appear as relative values
to HOMO level having the value of 0eV. Each
model has a pair of level diagrams corresponding to
up- and down spins.
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Fig. 4. DOS (Density of state) calculated using
Mn,O,, cluster model. The unit of DOS is eV~ per
unit cell. The positive value corresponds to up-spin
state and the negative value corresponds to down-
spin state.
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Fig. 5. The wave function of LUMO calculated us-
ing Mn;O,; model having an oxygen atom in the
center position, In this figure the interaction of Mn-
O-Mn appears.
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Fig. 6. The deformation electron density distribution map calculated using Mn O, model. (a) the defor-
mation density of up-spin composing ® bonding, (b) the deformation density of down-spin composing ¢
bonding, and (c) the deformation density of all levels, corresponding to the summation of (a) and (b). The
deformation density is defined as the difference between the electron density calculated and the electron
density corresponding to free atoms. A solid line means a positive value and a dotted line means a negative

value.
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Fig. 7. The overlap population diagram of Mn-O
bond calculated using Mn,;O;;, model.
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