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ABSTRACT:

The microscopic nature of electrons mainly arises from the outermost
orbiting electrons of the atoms or molecules constituting each crystal. We
consider theoretically these electrons in the complicated crystalline systems
of alkali doped zeolite and barium bismuthéte so as to understand the
microscopic origins related to the optical and magnetic properties of these
materials. It is widely believed that the Hubbard model stimulates many
interesting phenomena such as ferromagnetism, antiferromagnetism, and
metal-insulator transition in appropriate circumstances. 'On  the other hand. it
is well known that the electron-phonon interaction brings about a sharp
metal-insulator transition which doubles the period of the original lattice. In
the case of electron-phonon coupling alone, the Peierls type instability
occurs and the metal becomes an insulator, which is called the charge density
wave (CDW) state. In reality, the aforementioned instabilities stimulate many
exotic phenomena in the many-electron system. For this reason, we consider a
generalized Hubbard model so as to clarify the microscopic origin related to
the optical and magnetic properties of potassium doped zeolite and barium

bismuthate.
Recently, alkali doped zeolites have been prepared from Linde's type

aluminosilicate (LTA) by standard ion-exchange method. This potassium doped
LTA (K-LTA) becomes ferromagnetic depending on electron concentration
- per o-cage, and the observed small moment favors an itinerant electron

picture as the origin of this magnetism rather than the localized one. Both
the ferromagnetic and the optical properties of potassium doped zeolite are

studied from a unified point of view, using a 7;, Hubbard model for electrons
donated from potassium to the o-cage of zeolite.

Within the mean-field theory, it is shown that the ferromagnetic state
occurs even in the half-filled case, in contrast to the literal non-degenerate
Hubbard model, wherein the ground state is widely believed only to become an
antiferromagnetic insulator or a paramagnetic metal. This new property is
due to the interplay of Coulombic interactions with off-diagonal hybridization
between 7;, orbitals. The absorption spectrum of the optical transition from a
low lying Alg level to this 7;, band is also calculated in good agreement with
experimental results.

On the other hand, barium bismuthate (BaBiO;) is a three-dimensional’

CDW type insulator with an energy gap of about 2 eV. This CDW instability in
BaBiO; originates from a frozen breathing-type displacement of oxygen atoms

around the Bi atoms. In other words, the strong electron-phonon interaction
due to the frozen breathing mode of BiOgz octahedron causes the mixed valence

state composed of Bi’* and Bi’*. This new structure appears in all Cartesian



coordinate axes ( x,y and z) with twice the period of the original lattice.

In the case of BaBiO;, the observed spectral shapes near the visible and
infrared regions show a good contrast to a typical absorption edge of an
ordinary insulator such as GaAs. The spectral shape near the visible region
rather resembles the inter-band excitation across the energy gap of an
‘ordinary insulator. While, we also have a long absorption tail extending even
to the near-infrared region. The overall spectrum has a good contrast to the
ordinary CDW type insulator in which only a sharp light absorption occurs
near the visible region. In view of the aforementioned experimental results,

the overall light absorption spectrum in the case of BaBiO; is quite exotic.

For this reason, the near-infrared and visible absorption spectra in a
three-dimensional charge density wave system of BaBiO; are clarified from a
unified point of view by using an extended Peierls-Hubbard model. Within
this model, we introduce the adiabatic approximation for phonons, and the
mean-field approximation for inter-electron interactions. The electron-hole
correlation on the Bi atoms and the classical fluctuation of the oxygen sub-
lattice coordinates are also taken into account, so as to obtain the exciton
effect as well as the thermal fluctuations of the lattice. It is shown that the two
distinct absorption spectra of the optical transitions occur due to the indirect

and direct excitons. These results are in good agreements with experiments.
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