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Trigonal selenium(Se), which is stable at an ambient pressure, is transformed with increasing
pressure into a monoclinic (M-I structure), and from M-I structure into another monoclinic (M-
II structure), from M-II structure into an orthorhombic, from the orthorhombic into a 5-Po type
rhombohedral, from the 3-Po type rhombohedral into a bee. Trigonal tellurium(Te) also has the same
phases under high pressure except for M-I structure. To understand their properties and structural
phase transitions it is very important to investigate their electronic states.

In this thesis first-principles electronic structure calculations have been performed and electronic
states and structural phase transitions has been investigated for all high-pressured phases of Se,
the 3-Po type rhombohedral and bec phases of Te, and Te;_-Sex mixtures of M-I structure. A
full-potential linearized augmented plane wave (FLAPW) method, based on the density functional
theory, has been used.

It is clarified that a trigonal chain is folded on a plane and part of lone-pair (LP) orbitals which
exist on all atoms in the trigonal phase vanish in M-I structure. The rest of LP orbitals vanish
when M-I structure is transformed into M-II structure. It is for the first time that the process of the
successive phase transitions, Se-I — Se-II — Se-III has been explained in the point of a vanishment
of LP orbitals.

M-II structure optimized in the present calculation do not have two kinds of distance for the
nearest neighbors which is observed in the phase of M-II structure of Te. This result leads to a
conclusion that Peierls distortion do not occur in the phase of M-II structure of Se.

For the 3-Po type rhomboledral and bee structures of Se and Te, effects of the LDA and GGA
have been verified and discussed in detail.

For Te;_.-Se, mixtures, a trimer, the apex of which is Te and two neighboring atoms are Se. is
the most stable structure in the calculations. This results well corresponds to experiments.
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