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After the discovery of excellent thermoelectric pedies of the single crystalline
rhombic semiconductor J8e; that are quantified by the dimensionless figurenafrit, ZT,
that appeared to be larger than 1.4 [1], an intenssearch of the indium selenide group has
re-started. The phase diagram of the In-Se syshaw ghe existence of InSe,,Bg;, IN;Se;,
and InSe layeredcrystals. With the increase of the indium contenthie compounds of the
system, the decrease in their symmetry is obseneggther with more complex chemical
bonding in these compounds.

In this work the investigation of thab initio band structure and the spatial electron
density distribution of the In-Se system in thenfeavork of the DFT and the elementary
energy bands concept [2] is presented. It givethegeliable information about the valence
band structure and the peculiarities of the chehfioading in these crystals. The regularities
in the evolution of the elementary energy bandoltuyy is established, together with the
choice of the actual Wyckoff position that is respible for this topology and, at the same
time, for the valence band formation in the InSeS&, IN,Se, and IRSe crystals. The
calculation results show that the localization oft@nsiderable valence electron density
between the respective pairs of atoms takes maak crystals of the system. This indicates
the dominance of the covalent type of bonding @ ¢bnsidered compounds. The calculated
Mulliken’s charges and the degree of ionicity alléevestimate the character of chemical
bonding in these crystals. The largest degree wtity is obtained for the h%e; crystal
which, in comparison with other indium selenidess the largest forbidden energy gap.

In the case of-InSe and IgSe; crystals, the inverse anisotropy of their chemical
bonding in the real space is main factor leadintheoanomalous behavior of the dispersion
law of charge carriers, which manifests itself deva-energy nonparabolicity of the valence
and conduction band extrema [3]. This peculiar shafthe dispersion law of charge carriers
in InsSe is crucial for the creation of the localized eleatcondenson states that seem to be
responsible for the enhanced thermoelectric prgsemf this semiconductor [4,5]. Our
calculation results show that similar peculiaritifsthe dispersion laws occur in the band
spectra of two further layered polytypes of InSgstal, thee-InSe andy-InSe ones, which are
related to the anomalous character of interlayeraction present in these compounds.
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