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In this document you will find an explanation of the
concepts and applications of band structures, translational
symmetry, crystal orbitals, Bloch functions, wave vectors, the
Peierls distortion, density of states (DOS), crystal orbital over-
lap population (COOP), and Brillouin zones.

Although extended structures starting from molecules as
building blocks have been well elucidated in the literature
(1-4), the concept of energy bands with their related terms
and ideas is often unfamiliar to chemistry students. This
Mathcad document, which has been successfully used for sev-
eral years, acts as an introduction to the theory of band struc-
tures.

This document is best used if the students interactively
learn and practice individually or in small groups until they
master the topic with teacher assistance. The worksheet con-
sists of a main document containing the indispensable parts
of the theory, while more involved, more detailed, and more
mathematical contents are included in files that can be opened
as popups using hyperlinks within the main document. The
problems range from simple visualizations to challenging ex-
ercises.

The level of the document flows from elementary quan-
tum mechanics to research-level topics such as the quantum-
chemical description of three-dimensional crystalline systems.
At the end of the course the student is therefore capable and
encouraged to use our research-level tight binding program
package, BICON-CEDIT, which includes oscillator strength

calculations and many more options. It is available with ex-
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A screen showing the band structure diagram for the 2s(C) orbitals
of a square carbon latftice. At the k-points I', X, and M of recipro-
cal space the crystal orbitals are real, and the corresponding crys-
tal orbital (CO) schemes are shown in the lower part of the figure.

5, A, and Z are lines of high symmetry in reciprocal space con-
necting the k-points. There the COs are not real.
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amples free of charge (5). After working with these docu-
ments students should also be able to understand and to ben-
efit from the research that will still deepen and broaden their
understanding. The document cites useful references.
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