European Summer School ^Ab initio modelling in solid-state chemistry~

Torino, September 2000

An introductoryguide to Gaussian basis sets in solid-state electronic structure calculations �

Mike Towler

Theoryof Condensed Matter Group

Cavendish Laboratory, Universityof Cambridge, U.K.

The purpose of these notes is to provide some insight into Gaussian basis set technology as implemented in the CRY STAL Hartree-Fock/density functional theory program for periodic systems 1 . Essential differences between basis sets appropriate for use in solids and those used in purely molecular codes are explained. Examples of how to choose appropriate basis sets for particular problems, hints on basis set development, and some simple exercises are also included.

1. Basis set expansions

In order to calculate molecular or crystalline structures and properties, it is necessaryto determine the eigenfunctions Y and eigenvalues E of the Schrödinger equation

� H E Y Y = . (1.1)

where � H is the electronic Hamiltonian. For systems of interest in chemistry, analytic

solutions to this problem are impossible to find, and so one normallyresorts to the

variational approach involving the introduction of a trial wave function

( )

a Y that depends on a set of variable parameters { a }. If the functional

E

H

( )