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A One-Slide Summary of Quantum Mechanics
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Constructing a 1-Electron Wave Function

The units of the wave function are such that its square is electron per
volume. As electrons are quantum particles with non-point distributions,
sometimes we say @ensityQor @robability densityOinstead of electron per
volume (especially when there is more than one electron, since they are
indistinguishable as quantum particles)

For instance, a valid wave function in cartesian coordinates for one electron
might be:
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Constructing a 1-Electron Wave Function

A valid wave function in cartesian coordinates for one electron might be:
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This permits us to compute the
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Constructing a 1-Electron Wave Function

To permit additional flexibility, we may take our wave function to be a linear
combination of some set of common asisOfunctions, e.g., atomic orbitals
(LCAO). Thus
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For example, consider the wave
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function for an electron in a CbH bond. O:
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It could be represented by s and p
functions on the atomic positions, or s
functions along the bond axis, or any
other fashion convenient.
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Constructing a 1-Electron Wave Function

To optimize the coefficients in our LCAO expansion, we use the variational
principle, which says that
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which is minimized by one root E of the Gecular equationO(the
other roots are excited states)N each value of E that satisfies the
secular equation determines all of the a; values and thus the shape
of the molecular orbital wave function (MO)
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What Are These Integrals H?

The electronic Hamiltonian includes kinetic energy, nuclear attraction, and,
iIf there is more than one electron, electron-electron repulsion
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The final term is problematic. Solving for all electrons at once is a
many-body problem that has not been solved even for classical
particles. An approximation is to ignore the correlated motion of the
electrons, and treat each electron as independent, but even then, if
each MO depends on all of the other MOs, how can we determine
even one of them? The Hartree-Fock approach accomplishes this
for a many-electron wave function expressed as an
antisymmetrized product of one-electron MOs (a so-called Slater
determinant)



Choose a basis set'
Choose a molecular geometry q(O)'

Compute and store all overlap
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One MO per root E



Approximating Slater Functions with Gaussians
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