CHEM30014, 2025
Week 1: Computational Chemistry

Computational Chemistry

Schrédinger Equation:
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P Stationary wave function: it depends on all particles within the system; both electrons and
nuclei. Note that we include the word “stationary” here, when the WF is time-independent.

n
H- Hamiltonian: operator containing instructions

E  |Total Energy of the system (eigenvalue)

The wavefunction describes the state of N electrons in the system. Psi is continuous and twice
differentiable.

Integral sums to 1, as the square is a probability density function.

The square of the wavefunction describes particle density; w.r.t. electrons, electron density rho.
(this is observable)
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Calculating Total Energies:

* use six decimal places for Ej
* DO NOT convert to kJ/mol, until the very end. Work in Hartree.
* Calculated energies will be < 0.

Sum of thelkinetic energies| ~ Sum of alllelectron-nucleus

interactions (alwaysE.D
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Sum of the |kinetic energie.f Sum of all electron-electron Sum of all \nucleus-nucleus
of all puclei| interactions (always > 0) interactions (always > 0)
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Schrédinger equation for the hydrogen atom:
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Removing constants, and considering atomic units: m.= h = e = 4ng;= 1

this results in the unit Hartree

Eigenfunctions of the hydrogen atom are called atomic orbitals.

Component |Depends on concerns
Radial n Distance from nucleus (r)
Angular my, [ Angle from nucleus

Orbital: a one-electron wave function in three dimensional space.

MO Theory: The Hartree Product:

Separation of variables to a multielectron wave function results in the hartree product; the
multiplication of the molecular orbitals.
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Electrons are indistinguishable particles, and we can’t really assign them numbers like ‘1’ or ‘2’.
Therefore, we have to account for the number of permutations.

’“M.-:Sne o= @rionic; so we  consides only e ‘neaalive’ OS permuied  Qmetions.

U(1,2) = ¢1(1)$2(2) — p2(1)91(2)

fesonionC

U(2,1) = ¢1(2)B2(1) — ¢2(2)¢1(1) = (T(1,2) /ol

Boson Particle with integer spin (photon, deuterium nucleus)

Fermion Particle with half integer spin (electron, *C nucleus)




