
13 NBO analysis

Return to the formaldehyde example. Perform single-point SCF calculations with 6-31G**
basis set followed up by the NBO analysis of electron density. How does NBO describes
bonding in this molecule? What Lewis structure does it yield? Discuss natural atomic
charges and hybridizations.

Perform the same calculations in 6-31G and 6-31G* bases. Compare the NBO and
Mulliken charges for each basis and describe the trends. Which charges are more robust?

12



14 Hartree-Fock calculations for your project

It is time to start working on the projects. The information about using HPCC cluster and
Q-Chem is available on the course website.

From now on, please prepare your project-related homework assignments in an electronic
form, and make sure you address my feedback.

Write a brief outline of the project explaining your motivation, model system, and ques-
tions you intend to address. Be specific. For example, do not say “see what happens”, rather
“observe the effect of XXX on observable YYYY”. Discuss briefly what type of calculations
you will eventually setup, and what quantities would be of most interest for you and why.

The first step in almost every ab initio study is the Hartree-Fock calculations along with a
detailed analysis of the results. What would we like to learn from Hartree-Fock calculations?

• Prepare an input for your system. Perform single-point HF/STO-3G calculations (or
similar-quality ECP calculations if you have elements beyond 2nd row) and analyze
the orbitals, electronic configuration, symmetry, bonding picture/Lewis structure, etc.

• Perform HF/6-31G* geometry optimization. Analyze the resulting structure as well as
other properties (Koopmans IP, dipole moment, etc).

• Increase the basis set. How fast do Hartree-Fock calculations converge with respect to
the basis set? Are the polarization/diffuse functions important? How does basis set
affect geometries, HOMO-LUMO gap, charge distribution?

This is generic list of questions, and there will be more pointed questions for your project.
For example, if you study clusters, you can discuss how cluster interactions affect monomers,
and also characterize the cluster MOs in terms of the ones of the monomers. If you are
interested in a reaction, you will need to characterize both reactants and products. Feel free
to stop by my office to discuss your ideas.
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