TheUniversity of Western Ontario
Department of Chemistry

CHEM 4474B: Advanced Quantum Chemistry and Spectroscopy
cross-listed as CHEM 9648: Computational Quantum Chemistry
Winter 2021

Course Information
(Tentative; statements of policies will appear in the findikadl version)

Instructor: Viktor N. Staroverov
Office: ChB 063
E-mail: vstarove@uwo.ca
Office hours: by appointment

L ectures: Monday, Wednesday, Friday, 11:30 am — 12:30 pm, ChB 9
Web site: http://ow . uwo.ca

Description: The course offers a practical exposition of electroniccitrre theory methods that are
widely used as aids in chemical synthesis, characterizadod materials research. The lectures are
designed to provide an accessible yet non-superficial stateding of molecular orbitals, basis sets,
density-functional methods, computational thermochésnignd molecular spectroscopy, and applica-
tions of symmetry. The practical component consists oftamiind computer assignments that illustrate
the concepts taught in clad2rerequisite: CHEM 3374A (applies to undergraduate students only).

Objectives: The course is intended for chemistry and science studerdsntdnd to apply computational
chemistry tools in their research and wish to:

(a) understand the capabilities and limitations of modemmngum chemistry;

(b) learn how to calculate molecular properties and stuayrébal processes usirigaussian 09

(c) have a good idea of how principal quantum-chemistry wathwork;

(d) know how to choose an appropriate methodology and prgsen findings in a research paper;
(e) appreciate the role played by electronic structurertheomany branches of science

M ethod of evaluation:

Assignments (6 in total) 30%
Midterm test 1 (in class, open book) 10%
Midterm test 2 (in class, open book) 10%
Take-home mini-project in computational chemistry 10%
Final exam (open book) 40%

Course materials: All course materials will be distributed or provided as krtk online resources.

Recommended texts:

1. J. B. Foresman and A. FriscBxploring Chemistry with Electronic Structure Metho@sd ed.,
Gaussian, Inc., Wallingford, CT, 2015.

2. 1. N. Levine,Quantum Chemistry’th ed., Pearson—Prentice Hall, 2013.
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Coursetopics

. Introduction. Basic principles of quantum mechanics. One-electron &thger equation and

methods for finding its exact and approximate solutions.

Symmetry in quantum chemistiyymmetry of molecules, orbitals, and electronic wave fions.
Irreducible representations. Character tables. Symmeaitiid.

. Quantitative molecular orbital theoryMany-electron Sclidinger equation. Slater determinants,

Hartree—Fock self-consistent field method. Calculation ofecular orbital diagrams. Localized
and delocalized molecular orbitals. Semiempirical meshddhe Hickel approximation.

. Basis setsSlater-type and Gaussian-type orbitals, plane waves. SEaubasis set nomenclature

(STO-3G, 6-31G*, cc-pVQZ, etc.) Polarization and diffusedtions. How to choose a basis set.

Spin in quantum chemistrySpin eigenfunctions (singlets, doublets, triplets, et&tpmic and
molecular term symbols.

. Post-Hartree—Fock method<Correlation energy. Configuration interaction, perturbatioeory,

coupled-cluster theory, and other techniques. Model chigies.

Density-functional methodsHohenberg—Kohn theorems. Kohn-Sham scheme. Exchange and

correlation functionals. Empirical and nonempirical dgrtunctional approximations: the local
density approximation, generalized- and meta-generhlizadient approximations, hybrid func-
tionals, range-separated hybrids. Popular density-iomat approximations (B3LYP, PBE, etc.),
their origin and scope of applicability. Choosing the densfiinctional approximation.

Standards for reporting quantum-chemical calculatioB®od practices for ensuring reproducibil-
ity. Numerical accuracy considerations. Computationahubty databases.

. Potential energy surfaced/olecular geometry optimization. Stationary pointsembediates and

transition states. The symmetry-breaking dilemma.

Computational thermochemistryPrediction of atomization energies, standard enthalpider-
mation, standard free energies, oxidation and reductigenpials, equilibrium and dissociation
constants.

Computational spectroscopsimulation of electronic, vibrational and electronic spa (absorp-
tion and emission). Time-dependent density-functionabtir. Treatment of solvation effects.

Analysis of electron distributions in molecule€alculation of atomic charges and bond orders.
Atoms in molecules.

Tentative schedule of assignments and exams

Assignments due:  January 25, February 1, February 8, March 15, March 22, M2%gch

Midterm test 1: Wednesday, February 10, 11:30 am (in class)
Midterm test 2: Wednesday, March 10, 11:30 am (in class)
Project presentations:Friday, April 2 and Monday, April 5

Final exam: 3 hours, to be scheduled by the Registrar



