DOCTORAL STUDIES COURSE UNIT DESCRIPTION

Name of subject Scientific Field Faculty Center/Institute/
Department
Molecular and molecular | Physics N 002 Faculty of Physics | Institute of
compounds theory Chemical Physics
(8 ECTS credits)

Student’s workload Hours Student’s workload | Hours

Lectures 4 Consultations 16
Individual study 170 Seminars 10

Course annotation

Quantum molecular theory. Adiabatic approximation. State functions of many electronic
systems. Methods of investigation of many electronic systems. One electronic approximation.
Huckel method. Hartree-Fock method. Koopmans, Brillouin theorems. Atomic basis functions.
Multicenter integrals in molecular theory. Methods accounting electronic correlation:
multiconfigurational self consistend field method, configuration interaction, coupled cluster,
perturbation theory and valence bond methods. Density functional theory, Kohn-Sham
equations. Time dependent density functional theory. Semiempirical methods. QM/MM,
ONIOM methods. Molecular reactions. Molecular collisions, dynamics of many atomic
molecules. Reaction rates. Energy transfer in molecules. Dynamics in condensed phase, near
the surfaces. Account of solvents. Quantum molecular dynamics.

Group theory and it’s application in molecular quantum mechanics. The description of the
group. Subgroup. Conjugated elements and classes. Isomorphic and homomorphic groups.
Direct product groups. Group presentations. Reducible and irreducible presentations. Schur’s
lemmas. Presentation characters. Projection operators. Symmetry of wave functions.
Classification of eigenfunctions according to the symmetry. Space symmetry ofmolecules.
Point symmetry groups. Classification of vibrational spectra. Vanishing integrals. Applications
of quantum molecular theory. Determination of molecular equilibrium geometry parameters,
dipole moments, molecular electronic potential energy surfaces, atomization energies, reaction
enthalpies, conformational barriers, electronic and vibrational spectra.
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