
Electronic and Molecular Structure Theory 

Code No. 

Module 7 

Workload 

270 h 

Credit points 

9 CP 

Available in semester 

2 

Frequency 

each SuS 

Course duration 

1 semester 

1 Teaching Methods 

a) Lectures 
b) Exercises 
c) Practical 

Hours per week 

a) 2 h 
b) 1 h 
c) 5 h 

Contact time 

120 h 

Self-study 

150 h 

2 Learning objectives  

Students possess advanced knowledge of electronic and molecular structure theory and quantum 
chemical methods and are able to apply these methods to solve typical problems e.g. in thermochemistry, 
spectroscopy, or structure determination. The can judge the accuracy and reliability of methods, and are 
skilled in analyzing and presenting results of electronic and molecular structure calculations. 

3 Soft skills: methodological, self, social competences 

Structure, summarize, and revise principal lecture contents, identify and consult relevant literature; 
interactively present in front of an audience; independently select and apply quantum-chemical methods to 
typical problems, e.g. structure optimization, spectroscopy, reaction and activation energies, entropies, 
enthalpies and free enthalpies 

Enhance study and experimental strategies, independently assess their effectiveness, and optimize them 
as needed; consolidate the ability to take up suggestions by peers and supervisors 

Learn and work cooperatively, effectively communicate scientific contents to peers; work in teams to 
overcome scientific challenges 

4 Prerequisite(s)  

Basic knowledge about quantum mechanics of many-electron systems (electronic Hamiltonian, Pauli 
principle, Born-Oppenheimer approximation, Hartree-Fock theory, Rayleigh-Schrödiner perturbation 
theory) and the concepts of chemical bonding (LCAO theory, MO diagrams) 

5 Evaluation of the learning process 

Active participation, homework corrected by teaching assistant, presentation and discussion of homework 
and results from practicals in exercise session 

6 Mode of examination 

30 - 45 min end-of-term oral exam on the content of the lectures, and graded lab reports handed in during 
the term on the integrated practicals 

7 Requirements for acquiring credit points  

Passing the oral examination and acceptance of lab reports 

8 Significance for overall grade  

Weighted according to CPs 

9 Module contents  

Many-electron wavefunctions: quantum mechanical description of many-particle systems, Pauli principle, 
Slater determinants, matrix elements for Slater determinants and many-electron wavefunctions  

Second quantization (particle number representation): Fock space and occupation number vectors, 
creation and annihilation operators, representation of one- and two-electron interactions in second 
quantization, representation of excited determinants, spin free operators  

Self-consistent field (SCF) and multi-configurational self-consistent field (MCSCF) methods: Hartree-Fock 
and coupled perturbed Hartree-Fock equations in second quantization, solution of HF equations, 
exponential parameterization of unitary transformations, MCSCF methods as e.g. CASSCF and RASSCF, 
choice and validation of active spaces  



Multi-reference correlation methods: multi-reference perturbation theory, CASPT(2), multireference CI, 
internally and externally contracted variants, construction of the many-particle basis functions  

Coupled-Cluster methods: the coupled-cluster wavefunction ansatz and its properties, the projected 
Schrödinger equation, size-consistency, the standard coupled-cluster models, perturbative triples 
corrections, CCSD(T)  

Explicitly-correlated F12 methods: static and dynamic correlation, explicitly correlated wavefunctions, R12 
ansatz of Kutzelnigg, modern F12 methods, MP-F12 and CCSD-F12  

Efficient methods for large systems: direct methods, integral screening and approximations  

Application of quantum chemical methods to typical problems, e.g. structure optimization, ionization 
energies, electron affinities, UV and CD spectra, IR and Raman spectra, reaction and activation energies, 
entropies, enthalpies and free enthalpies. Basis set convergence and accuracy of quantum chemical 
methods, additive correction schemes. 

10 Person in charge / Lecturer(s) 

Prof. Dr. C. Hättig 

 


