
 

title of module  Module 6: Electronic and Molecular Structure Theory 

 

credit points 9  available in semester(s) 2 

hours per week 8  compact course 
 

     

lecturer(s) C. Hättig 

  

teaching methods 
 

lectures: 2 hours per week 
exercises: 1 hour per week 
practicals: 5 hours per week 
   

evaluation of learning 
progress  

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

  

mode of examination  30 - 45 min end-of-term oral exam 

  

learning objectives Students acquire advanced knowledge of electronic and 
molecular structure theory and quantum chemical methods 
and how these methods can be applied to solve typical 
problems e.g. in thermochemistry, spectroscopy, or 
structure determination. Furthermore, they will learn how 
to judge the accuracy and reliability of methods and how to 
analyse and present results of electronic and molecular 
structure calculations. 

  

soft skills  
 

interactive presentation in front of an audience, note-taking 
during lectures, independent post-preparation of module 
contents, consultation of the relevant literature 
  

FAKULTÄT FÜR CHEMIE UND BIOCHEMIE 

Master Program Molecular Sciences and Simulation 

 



contents of module 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. Complete Active Space Self-Consistent Field 
(CASSCF) and Restricted Active Space self-consistent field 
(RASSCF), choice and validation of active spaces 
 
Multireference methods correlation methods: multi-
reference perturbation theory (CASPT2), Multireference 
configuration interaction (MRCI), 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, Coupled-Cluster 
with Single and Double and Perturbative Triple excitations 
(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. 

 


