
 

title of module  Module 4: Concepts of Spectroscopy 1 

 

credit points 9  available in semester(s) 1 

hours per week 8  compact course  
     

lecturer(s) M. Havenith, C. Müller, S. Ebbinghaus 

  

teaching methods 
 

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

  

evaluation of learning 
progress  

active participation during lectures, weekly written short 
tests (15min), homework corrected by teaching assistant, 
interactive presentation of homework during exercises 

  

mode of examination  2-hour end-of-term written exam 

  

learning objectives The course aims to provide theoretical and practical 
knowledge on modern linear and nonlinear 
spectroscopic methods (time- and frequency-domain) 
which allow for the elucidation of molecular structure 
and dynamics in different environments. The course 
material covers the application of single-, double- and 
triple-resonance laser spectroscopic techniques from the 
THz to the VUV wavelength region to the study of 
molecules and their interactions in molecular beams, 
Helium nanodroplets, rare gas matrices, the liquid phase 
and at interfaces. The accompanying lab course is 
intended to foster the practical understanding of the 
laser spectroscopic techniques and their application in 
ongoing research projects through an hands-on 
approach. 

  

soft skills  
 

interactive presentation in front of an audience, 
notetaking during lectures, independent post-
preparation study of module contents and reading the 
relevant literature 
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contents of module 1. The electromagnetic spectrum, theory of generation 
and properties of ns, ps, and fs laser pulses, tunable 
pulsed and cw lasers, pulse duration, spectral bandwidth, 
Fourier transformation. 
 
2. Line broadening mechanisms and their removal: rare 
gas matrix, supersonic jet expansion, molecular beam, 
Helium nanodroplet. 
 
3. Molecular symmetry, point groups, molecular 
symmetry groups. 
 
4. Rotational spectroscopy: linear, symmetric, spherical, 
and asymmetric rigid rotor molecules, rotational 
infrared, millimeter, microwave and rotational Raman 
spectra, microwave-microwave optical double-resonance 
spectroscopy, structure determination from rotational 
constants, determination of conformational geometries. 
 
5. Vibrational spectroscopy: diatomic and polyatomic 
molecules, infrared and Raman spectra, vibrational 
selection rules, normal mode analysis (Wilson FG matrix 
method), effective and exact molecular Hamiltonians, 
direct and inverse determination of potential energy 
functions (torsion, pseudo-rotation and inversion model 
potentials, RKR and Shapiro methods), intramolecular 
vibrational redistribution (IVR). 
 
6. Electronic spectroscopy: diatomic and polyatomic 
molecules, electronic and vibronic selection rules, one- 
and multi-dimensional Franck-Condon analysis 
(Duschinsky effect, vibronic coupling: Herzberg-Teller 
and Born-Oppenheimer coupling), intramolecular 
nonradiative processes (internal conversion, intersystem 
crossing), curve crossings and conical intersections. 
Frequency domain methods: LIF, R2PI, SVLF, SEP, 
IR/Raman/SEP Population Transfer spectroscopy, UV 
hole-burning, RIDIR/FDIR spectroscopy, Stimulated 
Raman spectroscopy, CARS, Transition State 
spectroscopy (negative ion photodetachment), velocity 
map ion imaging, cavity ring-down spectroscopy, 2D-IR 
spectroscopy. 
Time-domain methods: TCSPC, fs-Pump-Probe.  
 
7. Photoelectron spectroscopy: ionization process and 
Koopmans' theorem, molecular UV photoelectron spectra 
in the frequency-domain, Franck-Condon analysis, ZEKE 
spectroscopy. 
 
8. THz spectroscopy: solute-solvent interactions, simple 
interaction models, enzyme interaction dynamics  

 


