
Concepts of Spectroscopy 1 
Code No. 
Module 4 

Workload 
270 h 

Credit points 
9 CP 

Available in semester 
1 

Frequency 
each WiS 

Course duration 
1 semester 

1 Teaching methods 
a) Lectures 
b) Exercises 
c) integrated 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 understand the theoretical and practical aspects of modern linear and nonlinear spectroscopic 
methods (time- and frequency-domain) for the elucidation of molecular structure and dynamics in different 
environments. They are able to explain the application of laser spectroscopic techniques from the THz to 
the VUV wavelength regions to the study of molecules and their interactions in molecular beams, Helium 
nanodroplets, rare gas matrices, the liquid phase, and at interfaces. They are proficient in selecting 
suitable laser-spectroscopic techniques and applying them to specific problems in ongoing research 
projects. 

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 plan and conduct experiments in the field of 
rotational, vibrational, electronic, and photo-electron spectroscopy  

Develop study and experimental strategies, independently assess their effectiveness, and adapt/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 in quantum chemistry, quantum mechanics, spectroscopic techniques and the necessary 
mathematical formalism 

5 Evaluation of the learning process 
Active participation during lectures, weekly written short tests (15min), homework corrected by teaching 
assistant, interactive presentation of homework during exercises 

6 Mode of examination 
2-hour end-of-term written 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 written examination and acceptance of lab reports 

8 Significance for overall grade  
The total grade is obtained from a CP-weighted average of the exam (5 CP) and the lab report (4 CP) 
grades according to the examination regulations, §7 

9 Module contents  
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 spectra, 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, double resonance techniques, intramolecular vibrational redistribution (IVR). 

6. Electronic spectroscopy: diatomic and polyatomic molecules, electronic and vibronic selection rules, 
one- and multi-dimensional Franck-Condon analysis, intramolecular nonradiative processes (internal 
conversion, intersystem crossing), curve crossings and conical intersections. Frequency domain methods 
(e.g. LIF), Transition State spectroscopy (negative ion photodetachment), velocity map ion imaging. 

7. Photoelectron spectroscopy: ionization process and Koopmans' theorem, molecular UV photoelectron 
spectra in the frequency-domain, Franck-Condon analysis, ZEKE spectroscopy. 

10 Person in charge / Lecturer(s) 
Prof. Dr. Havenith-Newen 

M. Havenith-Newen, K. Morgenstern, P. Nürnberger, C. Herrmann 

 


