
 

title of module  Module 7: Concepts of Spectroscopy 2 

 

credit points 9  available in semester(s) 2 

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, 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 Students learn spectroscopic techniques to investigate 
biomolecular structure, dynamics and interactions. The 
accompanying lab course is intended to foster the 
practical understanding of spectroscopic methods using 
biomolecular model systems. Students are integrated in 
ongoing research projects through a hands-on approach. 

  

soft skills  
 

interactive presentation in front of an audience, 
notetaking during lectures, unsolicited post-preparation 
of module contents, unsolicited consultation of the 
relevant literature 
  

FAKULTÄT FÜR CHEMIE UND BIOCHEMIE 

Master Program Molecular Sciences and Simulation 

 



contents of module 1. Optical Properties of Biomolecules: 
Interaction of biomolecules with light across the 
electromagnetic spectrum; Linear IR and UV/VIS 
spectroscopy, Examples: Haem, Flavin, Chlorophyll, NAD, 
RNA, DNA, Cofactors 
 
2. Basic Fluorescence Techniques:  Fluorescence markers 
and their characteristics, Labeling and Linking 
Techniques, environmental effects, fluorescence 
molecular sensors, other photo-induced non-fluorescent 
states of fluorophores, polarization and rotational 
measurements of molecules, Fluorescence Lifetime 
Techniques, Förster resonance energy transfer (FRET), 
Fluorescence recovery after photobleaching (FRAP) 
 
3. Chiroptical Spectroscopy: Optical rotatory dispersion, 
Chircular dichroism  
 
4. Nuclear Magnetic Resonance (NMR) Spectroscopy: 
NMR based structural analysis, Pulsed NMR, Correlation 
Spectroscopy (COSY), Nuclear Overhauser effect 
spectroscopy (NOESY), Electron paramagnetic resonance 
 
5. Mass Spectrometry: 
Matrix associated Laser Desorption/Ionization - Time of 
Flight (MALDI-TOF), Electrospray ionization - mass 
spectrometry (ESI-MS), Structural and Sequence analysis 
using mass, Stability of Unpurified Proteins from Rates of 
H/D Exchange (SUPREX) 
 
6. Single Molecule Spectroscopy: 
Optical single molecule spectroscopy, Fluorescence 
correlation spectroscopy  
 
7. Ultrafast- and Nonlinear Spectroscopy: 
Multiphoton excitation, Wavemixing and other types of 
non-linear spectroscopy, Multidimensional IR 
spectroscopy, Ultrafast spectroscopy, pump-probe 
techniques, fast relaxation methods 
 
8. In-Cell Techniques: NMR , mass spectrometry, 
Fluorescence correlation spectroscopy (FCS), single 
particle tracking 
 
9. Microscopy Techniques: Stimulated Emission 
Depletion (STED), Photoactivated Localization 
Microscopy (PALM) and Stochastic Optical 
Reconstruction Microscopy (STORM), Scanning Nearfield 
Infrared Microscopy (SNIM)  

 


