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Summary of the dissertation 
 

One of the objectives of the FDA’s Process Analytical Technology (PAT) 

initiative is to move the analysis of critical quality attributes (CQA’s) from 

the laboratory towards the manufacturing process environment. Because 

of their non-invasive nature, their ultra-fast analysis, and because of the 

fact that they can transfer light over meters through fiber optics, Near-

infrared (NIR) and Raman spectroscopy have become major players, even 

the prototype, in many PAT applications. In this doctoral dissertation their 

potential has been investigated for a novel application: the in-line and 

real-time monitoring of protein unfolding during freeze-drying processes.  

 

Based on the interaction of electromagnetic radiation with sample 

molecules, characteristic chemical and physical information about the 

sample, visualized as a spectrum, can be obtained. A first objective was to 

recognize the useful spectral information, i.e. that being correlated to the 

protein’s conformational status. To allow using this spectral information for 

evaluating future samples (e.g. from novel batches or different 

formulations), or to perform in-line analysis during the freeze-drying 

process, the influences of spectral interferences were investigated. 

Strategies for dealing with these uninformative systematic spectral effects 

were developed in order to increase the robustness of the spectroscopic 
methods and to allow in-line monitoring during the freeze-drying process. 
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