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Biological samples are commonly considered to be complex matrices. The analysis of such samples requires an adequate sample preparation step prior to the separation, detection and quantitation. Since the sample pretreatment is a time-consuming procedure, various systems have been developed to couple sample preparation with the separation/detection/quantitation step in order to speed up the procedure and to eliminate error-prone handling. Our research focuses on new developments in integrated sample preparation and separation systems. The move towards miniaturization in analytical chemistry has prompted the development of new formats for sample preparation. Major focus is placed on the development of novel innovative analytical techniques using high performance single- and multi-dimensional enrichment and separation methods, such as solid-phase extraction, liquid chromatography (LC) or capillary electrophoresis CE coupled to mass spectrometry (MS). There is a need for highly efficient approaches to handle the problems associated with sample preparation, separation and identification of biological species. 

Our recent research in the area of solid-phase extraction led to the development of novel stationary phases including hollow monolithic tips for phosphopeptide enrichment, as well as C60-silica and nanoparticle-embedded monoliths for the desalting and purification procedure of biomolecules. Moreover precipitation of phosphorylated and glycosylated proteins is performed by lanthanide salts for further investigations by LC-MS. Novel monolithic stationary phases are applied for HPLC to achieve separations at high speed and high resolution. The monolithic structure reduces the diffusion path and provides high permeability, resulting in excellent separation efficiency. Operation at high and very low flow-rates, stability at high pH compared to similar silica-based materials and low column pressure drop can yield flexibility and speed for HPLC separations. All of our developed monoliths have been successfully designed for the application of high- and low molecular weight compounds, showing that organic monoliths are a serious alternative toward its silica-based counterpart. Characterization of stationary phases is carried out by high performance spectroscopic methods including near- and mid-infrared spectroscopy.
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