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 In the presented studies time-of-flight secondary ion mass spectrometry (ToF-SIMS), 

X-ray photoelectron spectroscopy and atomic force microscopy were employed to evaluate the 

biomolecular layers built-up on the sensing arms of Broad-Band Mach-Zehnder interferometers 

integrated on silicon chips [1] as well as to evaluate orientation of proteins adsorbed to surface 

of  promising conducting polymers [2,3], critical for development of bioelectronics and 

biosensors applications.  

ToF-SIMS imaging and micro-analysis was used to examine the protein surface patterns 

formed with a microarray spotter onto the sensing arm windows of integrated on silicon chips 

Mach-Zehnder interferometer arrays aiming to determination of bovine κ-casein in goat milk [1]. 

Uniform molecular distributions are observed on the sensing arm areas after spotting with 

optimum κ-casein concentration. Use of the optimum conditions for functionalization of chips 

with arrays of ten Mach-Zehnder interferometers provided on-chips assays with dramatically 

improved both intra-chip response repeatability and assay detection sensitivity. In addition, 

subtle differences in chip surface chemical composition between the sequential steps employed 

in biomolecule immobilization, surface blocking and immunoreaction are revealed by Principal 

Component Analysis (PCA) of ToF-SIMS results.  

Second studies focus on how the surface structure, amorphous for regiorandom poly(3-

alkylthiophene) (PT) and semi-crystalline for regioregular PTs, affects the orientation of  

proteins: rabbit immunoglobulin [2] and streptavidin [3]. Many of bioelectronic and biosensor 

applications are based on PT conducting and solution-processable polymers, therefore, protein 

interactions with PT surfaces are critical for development of their bioapplications.  

Since ToF-SIMS probes only the outermost layer of protein films, multivariate analysis 

enables detection of protein orientation. PCA distinguishes between amino acids characteristic 

for external regions of proteins molecules adsorbed to different PTs. The most important result 

was the finding that the interaction between protein dipole moment and polymer film plays a 

significant role in protein orientation.. 
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