Abstract

In the theoretical part of the work, | discussed the basics of chemometric data analysis, including
design of experiment and spectral data preprocessing. | characterized the techniques of principal
component analysis (PCA), cluster analysis (CA) and quantitative methods: classical (CLS), inverse (ILS)
least squares and partial least squares regression (PLS). Then, | described the parameters used to
assess the quality of calibration models. In the next chapter, | provided the basics of the measurement
techniques used in the research, i.e. IR spectroscopy, Raman, electron absorption spectroscopy,
spectrofluorimetry, and high-performance liquid chromatography. In the next chapter, | characterized
the analyzed active substances and dyes. | included examples of the use of vibrational spectroscopy in
the analysis of polyphenols (TPC), flavonoids (TFC) and carotenoids in natural matrices.

In the results part, | included a description of the conditions for recording the
vibrational spectra of selected plant materials, i.e. grey rockrose herb, poplar bark and leaves, and
freeze-dried potatoes with purple flesh. Based on the Raman, ATR, and NIR spectra, | conducted
principal component analyses and developed and compared the performance of PLS models dedicated
to TPC, TFC, and antioxidant activity determinations. For the potato freeze-dried samples,
chemometric models were additionally developed using fluorescence spectra. Further analyses
focused on carotenoid quantifications in selected bee pollen fractions. | determined the total content
of pigments for Raman, ATR, and NIR data. Raman spectra enabled quantitative determinations of the
carotenoid profile, with component content not exceeding several dozen ppm. | also attempted to
determine the positions of the maximum of the v(C=C) vibration band of various carotenoids present
in bee pollen by decomposing the band envelope at approx. 1530 cm™. As part of the analyses of this
group of dyes, | carried out determinations of lutein content in 8 commercial pharmaceutical
preparations in the form of capsules using Raman and ATR spectra. | determined the active substance
based on a simplified calibration system with a recovery of 96-102% and RSEP,,, errors in the range of
2.6-4.1%. In a separate part of the work, | presented pH determinations of azo dye solutions based on
Raman data. | used cluster analysis and PCA to determine the number of structural forms of dye
molecules in solutions with variable pH, the PLS algorithm was used to develop quantitative models
for pH in a wide range, for small volume samples, with the RSEP errors below 2.5%. The results
obtained in the conducted studies clearly confirm the significant potential of vibrational spectroscopy
in the analysis of active substances in complex analytical matrices. They also show that spectroscopic
techniques combined with chemometric data analysis constitute an efficient tool that can be used in
routine studies of raw materials, natural products and drugs, as a real alternative to currently used

analytical protocols.



