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In this Ph.D. thesis study, I analyzed hydrogen bonding configuration in the vicinity of artificial and natural polymers by
a combination of infrared absorption (IR) spectroscopy and multivariate curve resolution (MCR) analysis. To understand
the relationship between the hydrogen bonding configurations of water and the OH (OD) stretching band, I assigned the
hydrogen bonding configurations of water by simulations of water clusters based on density functional theory.

This doctoral dissertation consists of six chapters. Chapter 1 introduces the importance of water in the vicinity of the
polymers for material properties. Then, I highlighted challenges in conventional methods and outlined the objectives of this
study.

Chapter 2 explains the study of analyzing hydration structures in PEG and PCBMA polymer brush films by ATR-IR
spectroscopy combined with MCR. The results show distinct hydration structures influenced by molecular structures, brush
density, and film thickness. So, this method can be applied to analyze water in the vicinity of polymers.

Chapter 3 focuses on the hydration structures of PEG and PMPC solution by a combination of ATR-IR and MCR. Analysis
of hydrogen bonding configurations of water in the vicinity of the polymers based on the new assignments for hydrogen
bonding configuration to OH(OD) stretching band align with previous studies that PEG promotes DDA bonding through
ether groups, while PMPC forms tetrahedral DDAA bonding. Therefore, the assignments can explain the findings of
previous studies and are expected to extend to other systems.

Chapter 4 applies this approach and assignments to analyze the hydration structures of natural polymers, such as human
hair under the dehydration process. The spectra represent water in the vicinity of bleached and un-chemically treated human
hair show differences in the interaction between water molecules and molecules on the surface and inside of human hair.
Chapter 5 summarizes these studies and explains the findings by analysis of the hydrogen bonding configuration of bulk
water and vicinal water of polymers. I expect that these findings give insights into the understanding of the role of water
molecules in material function and properties.
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