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Background

Nuclear magnetic resonance (NMR) spectroscopy, one of the most important techniques used
for the determination of molecular structures and the study of chemical processes, is also
among the least sensitive spectroscopic methods. Consequently, intensive efforts are
underway to enhance the signal strength of NMR with techniques based on the unique
properties of hydrogen, which exists in two spin isomeric forms, ortho- and parahydrogen, and
these investigations are particularly promising.

This project aims to explore NMR signal enhancement strategies utilizing the unique properties
of ortho— and parahydrogen mixtures. It focuses on parahydrogen-to-orthohydrogen
conversion processes and their manifestations in NMR spectra, including the partially negative
line (PNL) effect. In particular, the influence of the catalytic system, solvent, and magnetic field
strength on para—to—ortho conversion and on the occurrence, intensity, and characteristics of
the PNL effect will be investigated.

The outcomes will contribute to the development of parahydrogen-based hyperpolarized NMR
methods. A detailed understanding of ortho—para conversion processes, both in terms of spin
physics and chemical reaction mechanisms, will provide valuable insights into hydrogen
interactions with catalysts, including biocatalytic systems such as hydrogenases.

Goal

The primary objective of this project is to explore methods for the enhancement of NMR signals
using parahydrogen. Specifically, the scientific objectives include the analysis of the
conversion of parahydrogen to orthohydrogen, considering the partially negative line (PNL)
effect, and assessing the influence of the catalytic system, solvent, and magnetic field strength
on this phenomenon. The results will advance hyperpolarized NMR methods and provide
valuable insights into hydrogen interactions with catalytic centers.
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