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Heteronuclear High-Resolution Two-Dimensional Magnetic
Resonance Spectroscopy Based on Spatial Encoding and

Coherence Transfer Techniques

Rui Wu

ABSTRACT

Nuclear Magnetic Resonance (NMR) has been widely used in many fields such as
chemistry, material, biology and medicine because of its noninvasive measurement,
and still occupies the irreplaceable position on structural analysis at the molecular
level. The instruction of two-dimensional (2D) NMR spectroscopy greatly expands its
application fields. To obtain high-resolution NMR spectroscopy, researchers have
proposed many methods to eliminate the influence of field inhomogeneity from
different aspects. Nowadays, complex organic structural analysis is highly depending
on heteronuclear NMR based on proton detection technique. As a result, the
establishment of fast high-resolution heteronuclear 2D NMR techniques would be of
great help for NMR to be more widely used. The main work of this thesis is listed as
follows.

1. The principles of the spatially encoded single-scan ultrafast method were
briefly introduced firstly. Then a comprehensive review was made about the methods
of high-resolution 2D NMR spectroscopy under inhomogeneous fields based on
spatial encoding technique, including phase compensation, coherent transfer and
intermolecular zero-quantum coherence. Their mechanisms were introduced and
compared.

2. Two sequences called high-resolution 2D HSQC and HMBC were proposed
based on constant-time phase modulation spatial encoding and coherence transfer
techniques, which enabled us to obtain a 2D heteronuclear chemical shift correlation
spectrum between directly-bond and long-range coupled *H and *3C, respectively.
Their indirect dimension (F1) is not influenced by the inhomogeneous field, and when
the inhomogeneous field is linear along z direction, the direct dimension (F2) can also
reach high resolution by data post-processing. So that a high-resolution 2D
heteronuclear correlation spectroscopy can be obtained. The signal expressions of

these two sequences were deduced theoretically, and experiments were performed for



validation. The experimental results were consistent with the theoretical predictions.
3. A pulse sequence for high-resolution heteronuclear 2D J-resolved spectroscopy
based on constant-time phase modulation spatial encoding and coherence transfer
techniques was proposed. The F1 dimension shows the chemical shifts of **C and the
F2 dimension shows the coupling constants between directly-bond *H and *3C. This
sequence enables us to achieve a high-resolution 2D J-resolved spectroscopy under
arbitrary inhomogeneous fields. Theoretical predictions of the resulting signals were

verified by experimental results.

Keywords: heteronuclear NMR; spatial encoding; high resolution
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