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Formalism, simulation and application of inter- and
intra-molecular multiple quantum coherences
Cai Congbo

ABSTRACT

Since the discovery of intermolecular multiple quantum coherences (iMQCs) |
in 1990s, iIMQCs have triggered much interest in NMR research community and
found many applications. In the subsequent deliberate research, IMQC
phenomena were referred to be resulted from intermolecular dipole-dipole
interactions. Because the non-localized dipolar field is non-linear and complex,
its joint action with other effects may result in complex phenomena. Therefore,
computer simulation isimportant in the study of dipolar field effects.

In this paper, a new simulation algorithm for study of dipolar field effects
was proposed. Based on this algorithm, an efficient NMR simulation tool (POM)
was constructed and the evolution of complex multiple spin systems under
various effects including the dipolar field and intramolecular scalar couplings was
simulated. The main work is summarized as follows:

1. Under general non-linear background field, the free diffusion and restricted
diffusion between two parallel plates were studied. The restricted diffusion
under short gradient pulses and the free diffusion under general non-linear
background field were studied by the evolution propagator. For long gradient
pulses, the evolution propagator was modified and good results were
achieved. The simulation results based on the Monte Carlo method were
coincident with the theoretic predictions.

2. The product operator matrix was proposed to describe the scalar couplingsin
liquid NMR. The combination of the product operator matrix and non-linear
Bloch equations was employed to describe the various effects in multiple
spin systems, including the scalar couplings and dipolar couplings. A new
algorithm based on the product operator matrix was put forward to simulate
the effects of dipolar field when the scalar couplings exist. Based on the
algorithm, some typical multiple spin systems with intramolecular scalar
couplings and intermolecular dipolar couplings were simulated using Monte
Carlo method. The simulated results of diffusion, relaxation, and 2D NMR
spectra were coincident with the experimental measurements and theoretical
predictions.



3. The application of the product operator matrix method was extended to
describe the diffusion behaviors of complex multiple spin systems for the
first time. , and the results based on finite difference method were better than
those obtained from the Monte Carlo method. The product operator matrix
was further simplified for some special cases. The concept of “the efficient
chemical shift” was proposed to describe the behaviors of scalar couplings
under the macroscopical treatment in replacing the product operator matrix.
It works well for high-resolution NMR spectra under the inhomogeneous
field.

4. A new efficient NMR simulation tool was constructed based on the new
simulation agorithm proposed herein. Its main function and usage were
introduced.

Keywords: nuclear magnetic resonance; intermolecular multiple quantum
coherence; intramolecular multiple quantum coherence; simulation
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