POM: A Simulation Program for NMR under Inter- and Intramolecular Interactions
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Introduction

Computer simulations are often essential to the development and understanding of the physical nature of NMR experiments [1]. Quite a few simulation software
packages have been developed, such as BlochLib [1] and Qsim [2]. However, a convenient and efficient method is still lacking for the simultaneous simulation of
macroscopic effects such as dipolar field and radiation damping, and microscopic effects such as scalar couplings. To solve this problem, we introduced the product
operator matrix (POM) method, which enables us to deal with scalar couplings in the frame of the non-linear Bloch equations [3]. The POM program established
accordingly was programmed using Visual C++ with a graphical user interface. The program is easy to use, fast, and can simulate variety of effects in liquid state
spin-1/2 NMR 1D or 2D experiments.

Functions

The POM program can be used for one- and two-dimensional (1D and 2D) spectral simulation of spin-1/2 systems in liquid NMR with or without scalar couplings
(the sample can be 1D or 3D), and for simulations of related magnetic resonance imaging (MRI) experiments. A graphical interface is included for input and output, data
treatment, and analysis. Effects of diffusion, relaxation, scalar couplings, dipolar field, chemical shifts, inhomogeneous field, radiation damping, and RF pulses can be
taken into account together. Simulation algorithms can be simplified when some approximations are assumed. For example, in the simulation of normal liquid, the
calculation can be simplified to 1D case if the gradient field is only along the z axis. If radiation damping can be further ignored, the fifth-order Cash-Karp Runge-Kutta
formulism can be simplified in resolving the nonlinear Bloch equations. Simplified algorithms are especially helpful for 2D spectral simulation which takes much CPU
time. It takes about 5 hours to get a 2D simulation spectrum of an I,S; spin system (512 points in indirect dimension and 1024 points in direct dimension, 1D sample
(AMD CPU 2500+, 512M memories). The program provides some basic display functions: 1D and 2D spectra, the pulse sequence diagram, images from MRI, and the
display of array spectra.

Operations

All of the simulation can be operated within the graphical user interface shown in Fig.1. Complex RF pulse sequences can be simulated using “Add Seq” or “Sub
Seq” button. The RF pulses can be selective, non-selective, or saturation RF pulses. The information of the spin system can be set by “Spin System” button. “IS”, “IS,”,
“IS5”, “I,S,”, and “I,S;” spin systems are now available, and more different types of spin systems can be included easily. The spin system can also be hetero-nuclear,
such as C-H coupling system. The information of pulse sequence and spin system can be saved and retrieved. By pressing the “New Task™ button, different simulation
tasks can be pended to a series of tasks waiting for simulations. For batch tasks, such as DOSY spectral simulation, the “Array Simul” button can be used.
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Conclusion
In this work, a new convenient and efficient NMR simulation tool, POM, was introduced. It is helpful for designing new pulse sequences and analyzing the
experimental results, especially when distant dipolar field, radiation damping field, and scalar couplings are all needed to consider. In such case, the inter-molecular
multiple quantum coherences and intra-molecular multiple quantum coherences coexist [4], which makes the spectra very complex and difficult to analyze by theoretical
methods alone.
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