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4.26: HD-Like NMR Spectrum Calculated Using Tensor Algebra
In section 7.12.3 of Atoms and Molecules, Karplus and Porter consider the nuclear magnetic resonance of HD. In this tutorial it is
treated as analogous to the traditional AB system, except that HD consists of a spin 1/2 nucleus interacting with a spin 1 nucleus.
Using arbitrary values for the chemical shifts and coupling constant, a tensor algebra calculation yields a model nmr spectrum.
Related tutorials on the AB and ABC systems are also available in this tutorial section.

Nuclear spin and identity operators for the proton (the proton is a spin 1/2 particle):

Nuclear spin and identity operators for the deuteron (the deuteron is a spin 1 particle):

Hamiltonian representing the interaction of nuclear spins with the external magnetic field in tensor format:

Implementing the operator using Mathcadʹs command for the tensor product, kronecker, is as follows.

Hamiltonian representing the interaction of nuclear spins with each other in tensor format:

Implementation of the operator in the Mathcad programming environment:

The total Hamiltonian spin operator is now calculated and displayed.

Calculate and display the energy eigenvalues and associated eigenvectors of the Hamiltonian.

The HD composite nuclear spin states expressed in tensor format are as follows:

Chemical shifts: = 400νH = 200νD Coupling constant: = 30JHD
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H

z νH Î
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The nmr selection rule is that only one nuclear spin can flip during a transition and that ΔI = +/‐ 1. Therefore, the transition
probability matrix given the above nuclear spin assignments for the HD system is:

Calculate the transition intensities and frequencies.

Display the calculated HD nmr spectrum:

As expected, we see that the single proton resonance on the left is split into three transitions due to the three deuteron spin
orientations, and that the two deuteron resonances are each split into two transitions due to the two proton spin orientations.

The frequencies of all possible transitions are presented in the following matrix.

Some of these transitions are forbidden by the selection rule as can be seen in the following intensity matrix.
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On the basis of the frequency and intensity tables we make the following assignments for the various allowed transition for the
proton and deuteron.

This page titled 4.26: HD-Like NMR Spectrum Calculated Using Tensor Algebra is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Frank Rioux via source content that was edited to the style and standards of the LibreTexts platform.
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