
4.22.1 https://chem.libretexts.org/@go/page/150947

4.22: AB Proton NMR Analysis for 2,3-dibromothiophene
The chemical shifts and the coupling constant for the two protons in 2,3-dibromothiophene are obtained from its nmr spectrum.
These paramaters serve as inputs to a quantum mechanical calculation of the nmr spectrum. The theoretically generated spectrum is
in good agreement with experiment, justifying the Hamiltonian operator chosen to represent the interaction of the protons with the
external magnetic field and with each other.

Theory 
Nuclear spin and identity operators:

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

Implementing the operator using Mathcad's 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.
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A
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The nmr selection rule is that only one nuclear spin can flip during a transition. Therefore, the transition probability matrix for the
two spin system is:

Calculate the transition intensities and frequencies.

Display the calculated 2,3-dibromothiophene nmr spectrum:
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