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Figure 23. Molecular Sophe Graphical User Interface showing an axial Superhyperfine 
Interaction.

2.16.  Exchange Interaction (S.J.S) (Fig. 2) 

The exchange interaction involves the interaction of two or more paramagnetic 
centers, for example, [Fe2S2]2+/1+, [Fe3S4]1+/0, and [Fe4S4]3+/2+/1+ (Fig. 1). The total 
spin Hamiltonian for an exchange-coupled system is given by the sum of the indi-
vidual spin Hamiltonians and the interaction Hamiltonian (Eqs. (1) and (2), respec-
tively). The isotropic exchange interaction involves the overlap of molecular orbi-
tals, whilst the anisotropic exchange interaction (dipole–dipole coupling) is a 
through-space interaction. In the graphical user interface, the user first adds a 
“bond” between two atoms containing one or more unpaired electrons (i.e., S1, S2
½). Of course, in metalloproteins this may be an interaction and not a real bond. 
Once the bond has been created, a left mouse click on the bond will open up the 
bond Form (superhyperfine and exchange interaction tabs). Clicking on the Ex-
change Interaction Tab opens the exchange Form (Fig. 24a–c). Currently there are 
four representations (Isotropic, Anisotropic (Axial and Orthorhombic Symmetry), 
and Antisymmetric). Given the spin Hamiltonian in Eq. (2), a positive value of Jiso
corresponds to antiferromagnetic coupling between the two atoms and for inor-
ganic chemists, who are used to working with the Hamiltonian (H = –2Jiso

* S1·S2,
The asterisk is used here to distinguish the two values), Jiso

* = –Jiso/2.


