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Figure 2. Spin Hamiltonian interactions. 

• The quadrupole interaction requires the existence of a quadrupole 
moment that arises from an inhomogeneous electric field gradi-
ent at the nucleus. By necessity, the nuclear spin must be greater 
than ½ and the nucleus must experience a symmetry lower than 
cubic. The magnitude of this interaction is described by a sec-
ond-rank tensor Q or P, both of which are used interchangeably 
in the literature and throughout this chapter (I.Q.I) or (I.P.I). 

• The nuclear Zeeman interaction involves the interaction of the 
magnetic dipole moment arising from the nuclear spin with an 
externally applied magnetic field ( B.I).

• The exchange interaction involves the interaction of magnetic di-
pole moments of unpaired electrons on different atoms. This in-
teraction can occur through molecular orbitals (J S.S, G.SxS) or 
space (S.J.S).

Mathematically these interactions can be written using the spin Hamiltonian for-
malism. For an isolated paramagnetic center (A) a general spin Hamiltonian (H)
[1,2,12] is: 
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where S and I are the electron and nuclear spin operators, respectively; D is the 
zero field splitting tensor, g and A are the electron Zeeman and hyperfine coupling 
matrices, respectively; Q the quadrupole tensor;  the nuclear gyromagnetic ratio; 

 the chemical shift tensor;  the Bohr magneton and B the applied magnetic field. 
Additional hyperfine, quadrupole, and nuclear Zeeman interactions will be required 
when superhyperfine splitting is resolved in the experimental EPR spectrum. When 


