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Figure 3. Overview of the three geometry-optimized structures of the cysteine thiyl radical, 
(a) 1st minimum, (b) 2nd minimum, and (c) 3rd minimum. The directions of the principal 
axes of the g-tensor: z (brown, parallel to the symmetry axis of the 3p orbital in the SOMO) 
and the y (light-blue) principal axis of the g-tensor are indicated. The x axis is parallel to the 
C –S  direction. Reproduced with permission from [128]. Copyright © 2004, American 
Chemical Society. 

The reason for the large errors in the calculations and the large g-shifts ob-
served in crystals or frozen solutions containing the cysteine radical are readily 
understood upon examination of the electronic structure of this radical. The dia-
gram in Figure 4 shows that the sulfur atom has two available lone pairs that are 
oriented perpendicular to the C–S bond direction. 

Figure 4. The sulfur lone pair orbitals of the cysteine radical (in the first minimum) and the 
relation of their energy separation to the g-shift (to second order). 

For methyl-thiolate these two lone pairs are degenerate and, consequently, this 
radical exists in an orbitally degenerate ground state that is Jahn–Teller active. Un-
der these conditions perturbation theory—which assumes an orbitally nondegener-
ate ground state—must fail and higher-order effects become important. In the case 
of the cysteine radical, the degeneracy is of course lifted by the low symmetry of 
the environment. Yet, the lowest lone pair  SOMO excitation is still extremely 
low in energy. According to the high-level ab initio calculations reported in [128], 
this excited state occurs between ~1000 and 3000 cm–1 depending on the confor-
mation of the cysteine radical. Since the SOC between the ground state and this 
first excited state induces a magnetic moment along the C–S bond vector, the posi-


