
SPIN-HAMILTONIAN PARAMETERS 213 

Figure 8. Visualization of the screening charges on the COSMO surface obtained for the 
DPNO radical in water. The plots were generated employing (a) the COSMO correction, (b) 
the D-COSMO-RS approach, (c) the supermolecule approach in combination with the 
COSMO method, and (d) a difference plot of the screening charges from COSMO and D-
COSMO-RS. Positive screening charges are given in red. Reproduced with permission from 
[133]. Copyright © 2006, American Chemical Society. 

this can be accomplished via QM/MM approaches that model the entire protein, 
active site, and at least the first solvation shell explicitly [105]. While such calcula-
tions are still quite time consuming, they show the enormous potential for the study 
of macromolecules with a combination of quantum mechanics and molecular me-
chanics. In [105] we have applied the QM/MM methodology to a well-known met-
alloprotein: the blue copper protein plastocyanin (Pc). Pc is one of the “trademark” 
systems of bioinorganic chemistry, and the electronic structure and spectroscopy of 
the active site in the Cu(II) state is very well understood [142–152]. In Figure 9 the 
system that was studied is explained. In Figure 9A the entire system is shown, 
where the solvent water molecules are shown in red and the protein backbone in 
green. This system was equilibrated and subjected to MD runs. In Figure 9B an 8 Å 
sphere around the active site is shown that was active in the following geometry 
relaxation. Finally, two models were selected for explicit quantum treatment: the 
model PCU-S is a small model and only has the copper ion, two histidines, one 
cysteine, and one methionine residue (all in a truncated form) in the quantum re-
gion. Model PCU-L includes the amino acids in their non-truncated forms and also 
adds an important residue (Asn38) to the quantum region that is supposed to 
strongly influence the properties of the cupric active site through hydrogen bonding 
to the cysteine sulfur. The Cu(II)–SCys bond is a famous bond in bioinorganic 
chemistry and gives rise to the blue color of the protein that arises from -bonding 
to the -antibonding transition between the two orbitals shown in Figure 9. The 
extremely high covalency of this bond is held responsible for most of the unique 
properties of the Cu(II) site in Pc compared to low-molecular-weight Cu(II) com-
plexes [142–152]. 

Therefore, we have first studied the influence of the protein on the spin-
populations in the Cu–S bond. In this study, the effects of scalar relativity were 
also probed on the basis of the popular ZORA approach [153], which is imple-
mented into the ORCA package as described by van Wüllen [154]. Rather pro-
nounced effects of the protein environment were found in these calculations. Al-
though the spin-population is not a physical observable, our reference value was 
taken to be 41% spin-population on copper, which was advocated after the exten-
sive studies of Solomon and coworkers [144,146–152]. If this value is accepted, 


