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can be applied to ESEEM or ENDOR pulse sequences, yielding detailed structural 
information on the number and type of nuclei present and their distance and rela-
tive orientation from the paramagnetic center. For example, the complete structural 
characterization of the spin density distribution and consequently the structure of 
the photosynthetic reaction center (PS I) has been ascertained through careful two-
dimensional ESEEM and END(T)OR spectroscopy by Lubitz et al. [32]. Pulse 
sequences based on pulsed ENTOR have been developed for directly determining 
crystallographic information (internuclear separations between nuclei and the 
paramagnetic center and their relative orientation with respect to the paramagnetic 
center) directly through the dipole–dipole interaction [33]. Elucidation of three-
dimensional crystallographic information (distance and orientation) of multiple 
paramagnetic centers within a metalloenzyme relies on the observation of anisot-
ropic exchange (dipole–dipole) coupling between the multiple electron spins. 
Whilst CW EPR can be used to measure the distance and orientation of redox ac-
tive centers up to about 8 Å apart and power saturation studies can be used to infer 
slightly larger distances, pulsed ELDOR allows distances up to 80 Å to be meas-
ured directly from a Pake doublet [34]. 

Figure 5. Traditional Approach to determining molecular structure of molecules from EPR 
spectra.

Herein we describe an integrated approach, Molecular Sophe, for the com-
puter simulation of continuous-wave and pulsed EPR and electron nuclear double 
resonance (ENDOR) spectra, energy level diagrams, transition roadmaps, and tran-
sition surfaces. This approach, based on molecular structure (Fig. 6), will revolu-
tionize the three-dimensional molecular (geometric and electronic) characterization 
of paramagnetic materials using high-resolution EPR spectroscopy and quantum 
chemistry calculations. Until now the analysis of complex CW and pulsed EPR 
spectra has been based on a spin system rather than molecular structure, and the 
analysis of pulsed EPR spectra has mainly relied upon analytical expressions in-
volving perturbation theory. 

2.  MOLECULAR SOPHE COMPUTATIONAL SOFTWARE SUITE 

The Molecular Sophe software suite consists of a graphical user interface, the 
computational program Sophe, and a variety of software tools (XeprView®,


