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Figure 9. Intensity of all significant resonances for small D-value and X-band EPR. The up-
per figure shows the square of the transition dipole for each of the pairs of energy levels that 
contribute significantly to the low-field region of an X-band spectrum with small value of D.
The lower figure shows the corresponding absorption spectra. The color code for transitions 
between pairs of energy levels is 1 2 (red), 1 3 (orange), 1 4 (pink), 2 3 (yellow), 
2 4 (bright blue), 3 4 (turquoise), 3 5 (white), 4 5 (light green), and 5 6 (dark green). 
The input parameters for the IronHS program [1] were D = 0.1 cm–1, E/D = 0.06, frequency 
= 9.4 GHz, linewidth = 140 MHz, field segments = 1 mT, steps in  of 1˚), and steps in  of 
2˚. Regions of looping transitions were calculated using a cubic polynomial [21]. 

Some biomineral samples contain high-spin iron with values of D < 0.2, and 
the S = 5/2 spectra of some manganese centers in proteins have similarly small 
zero-field splittings. At X-band, for D < ~0.2, most of the 15 possible transitions 
between pairs of energy levels become possible, and the spectra are a complex set 
of overlapping transitions. As an aid in assigning the EPR spectra of manganese 
lipoxygenase at X- and W-band frequencies, a plot of X-band intensity factors 
against magnetic field was examined for all of the significant transitions (9 of 15 
possible in this case) with S = 5/2, D = 0.1 cm–1, without the manganese hyperfine 
[15]. This set of parameters is equivalent to a high-spin ferric center with very 
small D. Figure 9, in which the intensity factors (upper figure) are colored differ-
ently for each transition, illustrates the calculation. The corresponding absorption 


