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Computational Details:

The “’Fe quadrupole splitting arises from the non-spherical nuclear charge
distribution in the I*=3/2 excited state in the presence of an electric field gradient at the
*"Fe nucleus, while the isomer shift arises from differences in the electron density at the
nucleus between the absorber (the molecule or system of interest) and a reference
compound (usually a-Fe at 300K). The former effect is related to the components of the
electric field gradient tensor at the nucleus as follows:'
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where e is the electron charge, Q is the quadrupole moment of the E*=14.4 keV excited
state, and the principal components of the EFG tensor are labeled according to the
convention:
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with the asymmetry parameter being given by:
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The isomer shift in >’Fe Mossbauer spectroscopy is given by:'
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where Z represents the atomic number of the nucleus of interest (iron) and R, R* are

2
average nuclear radii of the ground and excited states of >'Fe. Since |\|1(0)|F is a constant,
€

the isomer shift (from Fe) can be written as:
dre =0 [p(0)—c] )
where a is the so-called calibration constant and p(0) is the computed charge density at
the iron nucleus. Both a and c can be obtained from the correlation between experimental
Ore values and the corresponding computed p(0) data in a training set. Then, one can use
equation (5) to predict dg. for a new molecule from its computed p(0), basically as
described in detail elsewhere for a wide variety of heme and other model systems.2
The experimentally observed NMR “chemical” shift (dops) includes both a
diamagnetic or orbital contribution (84i,), from paired electrons, and a hyperfine
contribution (8y¢), from unpaired electrons:’
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Oobs = Odia + Onf (6)
and the hyperfine shift can be further broken down into Fermi contact (Spc) and
pseudocontact (J,) terms:

Onf = Opc + 5pc (7N
The drc of a given nucleus depends on the spin state (S) of the system, the spin density at
the nucleus (pyp) and the temperature (T):3 !

Orc =m (S+1) pop / T ®)
where m is a collection of physical constants and is equal to 2.35x10” ppm K au™. The Ope
contribution is typically very small when compared with 8gc, as discussed previously,” so
in general, Opc dominates the hyperfine shift.

The hybrid functional B3LYP* with a Wachter’s basis (62111111/3311111/3111)
for Fe,” 6-311G* for all the other heavy atoms and 6-31G* for hydrogens in the Gaussian
03 program® was used to do all the quantum chemical calculations in this work, which
enabled accurate predictions of Mossbauer quadrupole splittings and isomer shifts as well
as NMR hyperfine shifts in the previous work.>>’ To calculate AEq, we first evaluated
the principal components of the electric field gradient tensor at the °'Fe nucleus (Vj),
then we used equation (1) to deduce AEq, using a precise recent determination of Q =
0.16 (+5%) x 10%m?}® a value previously found to permit excellent accord between
theory and experiment in a broad range of systerns.z’7 In order to calculate Og. values, we
read the wavefunctions from the Gaussian 03 calculations into the AIM 2000 program,’
to evaluate the charge density at the iron nucleus, p(0). Then, we evaluated the isomer
shifts by using the equation derived previously:2

Ore = -0.404 [p(0) - 11614.16] 9)
To calculate the NMR hyperfine shifts, the Fermi contact spin densities from Gaussian
03 calculations were converted to hyperfine shifts by using the relation obtained
previously:3

Snr = 1.89 x 107 (S+1) pop/ T—3.2 (10)
X-ray structures of the eight ferric porphyrin complexes (1-8) were used with the
replacement of the meso-phenyl substituents by hydrogens and the removal of non-
coordinated counterions, as done before.”>’ The experimental NMR hyperfine shifts
were obtained by using equation (6) and experimental data of chemical shifts (Jobs) in
these ferric porphyrins and the experimental diamagnetic shifts (34i,) from ZnTPP' for
pyrrole hydrogen and carbon atoms and ZnOEP'! for ethyl -CH, hydrogen atoms.
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Table S1. Temperatures for Mossbauer and NMR Results in Table 1 (unit: K)

Complex Mossbauer 'H NMR “C NMR
2 FeOEP(3-CIPy) 4.2 300 300
3 FeTMCP(H,0)(EtOH) 77 295 295
4 [Fe(T'PrP)(THF),]ClO, 76 233 298
5 Fe(OETPP)CIO, / 298 298
6 [FeOETPP(4-CNPy),]C10, 80 298 298
7 [Fe(TipsiPP)]CF3SOs / 300 300
8 Fe(OETPP)CI 280 298 298

Table S2. Geometric and Mossbauer Results of S = 5/2 Iron Complexes.”

Complex Rren (A) AEq (mm/s)
9 Fe(TPP)]CI 2.071 0.33
10 FeTPPBr 2.069 0.36
11 [FeTPP (EtOH),|BF, 2.039 1.71
12 metmyoglobin 2.027 1.45

“Results are from Ref.18 in the Text.
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Figure S1. Calculated Mossbauer quadrupole splittings vs. experimental values in iron
porphyrins studied in this work (blue data points) and previous work (black data points;
Refs. 18 and 20 in the Text) with R?>=0.98 and N = 45.
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Figure S2. Calculated NMR hyperfine shifts vs. experimental values in S = 3/2 iron

porphyrins studied in this work (blue data points) and previous work (black data points;

Ref. 21 in the Text) with R*=0.99 and N = 109.
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Figure S3. Isosurface representations of a-LUMO+1 (A), a-HOMO-2 (B), a-HOMO-5
(C), and a-HOMO-6 (D) for 3, with contour values =+ 0.02, 0.02, 0.02, and 0.04 au,
respectively.
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Figure S4. Isosurface representations of a-LUMO+1 (A), a-HOMO-2 (B), a-HOMO-5
(C), and a-HOMO-6 (D) for 4, with contour values =+ 0.02, 0.02, 0.02, and 0.04 au,
respectively.
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