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Phenoxyl-Phenol system
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Figure S1: ”Open” transition state geometry for the phenoxyl/phenol system optimized at the
ROHF/6-31G* level in Ref. '. The transferring hydrogen atom is highlighted. Note that a
“stacked” transition state geometry that is lower in energy at certain levels of theory has also
been identified.’
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Figure S2: Spin populations of the donor molecule, acceptor molecule, and transferring
hydrogen (green, magenta, and black lines, respectively, in top panel) and projection of the
dipole moment onto the proton donor-acceptor axis (bottom panel) along the proton coordinate
calculated with ground state DFT/@B97X/6-31G* for the phenoxyl/phenol system at the “open”
TS geometry.
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Figure S3: The diabatic (blue and red lines) and adiabatic (gray lines) potential energy profiles
along the proton coordinate calculated with CDFT-CI/wB97X/6-31G* for the phenoxyl/phenol
system at the “open” TS geometry. The ground state adiabatic curve calculated with ground
state DFT/@wB97X/6-31G* calculations (black dots) coincides with the CDFT-CI ground state
curve for most of the grid points except for the small region in the vicinity of the avoided
crossing, where the DFT calculation converges to the excited state density (open black dots).
The converged densities for the DFT calculations were found to depend strongly on the initial
densities used in the calculations, particularly in the crossing region.

Table S1: Nonadiabaticity Parameters for Phenoxyl/Phenol System at the “Open”
Transition State Geometry*

DFT functional” 7, cm’! 7, S tfs  p=n/t.  Ve,om'
B3P86 4014 1.19 1.32 9.0x10™" 311.1
B3LYP 4068 1.16 1.31 8.9x10™" 284.5
MO06-L 6067 1.72 0.88 2.0 336.4
CAM-B3LYP 1137 0.31 4.67 6.5%107 79.1
wBI7X 436 0.11 12.17 8.9x107 24.5
wB97X-D 966 0.25 5.50 4.6x107 60.2
SA2-CASSCF(3,6)° 700 0.098 7.60 1.3x10™ 7.2

“p¥! is the electronic coupling at the crossing point calculated with CDFT-CI; 7, and 7 are the
effective proton tunneling and electronic transition times; p is the adiabaticity parameter defined
in Eq. (3); Voo s the vibronic coupling between the ground reactant and product vibronic states
defined in Eq.(2).

"Functional used in CDFT-CI calculations with 6-31G* basis set.

“Results of the state averaged CASSCEF calculations with 3 electrons in 6 orbitals and 6-31G*
basis set (obtained from Ref. 3).
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SLO Model

Table S2: Nonadiabaticity Parameters for the SLO Model System”

CDFT functional’/geometry Ve em’! T, S twfs p=tn/t. Vo, cm'
wB97X// wBITX/TS, R=2.58 A° 1559 0.26 3.41  7.5%x107 16.3
wB97X// @B9TX/R=2.7 A? 1429 0.20 3.72  5.4x107 1.8
wB97X// @B9TX/R=2.8 A? 1371 0.18 3.87  4.6x107 0.3
wB97X-D//@wB97X/TS, R=2.58 A° 1898 0.36 2.80 1.3x10" 33.6
wB97X-D//@B9TX/R=2.7 A? 1735 0.28 3.06  9.1x107 4.2
@B97X-D//wBYTX/R=2.8 A? 1652 0.24 321 7.5%x107 0.6
wB97X//B3LYP/TS, R=2.61 A° 1637 0.25 324  7.8x107 13.5
wB97X//B3LYP/R=2.7 A’ 1607 0.22 330 6.6x107 1.8
wB97X//B3LYP/R=2.8 A’ 1575 0.20 337 5.9%107 0.2

“p¥! is the electronic coupling at the crossing point calculated with CDFT-CI/@B97X/6-31G**;
7, and 7. are the effective proton tunneling and electronic transition times; p is the adiabaticity
parameter defined in Eq. (3); Voo is the vibronic coupling between the ground reactant and
product vibronic states defined in Eq. (2).

"Functional used in CDFT-CI calculations with 6-31G** basis set.

“Transition state (TS) geometries were optimized at the DFT/631G** level with
the functional indicated.

“Geometries obtained from the TS geometry by rigid translation of the substrate and Fe cofactor
along the C-O axis to the C-O distance R.
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Figure S4: Diabatic potentials (solid blue and red lines) calculated with CDFT-CI/@B97X/6-
31G** and adiabatic potentials (solid gray lines) obtained by diagonalization of the [2x2]
Hamiltonian matrix in the CDFT diabatic basis using a constant electronic coupling evaluated at
the crossing point for the TS geometry used in the main paper. A constant electronic coupling
was used because of difficulties with convergence and unstable couplings encountered for certain
points with proton coordinates greater than ~0.2 A. These numerical issues in the product region
are not expected to impact the nonadiabaticity analysis in the main paper and in Table S2.
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Figure S5: Spin densities for the (A) reactant diabatic state and (B) product diabatic state. The
spin densities are calculated at the minimum of each diabatic curve in Figure 2 of the main paper.
This figure shows that unpaired spin density is delocalized along the © backbone for the product
state and is present near the iron center for both diabatic states.
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@wB97X/6-31G**/TS
SCF energy: -2863.297872 Hartrees
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Transition State Geometries
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SCF energy: -2863.704930 Hartrees
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