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UV/VIS spectra
The UV/VIS spectra of all investigated carboxylated tetraphenylporphyrins – more specifically 5,10,15,20-tetrakis(4-carboxyphenyl)porphyrins
(TCPPs) – are plotted in Figure S1. They show the characteristic strong Soret (410-430 eV) and weaker Q bands (510-640 eV) common
to all porphyrins. The rather narrow lineshape of the former evidences the prevalence of monomers1.
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Figure S1 UV/VIS spectra of free base, copper, zinc, and magnesium TCPP in basic aqueous solution.
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NEXAFS decomposition
The decomposition of the experimental X-ray absorption spectra of the series of TCPPs at the N K-edge is shown in Figure S2. Voigt
profiles with a fixed Lorenzian FWHM of 0.13 eV2 were fitted for each recognizable resonance in addition to an arctangent step function
to model the edge jump.
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Figure S2 Decomposition of the experimental N K-edge NEXAFS of free base and metal TCPPs by 5-6 Voigt profiles and an arctangent step function.

Molecular geometries
Details of the optimized geometries of the 5,10,15,20-tetraphenylporphyrin (TPP) cores in the gas phase and with implicit solvation
(CPCM3) are given in Table S1.

Table S1 Calculated TPP N−X bond length (X = H, Mg, Zn, Cu) and phenyl tilt (0◦ corresponds to a flat arrangement in the porphyrin plane) in
the gas phase and with implicit solvation

Molecule N−X length (gas) N−X length (CPCM) phenyl tilt (gas) phenyl tilt (CPCM)
H2TPP 2.05 Å 2.06 Å 65.1◦ 64.1◦

MgTPP 2.04 Å 2.04 Å 64.8◦ 64.5◦

ZnTPP 2.01 Å 2.01 Å 66.2◦ 66.1◦

CuTPP 1.01 Å 1.01 Å 66.9◦ 66.8◦
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DFT benchmark
In Figure S3, the calculated X-ray absorption spectra of the investigated metal TPP cores are compared. It can be seen that solvation
(TD-DFT with CPCM3 versus gas phase) has a minor effect on the overall spectral shape, but the interspecies shifts are better reproduced
with implicit solvation. As discussed in the main article, the inclusion of relaxation by TP-DFT leads to a concentration of the intensities
on the energetically lower resonances, which increases the prominence of the experimentally observed features.

If different functionals are compared, it can be seen that the additional feature of CuTPP (b1g) shifts to higher energies with
increasing Hartree-Fock exchange (e.g. TD-DFT with CPCM: 398.3 eV for BLYP4,5, 398.5 eV for B3LYP6,7, 400.3 eV for BHandHLYP8),
due to a more accurate description of the metal-ligand interactions. The b1g energy is in qualitative agreement with the experimental
data (between the 1eg and b2u peak) for all shown calculations with the BHandHLYP functional and for the cam-B3LYP9 functional
with the transition potential method.

Even though the combination of Hartree-Fock exchange and TP-DFT yields good agreement with the experimental spectra and
supports our spectral assignments, this approach is problematic, since the mixing of Kohn-Sham and Hartree-Fock eigenvalues is known
to depend strongly on the amount of exchange and core-hole occupation10.

After all, the experimental shifts are best described by the TD-DFT BHandHLYP calculations, since the transition potential method
neglects configuration interactions. As shown in Figure S4, also the shift of the third resonance (b2u around 401.3 eV) upon substitution
of NiP is well reproduced by TD-DFT BHandHLYP calculations. The experimental reference has been published by Svirskiy et al. 11.
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Figure S3 Metal TPP N K-edge NEXAFS calculated by time dependent DFT with and without implicit solvation and by the transition potential
method for 4 different functionals (BLYP, B3LYP, BHandHLYP, cam-B3LYP). All transitions were broadened by 0.13 eV2 (Lorentzian FWHM) and
0.20 eV (Gaussian FWHM) and normalized by the experimental peak height and energy of the first resonance in MgTPP (1eg at 398.3 eV).

396 398 400 402 404 406
Photon energy (eV)

Os
c.

 st
re

ng
th

 (a
.u

.) NiTPP NiP

Figure S4 N K-edge NEXAFS of NiP and NiTPP calculated by TD-DFT with the BHandHLYP functional in the gas phase.
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