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S1: Theoretical method and models

All calculations were performed using DFT implemented i@ Yenna Ab-inito Simulation Pack-
age VASP 5.2.1F1 Classical plane waves pseudo-potentials generated wifad®or Augmented
Wave (PAW) method? were used to describe the electron—ion interaction and ¢hge-Burke-
Ernzerhof (PBE) generalized gradient approximatiowas applied for the exchange-correlation
functionals. In order to reproduce the experimental spatesof the central Fe in both its 1l and
Il oxidation states, a simplified Dudarev’s approach of BEF* was used as implemented in
VASP.U andJ represent the repulsion and exchange terms, respeciivéhe effective Hubbard

parametere s = U +J), which takes into account tlieelectron correlation at the iron center.
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Periodic boundary conditions were used with super-cels.48 x 1.53 x 2.75nn? to inves-
tigate a closed packed molecular layer on Au(111). The Al)klbstrate was modeled with a
4-layer slab of 120 atoms. Due to the large size of these mgstenly thel” point of the surface
Brillouin zone was considered. The cut-off energy for plavsees was 410eV. Electronic self-
consistency was converged withirl®neV. All atoms except for 2 bottom Au layers were fully
relaxed. Atomic position were relaxed until the forces dratdms were smaller than 10meV/A.
Four adsorption sites with Fe at atop, bridge, fcc and hcjtipos were considered for calcula-
tions.

Different possible spin states of Fe(ll) and Fe(lll) areidegd in Figure S1. The ground state
of FeTPP calculated with DFT+GGA has a sp#+ 1) —usually denoted 'intermediate spin’— and
is consistent with experimental data. However, DFT+GGAsfir FeTPPCI, where the calculated
S=1/2 (low spin) state does not match the experimental da&-05/2 (high spin). This problem
was corrected by employing the DFT+U method, which doesodipre the high spin ground state
of FeTPPCIS®S6The ground states of both FeTPP and FeTPPCI were calculdtiedame set of
parameters. From a series of DFT+U calculations Withetween 1 and 8eV we choSe= 4eV
andJ = 1leV to achieve the correct spin multiplicity. These valuesia reasonable agreement

with those of similar calculationg>S6
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Figure S1: Molecular orbital schemes of spin states of Fa(t Fe(l1)S’

S3



S2. STM images at different voltage polarities

Figure S2: STM images of a layer of FeTPP and FeTPPCI (brightrysions) at (a) negative
and (b) positive sample voltage. c) Line profile through rooles in (a) and (b). The center
of FeTPP appears.DA higher at negative sample voltage. At positive bias Fefppears as
four lobed feature with a depression at the middle and attiveghias molecules appear as a
long feature (two fold symmetric) with a bright center andlitidnal four small lobes at negative
bias, which is consistent with the literatu?®S°At negative bias FeTPPCl appeatsl.0 A higher
compared to that at positive bias is consistent with itsudated DOS, where a strongstate of
Cl is present below the Fermi energy. Above the Fermi enengly, d-states of Fe are accessible.
The adsorption geometry of similar molecules (CoTPP) haenlunderstood in a greater deal in
the literature, where the reduced symmetry is argued dueetdeénding of porphyrin ring along
one of the molecular axis away from surface and the interise like features (especially seen at
positive sample bias) are attributed to the tilted phemgsr>%-510
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S3: pDOS of FeTPP and FeTPPCI with Fe at atop, bridge, hcp and fcc sites
of Au(111)
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Figure S3: The pDOS of FeTPPCI (a) and FeTPP (b) with Fe at atajge, hcp and fcc sites of
Au(111). For FeTPPCI pDOS (R and Cl p-states) is similar at all adsorption sites. CI ligand
reduces the interaction of Fe with Au and therefore the pD&iSdependent of adsorption sites.
For FeTPP, pDOS (Fe-state) is significantly different at hcp/fcc and atop/gedpDOS at hcp/fcc
sites shows a depletion around the Fermi energy and is caileavith tunneling spectrum. For
atop/bridge site a strong interface state is appearing ¢tmthe Fermi energy (marked with arrow
head) indicating a stronger interaction of Fe with Au at éhgtes. The interface state is mainly of
d,2 nature.
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S4: dI/dV spectra along arow of molecule
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Figure S4: Top: STM constant current topography of mixedffeand FeTPPCI adlayer. Bottom:
dl/dV along one row of FeTPP molecules. Black spectrum is acquairéide center of molecule
marked with black circle. Other spectra are acquired altregstame row until the light-gray
encircled molecule. The featuresat—1.1eV and 13eV are prominent in all curves. In addition
there is a shoulder like feature @t —0.8eV for few molecules in the row (lower four spectra).
Comparing with the calculations this feature may tentéibe attributed to molecules adsorbed
at top sites. Unfortunately the adsorption sites cannotdberchined from our experimental data
alone. Red spectrum is representative for FeTPP, whichsHmvprominent features and similar
todl/dV presented in the manuscript.
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S5: Oxidation states of FeT PP and FeT PPCI

The partial charge of each atom in the molecule was extrdotetthe total charge density using
a Bader charge analysis1~S13To check the neutrality of the molecule, partial charges ted
sum of partial charges from a group of similar atoms wereutated as shown in Table S§re,

Ocl, are the partial charges on Fe and S, S0c, SOn are the sums of partial charges from all
nitrogen, carbon and hydrogen atorngsio: is the net charge of the molecule. For free molecules

(without substrate) neutrality is achievetbfo: = 0).

Table S1: Atomic partial charges of elements in FeTPPCI amtPP in free molecules and
molecules adsorbed at atop and hcp sites of Au(111). Thedhsinn displays averaged Fe—N
distances.

e | G | SN | SAc | SOH | SGot | dren(A)
FeTPPCI 1+136| —059| —464| +141| 1247 O 2.092

FeTPP +1.10| / | -459|+102|+247| O 2.001
FeTPPCI/Au(111) atop +1.34 | —0.56 | —4.62 | +1.39 | +2.54 | +0.06 | 2.023
FeTPPCI/Au(111) hepg +1.35 | —0.58 | —4.53 | +1.28 | +2.55 | +0.09| 2.018
FeTPP/Au(111) atop| +1.13| / | —4.66| +1.31|+2.43|+0.20| 2.004
FeTPP/Au(111) hep | +1.17| / | —467|+114| +255|+0.19| 2.005

In free molecules, Fe(ll) in FeTPP and Fe(lll) in FeTPPClrgatharges of+1.10e and
+1.36e, respectively. The deviations from the formal charge8g and+3e) are due to the
delocalized distribution of excess positive charge overgbrphyrin macrocycle. The ratio of the
sum of gee and yqc between FeTPP and FeTPPGIES™ P+ 5 qfe™h /(gESTPPCl 5 g58TPPY) = 0.8,
is consistent with values found for similar oxidized andueetl Fe-porphyrirt1* The molecules
adsorbed on Au(111) surface show an excess of net chpeggg)(due to molecule—surface inter-
action. The larger net charge of FeTPP is consistent witktitsnger interaction with the sub-
strate. The ratio of the sums g andsgc between FeTPP and FeTPPCI adsorbed on Au(111),
(QEETPP+ 5 058TPR /(gESTPPCl: 5 gEeTPPY) = 0.87, shows that the oxidation state of Fe is still higher in
FeTPPCI than in FeTPP.

The calculated average distance between Fe anldNy;, is larger in free FeTPPCI compared

to FeTPP. This indicates a weakening of the Fe—N interactaused by the Cl liganddge_y is
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relatively shorter for molecules on Au(111), however, #medency is similar to the observation as

in free molecules.
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