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TPP?> & Pc* ligand fields and frontier
electronic structure of MTPP & MPc
isolated complexes (M =V, Cr, Mn, Fe, Co,
Ni, Cu, and Zn).

ESL1 TPP* & Pc? ligand fields.

A preliminary series of ADF calculations has been carried out
to homogeneously compare structural and electronic properties
of HyP, H,Pz, H,TPP, and H,Pc with those of the deprotonated,
negatively charged species P?, Pz, TPP%, and Pc* (see
Figures S1-S4 and Tables S1-S8) by assuming an idealized D5y,
(D4y) symmetry! for the free-base neutral molecules
(deprotonated, double charged species). Incidentally, H,P, P%,
H,Pz, and Pz* species have been herein considered to
investigate the effects associated with the Ph decoration of C”
H,P atoms upon the H,P — H,TPP switching, as well as with
the fusion of the benzene ring to Py upon moving from H,Pz to
HzPC.

Data reported in Figures S1 and S2, where selected
internuclear distances of the neutral species are reported, reveal
that the substitution of the four m-CH groups with as many N”
atoms affects the pmc molecular structure through the
shortening of the C*—X" bond length and the decreasing of the
NPY--NPY and X"-X™ internuclear distances: in other words,
through the shrinking of the coordinative pocket.? Consistently
with a ligand field stronger in Pc? than in TPP? 3?3 analogous
considerations hold for the charged species (see Figures S3 and
S4).! Besides structural effects, information about nature and
strength of the electronic perturbations induced by the
substitution of the m-CH groups with N” atoms can be gained
by referring to Figure S5 where the energy position of the H,P,
H,Pz, H,TPP, and H,Pc FMOs? is compared with that of the Py
and i-Ind HOMOs whose 3D CPs are displayed in Figure S6
(optimized Cartesian coordinates of the C,, Py and i-Ind
molecules are reported in Tables S9 —S10). The first thing to be
noted is the upward energy shift of the i-Ind 2a, HOMO
compared to the Py 1a, one as a consequence of the antibonding
interaction between Py-based and benzene-based HOMOs (see
Figure S6)."! This evidence perfectly agrees with the IEs values
of the Py la, and i-Ind 2a, HOMOs (8.21 and 7.3 eV,
respectively),!%-!! quantitatively reproduced (8.39 and 7.18 eV,
respectively) by exploiting the Slater TS formalism,!? a method
which allows the evaluation of the excitation/ionization
energies through a fictitious transition state in which the
occupation numbers of the various SOs are halfway between
those of the initial and final states.

Upon moving from the C,, Py to the Dy, H,P,!? the four
SALCs generated by the Py 1a, HOMO (byg + b3 +2 x a,) will
interact with the C" m SALCs (byg + b3, + a, + by,) of the same
symmetry. Among H,P a,, by, and b3, MOs, the FMOs related
to the Py 1a, HOMO and having contributions from the C" 1t
SALCs are the occupied/unoccupied la,, 2a,, 2by,, 2bs,/3a,,
4by,, 4b3, MOs (see Figures S5, S8, and S9); in addition, the
frontier energy region includes the 5b;, HOMO, strongly
localized on the C™ 2p, AOs (see Figure S8) and very close in
energy to the 2a, MO (see Figure S5).

The gas-phase Hel PE spectrum of H,P, first recorded in the
late 1980s by Dupuis et al.,'* shows a prominent peak at 6.9 eV
with two evident shoulders on its higher IE side at 7.1 and 7.2
eV. In agreement with theoretical outcomes reported by Orti
and Brédas,'® Ghosh and Vangberg,'¢ and Piet et al.,'” our TS
calculations assign thse structures to the 2a, and 5b;, MOs (see
Figure S5) whose TSIEs are 7.12 and 6.92 eV, respectively. To
the best of our knowledge, no measurements of the H,P EA are
present in the literature; nevertheless, the H,P lowest

attachment energy (to a first approximation the negative of the
capturing species EA'®) has been evaluated by exploiting the
Slater TS method.!? The 4b,, TSEA value (1.50 ¢V) is in quite
good agreement with the experimental H,TPP EA (1.69 eV,!°
vide infra).

The substitution of methine bridges with N atoms in H,Pz
induces a quite uniform and sizable downward shift of all the
H,P FMOs and energy reversal between the HOMO (5by, in
H,P) and HOMO-1 (2a, in H,P), see Figure S5. Unfortunately,
no PE data are available in the literature for H,Pz; nonetheless,
the TSIEs of the H,Pz 2a, HOMO (7.75 ¢V) and 5b;, HOMO-
1(8.32¢V), as well as the TSEA of the H,Pz 4b,, LUMO (2.36
eV), have been computed. Upon moving from H,Pz to H,Pc,
the blue-shift determined by substituting methine bridges with
N atoms (H,P — H,Pz; see Figure S5) is partially offset by
fused benzene rings in H,Pc (see Figure S5). In this regard, it is
worthwhile to mention that, as expected, the H,Pz 5b,, FMO
(localized on the pmc but not related to the i-Ind 2a, HOMO) is
only tiny affected by the H,Pz — H,Pc switching.

A bunch of PE data is available in the literature for H,Pc in
the gaseous,??3 solid,?® and film?* forms. Nardi et al.?*
ultimately assigned the peak having the lowest IE to the
ionization from the 4a, HOMO by exploiting the different C/N
ASPCS?  within the Gelius model?* and comparing
experimental evidence with theoretical outcomes homogeneous
with those herein reported. Additionally, the H,Pc Hel PE
spectrum recorded by Berkowitz in the vapor phase is
characterized by a sharp peak at 6.41 eV,? reproduced very
well by the TSIE of the 4a, HOMO (6.57 eV, see Table S11 and
Figure S10).IY

Similarly to the GS (see Figure S5), the TSIE of the 7by,
MO is significantly higher (7.74 eV, see Table S11) than that of
the 4a, HOMO.!Y Moving to the quasi-degenerate LUMOs 6b,
and 6b,, (see Figure S5 and Figure S10), their TSEAs (2.30 and
2.26 eV, respectively) are in good agreement with the
experimental and theoretical adiabatic EA values (2.07 = 0.15
and 2.34 eV, respectively) reported by Khatymov et al.?” and
significantly higher than the H,TPP experimental EA (1.69
eV).l?

Perturbations induced by the Ph decoration of C are almost
negligible, being the Pm°w system perpendicular to that of the Ph
fragments.?® This is further confirmed by looking at the energy
position of H,TPP FMOs upon moving from H,P to H,TPP (see
Figure S5). Likewise to H,P, H,Pz, and H,Pc, TSIEs and
TSEAs of H,TPP have been herein evaluated for the HOMOs
and LUMOs and compared with literature data.!”-28-31 TSIEs of
the 13b;, HOMO and the 10a, MO are 6.48 and 6.77 eV (see
Table S11 and Figure S10),!V respectively, and they agree
quantitatively with gas-phase Hel PE data (6.39 and 6.72 eV)
recorded by Khandelwal and Roebber.?? Analogous
considerations hold for the TSEAs of the 12bs, and 12b,,
LUMOs (1.68 and 1.68 eV),'"Y which numerically reproduce the
H,TPP experimental EA (1.69 eV).!?

Some of us have addressed the parenthood between
occupied FMOs of H,TPP/H,Pc and TPP?/Pc?* in ref. 32 (see
Figure S10).IV Ligand-based occupied FMOs cannot be
involved in the substrate — adsorbate charge transfer, while the
opposite is true for the lowest-lying 12e, and 9by, TPP? (6e,
and 3b;, Pc?) pmer® FMOs (see Figure S11, where the energy
and localization of the TPP? and Pc? lowest-lying P™x* FMOs
are compared with those of the occupied 2a;, P™r MO).
Berkowitz,?® in his seminal paper devoted to the investigation
of gas-phase PE spectra of H,Pc and selected MPcs (M = Mg,
Fe, Co, Ni, Cu, and Zn), pointed out that, even in the metal-free
species and in the MgPc complex, the lowest IE systematically
occurs at ~6.4 eV, thus concluding that it corresponds to the



electron ejection from a P™¢r FMO rather than from an M-based
MO. As such, Nardi et al.2* stated that the CuPc¢ 2a,, HOMO
and the 16b,, singly occupied MO (the half-occupied Cu 3d,e.
,2-based orbital, Cu-NP¥ antibonding in nature) are quasi
degenerate (AE = 0.1 eV) in the GS; nevertheless, the
accounting of the electronic structure relaxation upon ionization
through Slater TS calculations removes such a quasi-
degeneracy (see Figure 2 in the main text).V In addition, it must
be underlined that nodal properties of a;, MOs imply a node on
the Dy, oy and 64 symmetry planes,! which sterilize the NP and
X™ 1t (2p,) AOs participation to the corresponding MOs (see
Figure S11). The inspection of Figure S11 testifies that, even
though the P™1t* e, and b;, MOs, have similar localizations on
the pmc of the TPP? and Pc? ligands, the opposite is true when
their energy position relative to the P™°m 2a;,, MO is
considered.V! More specifically, the relative energies of the Pc®
pmer” e, and by, MOs are lower than the corresponding TPP*
pmerr* MOs, and this is more evident for the b;, MOs because of
the nil localization on the N®¥ 2p, AOs (a consequence of the
presence of o, nodal planes)! and the significant participation
of C (N™) 2p, AOs to the TPP?> (Pc?) 9by, (3by,) MO. The
relative energy position of the 9b;, and 3b;, MOs in TPP?- and
Pc?, respectively, might determine significant differences in the
MTPP and MPc =m acceptor capability and then in the
substrate — adsorbate charge transfer when chemisorption
processes are considered. As a whole, the shrinking of the
coordinative pocket induced by the presence of N™ atoms
combined with the energy position of low-lying P™1* FMOs,
more stable in H,Pc than in H,TPP (H,TPP and H,Pc LUMO
TSEAs values are 1.68 and 2.30 eV, respectively), provide a
convincing explanation of why the Pc? ligand field is stronger
than the TPP? one.V"" These results allow us to foresee a
stronger substrate — adsorbate charge transfer in MPc/CM
interfaces than in the MTPP/CM ones, a consequence of the
better energy matching between SALCs of the SCM AOs and
MPcs unoccupied FMOs.

ESL.2 Frontier electronic structure of MTPP & MPc
isolated complexes (M =V, Cr, Mn, Fe, Co, Ni, Cu, and Zn).

VTPP and VPc. The lack of literature data for the fourfold
coordinated VTPP and the synthesis of the D4, VPc in extreme
conditions ten years ago>® must be underlined before anything
else. In addition, it may be useful to remember that two papers,
published more than forty years ago, report the synthesis and
the structural determination of the hexacoordinate complexes
[V(OEP)(L),] (L = PPhMe,,’”3® THF3?), and a more recent
contribution describes the synthesis of [V(TTP)(L),] (L = THF)
without reporting any structural determination.>® As such, it is
noteworthy that the mean V-NP bond lengths in [V(OEP)
(PphMe;,),] (2.051 A)*7 and [V(OEP)(THF),] (2.046 A)* are in
quantitative agreement with the V-NP¥ distance herein
optimized for the Dy, HS VTPP (2.046 A, see Table S12; VTPP
optimized Cartesian coordinates are reported in Table S13).
The electronic configuration of the isolated VI ion is 3d?

and, in principle, the three 3d electrons may be distributed in
10!

120 (3! X 7!y different ways among the ten 3d-based SOs.
Nonetheless, the VI oe,-like °b;, SOs, V-NPY antibonding in

nature, can be safely disregarded because of their high energy
position (vide infra). In the hypothetical VTPP, the three 3d
8!

electrons can be then distributed in 56 (3! X 5!) different ways,
straightforwardly grouping in the *A,,, “Byg, “Eg, 3 % 2A44, 2 x
2A3q, 2Bag, 7 x ZE, states by exploiting the spin factoring

method.*° The HS state herein assumed is based on the evidence
that: i) VPc is characterized by a VI' HS GS (“E,)*'*? and ii) the
TPP? ligand field is weaker than the Pc> one.>* Analogously
to VPc,*42 the ADF “E, term corresponds to the VTPP GS,
more stable than “B;, and *A,, states by 123 and 278 meV (see
Table S14), respectively. V"X In addition, as anticipated, the
VTPP °e,-like 12b;, SOs are significantly higher in energy (> 2

B
eV) than the VTPP ™,-like IZeg highest occupied SOs.
Finally, VTPP optimized geometrical parameters are negligibly
affected by the different occupation numbers of the V 3d-based
SOs.

Even though no literature data are available for the isolated
VTPP, TS calculations have been run to estimate the IEs of the
topmost occupied V 3d-based and P™°rt orbitals (see Table S11
and the lower panel of Figure 2) as well as the EAs of the
lowermost unoccupied V 3d-based and P™°it* orbitals (see Table
S15 and the lower panel of Figure 2). Data reported in Tables
S11, S15, and Figure 2 reveal that, among the occupied frontier

A
SOs, the V 3d-based 12e9 SOs have the lowest TSIE, thus
mirroring the theoretical outcomes published by some of us for
VPc,*! whose optimized Cartesian coordinates are reported in
Table S16. Additionally, all the TSIEs of the VTPP 3d-based
SOs are lower than those corresponding to the P™°mt ones (

{ {
12a3, and 2alu), whose TSIEs, similarly to H,TPP, are quite
close in energy (see Table S11 and Figure 2).

i
Interestingly, the TSIE of the 201,50 is only tiny affected
upon moving from VTPP to VPc while the opposite is true

12a; 6a :
when the VTPP 2u and VPc ~2u SOs are considered (see
Table S11 and Figure 2). In this regard, it is of some relevance

.
to underline that the pmc localization of the VTPP 12a3, and
{
VPc 6az, SOs is quite similar; thus, the significantly higher

l
TSIE of the 64z SO can be confidently ascribed to the different
GS energy position of the two SOs in the “E, VTPP (-5.01 eV)
and “E, VPc (-6.60 eV) GS. This is a consequence of the nodal
properties of the a,, wavefunctions, symmetric with respect to
the o4 reflection planes (those passing through the X” atoms) in
the Dy, symmetry point group.! By the way, the participation of
7 (2p,) X™ AOs to ay, SOs provides a rationale for the higher

1
stability of the VPc 643 SO (the N™ 2p, AOs contribution
amounts to 35%; Ny = 3.04%-%%) compared to that of the VTPP

1
12a5, one (the C™ 2p, AOs contribution amounts to 56%; ¢y =
2.5543-44),

Before considering the VTPP and VPc LUMO TSEAs, it

must be kept in mind that the “E, GS of both complexes is
n T
characterized the presence of a single electron in the V 1&g

frontier SOs (see Table S14); thus, the lowest TSEA will

n 1
correspond to that of the L €9 SOs (see Table S15 and Figure
l
2). Moreover, it must be underlined that the VTPP (VPc) 1269
{
(669) SOs do not correspond to the spin ¥ partners of the V 3d-

w7
based 1€ SOs, but rather to Pm°x* orbitals having a
contribution from V 3d,,/3dy, AOs 0of 9% and 12% in VTPP and
VPc, respectively. Interestingly, VTPP and VPc LUMO TSEAs
are larger than those corresponding to the P™°t* MOs (see Table

h
S15 and Figure 2); moreover, the TSEA of the VTPP 12e, SOs
6 T

is significantly lower than that of the VPc €9 ones, tempting
us to foresee a higher V!' electron acceptor capability in VPc
than in VTPP.



As a whole, despite the TPP? and Pc?- different ligand field
strength, VTPP and VPc i) share the same GS term (‘E,); ii)
consistently with the weaker ligand field of TPP-2 compared to
the Pc? one,>* the optimized V-NPY bond length in VTPP is
longer than that optimized for VPc (2.046 A vs. 1.996 A; see
Table S12); iii) quartet states, some of which in Table S14, are
all characterized by the occurrence of at least one vacancy in
the V 3d,2-based MO.

CrTPP and CrPc. The four-coordinate CrTPP was first
prepared and characterized in late 197834546 Despite Cr!!

carries four 3d electrons, which could be distributed in 210 (
10!

4! X 6ly different ways among the ten 3d-based SOs, the Cr!!
Seg-like °bj, SOs, Cr-NPY antibonding, may be safely
disregarded because of their energy position (vide infra). This
means that the four 3d electrons of CrTPP may be distributed

in 70 different ways among the remaining eight 3d-based SOs (
8!

4! X 41y factorizable in the SBig, *Atg, 3 X 3Agg, 3Big, 5 x 3E,, 5
x 1Ayg, 1Ay, 7 x 'E, states.** Cr'TPP corresponds to a highly

reactive Cr!l d* HS complex (magnetic moments measurements
298K

provide Hocor = 4.9ug)* whose GS is uniquely defined by the
5By, spectral term.

The ADF GS configuration (see Table S14) agree with such
a picture even if the relative energy position of Cr'! occupied

a T . T eTT
3d-based SOs (the °“1g SO is more stable than the L~ g SOs by

n 1T
196 meV) differs from that obtained by Cook et al. (L1 €9 SOs
T

are more stable than the °*19 SO; see Figure S55 of ref. 47) by
carrying out DFT calculations, using the 4.1.2 version of the
ORCA package,*® and a different XC functional. As far as the
Bjy CrTPP optimized structural parameters are concerned
(CrTPP optimized Cartesian coordinates are reported in Table
S17), no comparison can be made with data reported by Cook
et al.#’ because, even though they claim the geometry
optimization of all the structures they considered, no detail
about the geometrical parameters of the isolated CrTPP is
reported in their contribution. Anyway, the inspection of Table
S12 indicates that the optimized ADF Cr-N® bond length
(2.035 A) quantitatively agrees with the experimental value
(2.033 A) reported by Scheidt and Reed*5-%¢ and, similarly to
the VTPP/VPc pair, it is longer in CrTPP than in the CrPc By,
GS (1.982 A;*! CrPc optimized Cartesian coordinates are
reported in Table S18).

Interestingly, the CrTPP GS, independently of the relative
position of Cr!' occupied 3d-based SOs, is characterized by the
Cr'! oe,-like 12b;, SOs significantly higher in energy (> 3 eV)

1
than the CrTPP HOMO and the empty Cr 3d,2-based 25a19 SO.
Moreover, it must be underlined that, analogously to VTPP, the

!
12e4 505 do not correspond to the spin ¥ partners of the Cr!!

s
te-like 1€y SOs, but rather to the P™x” orbitals having a
minute contribution (7%) from the Cr' 3d,,/3d,, AOs.

Despite several synthetic routes reported in the literature for
CrPc,*-5! the lack of any single crystal X-ray structure must be
stressed. Some of us have thoroughly considered the electronic
properties of CrPc in ref. 41 (occupation numbers of Cr!' 3d-
based SOs and their relative energy position mirror the CrTPP
ones; see Table S14); thus, we will limit ourselves to reminding
here that, even though the >B;, GS has been experimentally
revealed*->? and theoretically predicted,*-** the localization of
the occupied frontier SOs is still controversial. Indeed,
numerical experiments carried out by Arillo-Flores et al.>? are
consistent with the absence of any contribution from Cr'! 3d

AOs to the HOMO and LUMO, mainly localized on the pmc,
which is certainly correct for the Cr-free 2a;, HOMO, but only

1
partially true for the b€y Jowest unoccupied SOs whose
localization on the Cr 3d,, and 3dy, AOs, similarly to the CrTPP

l
IZeg SO, is tiny but not negligible (10%). As such, it is

noteworthy that, differently from VPc, whose three highest
lying SOs are V 3d-based orbitals, the CrPc HOMO is the Cr-
free, 2a;, "™t MO.

Even though the IEs of CrTPP and CrPc frontier SOs have
never been measured, the inspection of Table S11 and Figure 2
is particularly interesting because it reveals that, contrary to
VTPP and VPc, the lowest TSIEs correspond to the ionization

mc, 12a ! 2a !
from Pmer MOs (the Cr-free, CrTPP 2uand CrPc ““1u SOs).
In this regard, it is noteworthy that the GS CrTPP HOMO and

HOMO-1 are the Cr! 1 (12€4) and oy, 2501y 505,
respectively, thus indicating a strong relaxation upon ionization
of the Cr 3d-based SOs.V

Two further points deserve to be underlined upon moving

from VI to Cr'l: i) the quite large and constant (vide infia)

ATSIE between the 2%2u and 6%2u TSIEs (~1.5 eV, see Table
S11 and Figure 2); ii) LUMO TSEAs are very different (see
Table S15 and Figure 2) and this has to be ultimately traced
back to the different nature and localization of the LUMO in V!!
and Cr'' complexes.

MnTPP and MnPc. The four-coordinate MnTPP was prepared
and characterized by the Scheidt group>* as almost
contemporary of CrTPP* and, similarly to Cr'!l in CrTPP, Mn!!

K

298
has an HS configuration Hcor = 6.0ug);> i.e., the five Mn!!
3d electrons are homogeneously distributed among the five 3d
AOs and the Dy, MnTPP GS corresponds to the °A; ¢ state. As
far as the remaining quartet and doublet states are concerned,
they are 3 x *A,, 3 x *Ayg, 3 X *Big, 3 X “Bog, 6 X Ey, 11 x 2A 4,
8 X 2Ag,, 10 x 2By, 10 x 2By, 18 x 2E,, for the total of 252 (
10!

5!'x 51 different ways of distributing the five 3d electrons
among the ten 3d-based SOs.** The MnTPP HS °A;, GS,
combined with the experimental and theoretical evidence that
MnPc has an IS state,3-441:35-56 yltimately confirms the weaker
ligand field of TPP? compared to that of Pc?.

The D4, MnTPP free molecule has been herein investigated
by running a series of ADF numerical experiments assuming
either a HS (five unpaired electrons) or an IS (three unpaired
electrons) state. Preliminary HS calculations have been carried
out by adopting the same setup exploited for lighter MTPP and
imposing either no constraint or the presence of five unpaired
electrons in the Mn 3d-based SOs. Calculations slightly
converged to a non-Aufbau SOs occupation; moreover, in
contrast with the experimental evidence,>* the °A;, HS state
resulted less stable than the 4A,, and “E, IS states. A further
series of numerical experiments has been then carried out by
adopting the hybrid B3LYP3-% XC functional (see the
Computational details section in the main text). The better
treatment of the exchange potential allowed, even in the
absence of any constraint, a smooth and fast convergence for
the °A;, HS state (see Table S14), more stable than B3LYP 4A,,

n M TrpTnrgl PR P & N 1
([iegcalgnbzgnbzg])’vm 4B|g ([||bzglego'algcalg]),Vlll and

. T[bTTceTTaTr(el

E, ([1I729 L% g°"1g L=g])VIL IS states by 188, 421, and 622
meV, respectively. As conceivable, the optimized A, GS Mn—
NiP¥ bond length results a bit longer (2.095 A, see Table S12)
than those optimized for the *A,, (2.031 A), *By, (2.029 A), and
B, (2.011 A) stateTs, as a consequence of the occupation of the

Mn! ce,-like ob1g SO, Mn-NPY antibonding in character



(MnTPP B3LYP optimized Cartesian coordinates are reported
in Table S19).XIn this regard, it must be mentioned that Scheidt
and Reed, in their review devoted to the spin-
state/stereochemical relationships in Fe porphyrins,® explicitly
underlined the Mn discontinuity, assigned to the Mn HS
configuration, in the M-N bond length decreasing upon moving
from CrTPP to NiTPP (an effect of increasing effective nuclear
charge).

Differently from VTPP and CrTPP, gas-phase Hel PE data
are available for most of the remaining MTPP herein
considered;?® moreover, experimental information about the
MnTPP EA is also accessible.%! Despite this seemingly valuable
asset, several points must be underlined before attempting a
comparison between experiment?>! and theory: i) Khandelwal
and Roebber recorded the gas-phase PE spectra of the H,TPP
and MTPP (M = Mg, Mn, Fe, Ni, Cu, and Zn) but the only
spectral patterns actually displayed in their paper are those of
MgTPP and ZnTPP;X! ii) the IE position of H,TPP and MTPP
(M = Mn, Fe, Ni, and Cu) main features are collected in Table
1 of their contribution;?° iii) the authors emphasize the close
similarity of all the PE spectra and the absence of significant
shifts in the IE positions of PE peaks along the investigated
series; X' iv) gas-phase PE spectra are all recorded at the photon
energy of the Hel resonance (21.2 eV), thus preventing the
exploitation of the different C, N, and M ASPCS? within the
Gelius model?® to assign more confidently the experimental
evidence.

MnTPP B3LYP TSIEs reported in Table S11 but not
displayed in Figure 2 for the sake of homogeneity are consistent

1
with the presence of two high-lying Pm°n SOs (the 2ay, and

l
12a3, orbitals) tiny affected upon moving from the free ligand
to MTPP complexes;!V nevertheless, theoretical outcomes
herein reported state that the lowest MnTPP TSIE corresponds

1
to the Mn'-based °e,-like (12b19) SO, Mn—-NP¥ antibonding.
Experimental evidence pertinent to MnPc (vide infra) and
drawbacks affecting the MTPP PE data collected by
Khandelwal and Roebber half a century ago?® would then make
desirable further gas-phase IE measurements at different photon
energies to wrap up this matter.

As far as the MnTPP EA determination is concerned, the

experimental value (1.6 = 0.1 eV)%! qualitatively agrees with

1
the TSEA of the ligand-based 1269 SO (1.33 eV, see Table
S15); nevertheless, it has to be stressed that Buytendyk et al.o!
did not provide any specific assignment of the adiabatic EA
they measured.

Likewise VPc and CrPc, the electronic properties of the IS
MnPc free molecule have been thoroughly described by some
of us in ref. 41; thus, we herein limit to reminding that MnPc,

at variance to MnTPP, carries only three unpaired electrons (
298 K

K cor = 4.34up)? and its “4E, GS (see Table S14)X" agrees with
DV-Xa calculations®> and experimental least-square
population®® (MnPc optimized Cartesian coordinates are
reported in Table S20). In this regard, it must be noted that
CASSCEF calculations carried out by Wallace et al.> point to a [
Tplm gt o1 . o
[172g L= go™1gIVIIl configuration (*A,,) explicitly excluded by
Reynolds and Figgis because of the high observed 3d,. spin
population.®? In addition, Wallace et al. themselves agree that
the MnPc GS corresponds to the A, eventually mixed with a
low-lying “E, excited state.XIV

Similarly to lighter complexes, the Mn—-NY bond length
corresponding to the MnPc GS (1.952 A, see Table S12 and
Table S20) is, in agreement with the experimental evidence,*
significantly shorter than that characterizing the MnTPP GS as

N
a consequence of the bareness of the Mn'"-based %e,-like Gblg
SO determined by the stronger Pc?" ligand field.

Despite the MnPc IS state, its lowest TSIE corresponds to

the Mn 3d-based 662 SO at ~600 meV from the 2a1lu TSIE, tiny
affected along the whole MTPP/MPc series (see Table S11 and
Figure 2). This result, perfectly in tune with experimental and
theoretical data reported by Grobosch et al.** and Bidermane et
al.,% arouses further suspicion about the experimental evidence
reported by Khandelwal and Roebber for MnTPP.??

A few additional points must be underlined before tackling
isolated FeTPP and FePc molecules: i) the fairly constant

{ {
ATSIE between the 12a3, and 6az TSIEs upon moving from
MTPP to MPc¢ (~1.5 eV, see Table S11); ii) both the HS MnTPP
l

and the IS MnPc GS carry a vacancy in the e,-like s1g SO

1 1

(the 25a19 and 21%14 ones in MnTPP and MnPc, respectively);
iii) the highest MnPc TSEA (2.84 eV, see Table S15 and Figure
2) corresponds to a P™1r* SO.XV The outcomes herein reported
shed then new light on the qualitative assignment proposed by
Yoshida et al. for their IPS results.0%XVI

FeTPP and FePc. FeTPP was first synthesized and
characterized in the middle of the seventies by the Reed
group.®’” Despite Fel! has a 3d® configuration, which may
generate HS (S = 2), IS (S = 1), and LS (S = 0) states,
stereochemical data, outcomes of Mossbauer spectroscopy
recorded in different applied magnetic fields at temperature
ranging from 4.2 to 300 K and magnetic moment measurements
at RT prompted Collman et al.®’ to point a FeTPP IS GS.
Among the 4 x 3A 1, + 7 x 3A5, + 2 x 3By, + 2 x 3By, + 15 x 3E,

10!

IS states, including 135 of the 6! x 4! microstates, those
having unoccupied Fe'! °b;, SOs are only 18 (A, + 3By, + 2 x
3E,).*0 Information about their relative energy has been
obtained by carrying out a series of numerical experiments for

. . . aTl le eTT
the constrained electronic configurations [° 19™ 29™ g] (3A2%),
T

T Tl TN T T
[0P1g7P2g%€ g | (3B,,), 190297 g ] CE,0) and [*M1g7P2g7

€9 (CEg®). According to literature experimental®’-’! and
theoretical results’>73 the FeTPP ADF GS is the 3A,, state (see
Table S14; FeTPP optimized Cartesian coordinates are reported
in Table S21). In this regard, it is noteworthy that RASPT2
calculations carried out by Vancoillie et al.”* on FeP indicate a
3A,, GS and ascribe the FeTPP high magnetic moment (4.445)
to spin-orbit coupling with the very close 5A, and 3E, states.

Before going on, it is worthwhile mentioning that
Nachtigallova et al.,”> based on >’Fe Mdssbauer spectroscopy
of FePc in crystalline form and in frozen monochlorobenzene
and superconducting quantum interference device magnetic
measurements coupled to state-of-the-art computational
methods (CASPT2 and DMRG) assigned a S =2 GS to the FePc
isolated molecule. The awareness that Pc? generates a stronger
ligand field than TPP? casts the doubt that a S = 2 GS might
characterize the isolated FeTPP too. A further series of
numerical experiments on the free FeTPP have been then
carried out by assuming either S = 1 or S = 2, adopting the
hybrid B3LYP exchange-correlation potential,’’~>° and
avoiding any constraint on the Fe 3d-based MO occupation
numbers. Analogously to the BP86 outcomes, the B3LYP
FeTPP GS corresponds to the 3A2g state, more stable than the
A, one by 203 meV.

As far as the FeTPP structural parameters are concerned,
the agreement between the experimental Fe-NP¥ bond length®’
and the ADF BP86 one is satisfactory (see Table S12); in
addition: i) the Fe-NPYbond length value reported in Table S12



well agree with the B3LYP one estimated by Shah et al. (2.01
A),76 ii) minor variations are present among the triplets of
different symmetry. As such, it is noteworthy that although the
AE between the 3E,(1) state and the 3A,, GS is of the level of
uncertainty of the numerical experiments herein carried out (see
Table S14), the TSIEs of the Fe!! 3d-based °e,-like 25a;, and
"tye-like 12e, SOs are significantly different in the two cases
(compare data reported in Table S11 with those included in the
note XVII). Even more specifically, the lowest 3A,, (CE,()
25a,, (1Zel

TSIE corresponds to the ionization from the 9) SO.
T !
At variance to that, the Fe!l ™t,,-like 19b2y/ 19b29 and the pmec-

based 2a1Tu/2a1lu and 12a2u/12a2lu n orbitals are filled
independently of the GS symmetry, and corresponding TSIEs
are negligibly affected upon the 3A,, — 3E,() GS switching.
Unfortunately, any comparison with the experiment is
hampered by the hitches affecting the Khandelwal and Roebber
PE data;? there is however further evidence that might turn out
as conclusive of the 3A,, FeTPP GS. BP86 ADF outcomes

12¢} s
9 LUMO of the A, GS corresponds

{
12€4 1 UMO of the 3E, )

indicate that the empty
to aPmerr* SO, while the half-occupied

m
is strongly (67%) localized on the Fel' 19 AOs. The 3Ase
LUMO TSEA is 1.85 eV (see Table S15), which numerically
agrees with the experimental EA value reported by Chen et al.
(1.87 eV),”” while the 3E,() LUMO TSEA is 2.22 eV .XVll

Despite the FePc first synthetic route being due to the
Linstead group and dating back to the mid-thirties,”8-% both its
spin state (S = 1 vs. S = 2) and the GS symmetry are still
debated.+#1:55-56.75.85-90 Most of the literature DFT data indicate
a S =1 state (occupation numbers of the Fe! 3d-based SOs are
highly sensitive to the adopted XC functional and basis
set),¥1.85-86.90 the same S = 1 value is predicted by CASSCF
calculations carried out by Wallace et al.,3oXIV-XVII-XIX while
CASPT2 and DMRG methods assigned a S = 2 GS to the
isolated FePc.”

ADF outcomes, independently of their non-relativistic*! or
quasi-relativistic®® nature, point to a 3A,, IS GS very close to
the 3E,() and 3B,, states (see Table S14). Moreover, alike
FeTPP, the FePc 3E,? state is much higher in energy (532 meV)
and it implies a non-Aufbau filling of one-electron energy
levels. The agreement between experimental and optimized
structural parameters (see Table S12; the 3A,, FePc optimized
Cartesian coordinates are reported in Table S22) is satisfactory
and substantially independent of the GS symmetry.

Similarly to FeTPP and just for the sake of completeness,
besides BP865-58  calculations, B3LYP5"° numerical
experiments have been run also for FePc within the assumption
of S=1 or S =2; the *B,, GS was found more stable than the
A, state by 207 meV.

Several authors have tackled the study of the FePc PE
valence band,?23:639 whose lowest IE region is characterized
by the presence of a sharp band at 6.36 eV, assigned to the
ionization from a P MO, having an evident broad shoulder
on its higher IE side (6.88 eV), which Berkowitz assigned to the
ionization from a Fe!' 3d-like orbital.> BP86°7-5% FePc TSIEs
values reported in Table S11 and displayed in Figure 2 perfectly
agree with the experimental evidence obtained by Berkowitz?
and Bidermane et al.% and allow us to assign the sharp peak at

1
6.36 €V to the ionization from the 2%*1u pme SO (see Figure
S11), whose TSIE is substantially the same along the whole
MPc series herein considered (see the upper panel of Figure 2).
As far as the broad shoulder at 6.88 eV is concerned, in tune
with its relative intensity increase upon changing the ionizing
source (Hel — Hell — AlKa,; see Figure 13 of ref. 23),'!! this

is assigned to the ionization from the closely spaced Fe!! °e,-like

l T !
oa, (21%1g) and 1129 (1#P29) 0.

The Hel PE spectra of H,Pc and MPc molecules
investigated by Berkowitz?* are also characterized by a broad
band whose IE ranges between 8 and 9 eV. Data pertaining to
the IS FePc (see Table S11 and the upper panel of Figure 2)

prompts us to ascribe this spectral feature to the ionization from

6a, . e, 6e!
the =~ 2u pmerr SO (the lower IE side) and the Fel' L™9 (7~ g) SOs.
As a final remark, let us mention that TSIE calculations have
been also run for the 3E,(1 state but the agreement between

experiment and theory was worse with the lowest TSIE (6.49
T

eV) corresponding to the ionization from the Fel! 1% 50 (the

2a}
1u SO TSIE = 6.53 eV).

Moving to the FePc unoccupied electronic states, to the best
of the authors’ knowledge, the only study specifically devoted
to this subject is that published by Yoshida et al.®® who
indirectly measured the energy of the FePc EA levels through
IPS and assigned them by referring to the EHT results obtained
by Schaffer et al.”! and the DV-Xa outcomes of Reynolds and
Figgis.%? The comparison with TSEAs reported in Table S15
and Figure 2 is somewhat tainted by the starting assumptions of
Yoshida et al.® that the FePc GS might be either of symmetry
E, (ir Bzﬁ’ witl% the emptly Fe-based SOs corresponding to the
T

L ey, "aly, ob 1g, and "bly orbitals in the former case and to the
[1"2g,9"1g,°"1g, and °" 19 orbitals in the latter. In other words,
the FePc first affinity levels are all Fe 3d-based.XV!! In this
regard, despite the agreement between the highest FePc TSEA
herein reported (2.61 eV; see Table S15 and Figure 2) and the
first EA computed by Liao et al.8 (2.92 eV)XX it must

underline that the unoccupied 669 SOs do not correspond to the

o T
spin ¥ Fe-based L €g partner but, similarly to lighter MPc (vide
supra), to P"°r* SOs.

CoTPP and CoPc. CoTPP is a LS magnetic molecule first
synthesized and spectroscopically characterized by Rothemund
and Menotti at the end of the forties,*? while its molecular
stereochemistry has been determined much more recently by
the Scheidt group.®® The three holes present in the Co" 3d SOs
determine the same number of microstates (120) and the same
grouping valid for V' in VTPP; nevertheless, both
experimental®™>®’ and theoretical’>7>94%  evidence are

6
consistent with a CoTPP 2A;, LS GS generated by the wlzg.o
1
€g-like configuration (see Table S14). Incidentally, the 2E, LS
5

2
state generated by the wt2g.5€y like configuration is less stable
than the 2A, GS by 172 meV (see Table S14).

The outcomes of the present BP86 numerical experiments
well-agree with the literature results concerning the CoTPP GS
symmetry, the spin multiplicity’>7393-949 and the structural
parameters (CoTPP optimized Cartesian coordinates are
reported in Table S23).457693 As such, the inspection of Table
S12 reveals that our ADF results perfectly reproduce the
progressive M—NPY bond length decreasing upon moving from
CrTPP to NiTPP (with the MnTPP anomaly).®0

To the best of the authors’ knowledge, no gas-phase PE data
is available for CoTPP (Khandelwal and Roebber investigated
the TPP?- complexes of the Mg, Mn, Fe, Ni, Cu, and Zn).?
Nevertheless, it is worth mentioning that i) Nakato et al.®
estimated the lowest-lying gas-phase CoTPP IE by
photocurrent measurements in non-polar solvents by
concluding that photo-ejection involved a P™r orbital; ii)
Scudiero et al.!% recorded the Hel PE spectra of a 4 nm film of
CoTPP vapor-deposited on a clean polycrystalline gold



surface X*X! With specific reference to the Scudiero et al.!%
measurements, the IE region extending from ~6.0 to ~7.5 eV is
characterized by the presence of a rather weak and broad band
centered at 6.6 eV followed by an even weaker feature, not
mentioned by the authors but hardly ascribable to the
background noise, at ~7.5 eV (see the Figure 5 inset of ref. 100).
A further broad and rather intense PE band lies at 8.8 eV. The
agreement between CoTPP TSIEs reported in Table S11 and
Figure 2 and the experimental evidence®®'% is very
satisfactory. The lowest IE peak is assigned with colnﬁdence tlo
the ionization from the quasi-degenerate Pt 12ay, and 2ay,
SOs, while the higher IE side of the peak centered at 6.6 ¢V and
the IE spectral region extending till ~7.5 eV should include the

T
ionizations from the Co 3d-based ™,,-like SOs. The 25a1g SO
TSIE is 8.94 eV and we tentatively assign it to the feature
revealed by Scudiero et al. at 8.8 eV.1%° The peculiar IE of the

+
25ay, SO (the GS HOMO) is a consequence of the very strong
relaxation upon ionization determined by its lone pair nature

1
(the contribution of the Co 3d,2 AO to the °e,-like 25a19 SO
amounts to 87%).V

An interesting issue concerns the CoTPP EA. Scudiero et
al.,!% based on STM and STM-OMTS results collected for sub-
ML films of CoTPP on polycrystalline gold, assigned the first
affinity level (3.5 eV below the vacuum level) as due to the
pme* L UMO, while the CoTPP lowest TSEA herein computed
(see Table S15 and Figure 2) corresponds to the fulfillment of
the ®eg-like 25a;, MO. The disagreement is total, and it involves
not only the absolute energy values (3.5 vs. 2.13 eV) but also
the nature of the SO involved in the extra electron capture.
Nevertheless, we cannot be silent about the experimental
evidence reported by Felton and Linschitz on several MTPP
complexes in DMF or DMSO solutions,'?! and by Niwa for
CoTPP and CuTPP.!%? The polarograms recorded by Felton and
Linschitz!®! are characterized by two main waves
corresponding, for the most part, to one-electron reductions. As
such, it has been underlined by the authors that the electron
addition usually involved P™x* orbitals except for CoTPP,
where the reduction occurs in a Co'-based orbital.!!
Additionally, the Co 2p PE spectra of Na/CoTPP collected by
Niwa revealed that Na reduced CoTPP by generating the Co!
species.!0?

CoPc was first synthesized in late 1936 by the Linstead
group’® and much more recently structurally characterized by
X-ray and neutron diffraction.!%3-1% Not surprisingly, the CoPc
LS state is unanimously accepted®235-56:62.86,89,105-107 (the Pc2-
ligand field is stronger than the TPP?- one), while the opposite
is true as far as the CoPc GS symmetry is concerned: Reynolds
and Figgis,? Kroll et al.?® Wallace et al.’® Liao and
Scheiner,!% and Rosa and Baerends'% point toward a 2A;, (*

6 1
tZg—"eg—like) GS, while Liao and Scheiner®® and Liang et al.!?’

5 2
indicate a ’E, (“tzg-“eg—like) GS. The outcomes of our ADF
BP86 numerical experiments (CoPc optimized Cartesian
coordinates are reported in Table S24) are consistent with a 2A

6
GS generated by the wt29.0€g. like configuration, more stable

5 2

than the 2E, (“tZg-"eg-like) state by 231 meV (see Table S14)
and in good agreement with literature results concerning CoPc
GS symmetry, spin multiplicity, and structural parameters.!0
As such, the inspection of Table S12 reveals that the
progressive M—N®¥ bond length decreasing upon moving from
MnPc to NiPc is well reproduced by ADF results.

The situation is a bit more complicated when CoPc TSIEs
(TSEA) reported in Table S11 (Table S15) and displayed in
Figure 2 are compared with literature PES?* (IPS® and

OMTS!98-10%) measurements. Like all the MPc investigated by
Berkowitz,2> the Hel PE spectrum of gaseous CoPc is
characterized by a sharp peak occurring at ~6.4 ¢V and assigned

with confidence to the ionization from the 2ay, pmer SO. The
CoPc lower IE region, and the same holds for NiPc, ZnPc, and
even MgPc (vide infra), also includes a weak shoulder on the
higher IE side of the lowest lying peak (~6.5 eV). Differently
from Rosa and Baerends,'% the systematic presence of this
shoulder at the same IE and the comparison of experimental
data with CoPc TSIEs reported in Table S11 and Figure 2 lead
us to exclude any contribution to this feature due to ionization

{
from i) the 631 pmeyy SO, ii) Co™ ™y,-like SOs, iii) the Co! ®e,-

ool 21a) :

like °“1g (“~"1g) SO, strongly localized on the Co! 3d,2 AO
(84%). The asymmetry of the lowest-lying peak could then be
generated by a vibrational progression of the 3Aj, excited state.

To look into this matter, the Cartesian coordinates of the CoPc™
{

species carrying an empty 2ayy, pmerr SO have been optimized
(see Table S25 and Figure Sl12a where the licorice
representation of the CoPc and CoPc* optimized structures are
superimposed), and the corresponding vibrational parameters
have been compared with those of the neutral molecule (see
Table S26).

The presence of 57 atoms characterizes both MPc and MPc*
(see the lower panel of Figure 1); in the D4, symmetry, the (3 x
57 — 6) = 165 normal vibration modes' can be factorized in
14A, + 13A5, + 14B, +14B,, + 13E, + 6A, + 8A,, +7By, +
7Byt 28E, with A g, Big, By, and E, (A, and E,)) modes being
Raman (IR) active. The AE between the PE peak assigned to the

ionization from the 2ay, pmer SO and the shoulder on its higher
IE side amounts to 190 meV (1532 cm, see Table 1 of ref. 23).

The IR absorption spectra of the H,Pc free base and its M
derivatives (ZM = 26 — 30, 46, 78) were recorded in late 1970
by Kobayachi et al.!'? and thoroughly assigned by Liu et al.!!!
A common spectral feature of the MPc IR spectra is a strong
band having 1480 cm™! < v <1520 cm!, assigned to the 138™
and 139" degenerate IR active normal mode (22e,), and
corresponding to the C*-NPY—C*, C*-N" stretchings and C—H ||
bending.!!! Experimental and theoretical v values of the 22e,
normal mode for the CoPc 2A;, GS and the CoPc* 3A, excited
state are compared in Table S26. The agreement between theory
and experiment is more than satisfactory for CoPc but only
decent for CoPc™ (the IE uncertainty of MPc Hel gas-phase PE
bands is ~1 x 102 eV, i.e., ~80 cm!); moreover, consistently

with the almost perfect superimposibility of the CoPc 2A, and
22e

CoPc* 3A,, optimized structures (see Figure S12a), the V
values estimated for the CoPc 2A, GS and the CoPc* 3A, state
are almost degenerate.

Coming back to the CoPc Hel gas-phase PE spectrum
recorded by Berkowitz,?? the 6.7 < IE < 7.9 region does not
seem to include any spectral feature (see Figure 4 and Table 1
of ref. 23); moreover, the author does not mention the presence
of an evident shoulder on the lower IE side of the intense and
broad peak centered at 8.83 eV. In contrast to that, the PE
spectra of the valence band region of a CoPc multilayer film*X!
deposited on Ag(100) and recorded by using two different
photon energies (126 and 25 eV)!!2 are characterized by an
evident peak at 7.4 eV (see Figure 1 of ref. 112) whose relative
intensity dramatically increases upon switching the photon
energy from 25 to 126 eV." Incidentally, the same holds for the
higher IE side of the spectral feature centered at 8.83 eV, which
splits into two components at the photon energy of 126 eV (see
Figure 1 of ref. 112). Based on this evidence, Salomon et al.



assigned the peak at 7.4 eV and the higher IE side of the broad
and intense spectral feature centered at 8.83 eV to the ionization
from SOs having major contributions from Co! 3d-based
SOs.'"2 TSIEs reported in Table S11 combined with ASPCS
values?® for photon energies of 25 and 126 eVl allow us to
propose a detailed assignment of photoemission processes
taking place in the CoPc valence band region: i) the feature at
7.4 eV is assigned with confidence to the ionization from Co!!

b ™
||ng and L% (14b,, + 6€,) SOs; ii) the lower and higher IE sides
of the broad peak centered at 8.83 eV are assigned to the

l )
ionizations from the 64z, pmerr SO and the ©ayg (Zlalg) SO,
strongly localized (84%) on the Co' 3d,2 AO, respectively.!

The CoPc first affinity level is again a tricky subject.
Yoshida et al % assigned it to the Co!' 3d-based %e,-like

16b19/16blg SOs, while the Hipps’ group, based on OMTS
measurements,'%® proposed to assign the lowest lying feature
(3.7 eV) of the STM and tunnel-diode spectra to the reduction
of the Pmg* LUMO. Even though Hipps and Mazur'®
emphasized that EAs, IEs, reduction, and oxidation potentials
in condensed phases may be different from the gas-phase values
by as much as 2 eV, we cannot avoid underlining that, ADF
BP86 results herein reported indicate that the CoPc LUMO

{
corresponds to the Co' ®a;, (21a19) SO whose TSEA (3.00 eV)
is the highest among those reported in Table S15. In addition, it

t
is noteworthy that the TSEA of the Pmer” 7€19 LUMO+1
amounts to 2.17 eV.

NiTPP and NiPc. Similarly to CoTPP, NiTPP is a LS
molecule first synthesized by Rothemund and Menotti®?> and

structurally characterized many years later.'!'> The two holes
10!

present in the Nill 3d SOs determine 45 (2! X 8!y microstates,
which can be grouped in 3 x 3A,, + 3B,y + 3 x3E, +4 x 1A, +
1Ap, +2 x 1By, + 2 x By, + 3 x 'E, states;** nevertheless, the
NiTPP diamagnetic nature, with the central 3d® Ni'l species
carrying vacancies in the %,-like °by, SOs, and its 'A;, GS are

unanimously accepted.*°%72 In addition, the wl2g.0€g_like
closed shell configuration makes NiTPP, among the complexes
so far considered, the first species whose M 3d,2-based MO is
wholly occupied and unavailable to be involved in any substrate
— adsorbate charge transfer processes.! XXl

ADF BP86 numerical experiments agree with the literature
results concerning the NiTPP GS symmetry and spin
multiplicity. Regarding the optimized geometrical parameters
(NiTPP optimized Cartesian coordinates are reported in Table
S27), the Ni-N®¥ bond length (see Table S12) matches the
B3LYP one estimated by Shah et al. (1.97 A);’6 nevertheless,
the poor agreement with the only NiTPP structural
determination available in the literature!!3 cannot be concealed.
As such, McLean et al.!!3 underlined that the D4y, symmetry they
initially adopted to refine their extended NEXAFS spectra to
optimize the NiTPP geometry produced some unrealistic bond
distance.

Even though the only NiTPP gas-phase PE data in the
literature are those collected by Khandelwal and Roebber,?
Scudiero et al.!% recorded the Hel PE spectra of a 4 nm film of
NiTPP vapor-deposited on a clean polycrystalline gold
surface XX With specific reference to the Scudiero et al.
measurements,'% the IE region extending from ~6.0 to ~7.5 eV
is characterized by the presence of two broad and rather weak
bands centered at 6.5 and 7.2 eV, both of them highly
asymmetric, the former with an evident shoulder on its higher
IE side, the latter with a with an equally evident shoulder on its
lower IE side (see the inset of Figure 2 of ref. 100). A further

broad, intense, and quite symmetric feature lies at 8.7 eV. The
comparison of experimental evidence with the NiTPP TSIEs
reported in Table S11 and displayed in Figure 2 is very
satisfactory. The lowest IE peak and the shoulder on its higher
IE side are assigned with confidence to the ionization from the

1 l
quasi-degenerate P 12a5, and 2ayy, SOs, while the second
peak and its shoulder on the lower IE side should include both

the 1omzat10ns from the Ni'l *t,,-like I €g (12e

ag (Zsalg) SOs. As such, it has to be noted that, not

surprisingly, the 25a1g TSIEs in FeTPP and NiTPP are lower
(the GS 25a1 ¢ MO is completely occupied in both cases) than

the 25a1g one in MnTPP and CoTPP (see Table S11 and Figure
2), independently of the 25a;, MO lone-pair nature (the Ni"' 3d,2
AO contribution to the 25a,, is 89%). As far as the 1onizat10n

from the third Ni' *,,-like SO is concerned (the 12b29 S0), it
should be hidden under the symmetric feature lying at 8.7 eV.
Similarly to CoTPP, there is no consensus about the energy
and the assignment of the NiTPP first affinity level. Scudiero et
al.!% and Chen et al.!? ascribed the first affinity level to a Per”
orbital without indicating if corresponded to the 13e, or 9b;
pmer* MQOs, while Lexa et al.!'s pointed out that the one-electron
electrochemical reduction of NiTPP generates a Ni! complex
rather than the anion of Ni''TPP by populating the Ni' %e,-like

by, 13P1g virtual SO. In addition, STM-OMTS and IETS-
OMTS outcomes reported by Scudiero et al.!% locate the
lowest unoccupied n* MO near 3.4 eV below the vacuum
level, while Chen et al.'® report, for the first EA, a value of
1.51 eV. Moving to the literature theoretical results, Liao and
Scheiner72 evaluated the relative energies of the NiTPP- 2E, (*

9) and °e,-like

tzg" 9 9’ 0 meV) and 2By, (”tZésJ"e;, 80 meV) states, the former
(latter) corresponding to the Ni'"TPP (Ni'TPP) anion (radical)
whose unpaired electron occupies the Pmer* (Ni'! 3dy2.y2-based)
13e19 (12blg) SO.

ADF BP86 outcomes of our numerical experiments indicate
that the NiTPP GS LUMO and LUMO+1 correspond to the Ni'!
oe,-like 3dy.,2-based 12by, and the Pmex® 13e, MOs,
respectively (AE = 350 meV). Interestin%ly, their TSEA values

are not only very similar but the 13819 TSEA (1.53 eV) is

higher than the 12b19 one (1.47 eV, see Table S15 and Figure
2). As a whole, besides the unsurprising agreement between our
results and those reported by Liao and Scheiner,”? theoretical
outcomes herein reported perfectly match both the energy and
the assignment of the NiTPP first affinity level reported by
Chen et al.’®

NiPc was first synthesized’® and  structurally
characterized!' by the Linstead group in the mid-thirties;
however, a much more recent structural determination of the
isolated NiPc molecule is present in the literature.!!? Similarly
to NiTPP, NiPc is a closed shell molecule whose GS symmetry
and spin multiplicity ('Aj,) are unanimously accepted.’?>-
36.86.89,105-106 The outcomes of our ADF BP86 numerical
experiments (NiPc optimized Cartesian coordinates are

6
reported in Table S28) are consistent with the 'A;, GS (“tzg-c’

2
€g-like) and reproduce quantitatively the structural data of
Tverdova et al.!'7 (see Table S12).

As already mentioned, the lower IE region of the CoPc and
NiPc Hel PE spectra are very similar.2? More specifically, the
spectral feature at the lowest IE corresponds to a sharp peak at
6.38 eV with a shoulder on its higher IE side (6.55 eV). The
inspection of the NiPc TSIEs reported in Table S11 and the



assignment we proposed for the FePc and CoPc lower IE region
of corresponding Hel PE spectra prompt us to ascribe the peak
at 6.38 eV and its shoulder at 6.55 eV to the ionization from the

{
2ayy, pmerr SO and to the 22e, normal mode of the NiPc™ 2A,,
excited state (see Table S26), respectively. As in CoPc, the
optimized structures of the NiPc 'A;, and NiPc* 2A, states (the
optimized Cartesian coordinates for NiPc carrying an electron
vacancy in the 2a;, MO are reported in Table S29) z;rze perfectly
e

superimposable (see Figure S12b) and the V “ values
estimated for the 'A;, GS and the %A, excited state are almost
degenerate. The agreement between theory and experiment! !
is excellent for NiPc but only decent for NiPc*. As such, it must
reiterate that the shoulder IE location in Figure 5 of ref. 23 is a
matter of taste and the IE uncertainty of the MPc Hel gas-phase
PE bands is ~1 x 102eV (80 cm™).

Before addressing NiPc spectral features extending beyond
7 eV, it must be pointed out that the assignment we propose for
the shoulder at 6.55 eV is in evident contrast with the one
suggested by Rosa and Baerends.'% Despite the AE between the
peak at the lowest IE, systematically found at ~6.4 eV, and its
shoulder on the higher IE side being the same (~150 meV) for
MgPc, CoPc¢, NiPc, and ZnPc¢,?® they proposed to ascribe the
shoulder to the ionization from different MOs along the
series. 100

The 7.5 eV <1E < 10.0 eV region of the NiPc Hel gas-
phase PE spectrum recorded by Berkowitz includes two well-
defined spectral features: a weak peak? at 7.75 eV and a broad,
intense, and structured band centered at 8.81 eV with evident
shoulders on its lower and higher IE sides. In addition,
Berkowitz?* compared and aligned his gas-phase data with the
X-ray PE outcomes recorded by Hochst et al.?? by using a
monochromatized AlKo radiation (1487 eV) and agreed with
the qualitative assignment they proposed (see Figure 11 of ref.
23). In more detail, the weak peak at 7.75 eV was associated to
the ionization from the Ni °e,-like 21a;, MO while the
shoulder on the lower (higher) IE side of the broad and intense
band centered at 8.81 eV was assigned to the ionization from

T T
the L %2g-like (11%29-like) MOs. As such, it must be noted that
the energy order of ionizations from Ni' 3d-based MOs
proposed by Hochst et al.?? and shared by Berkowitz?? is that
corresponding to the NiPc GS; i.e., no relaxation upon
ionization was considered.V

NiPc TSIEs reported in Table S11 prompt us to assign the
weak peak at 7.75 eV, whose relative intensity dramatically
increases upon moving from the Hel to the AlKo ionizing

m l
source,? to the ionization from the Ni'! L t2g-like 629 SOs. The
l
following band will then include ionizations from the 6%2u pmeg

Ty b { a 1
SO, the II"2g-like 6729 SO, and the °eg-like 21719 SO whose
lone pair character is once again confirmed (the Ni' 3d,

l
participation to the 21%19 SO is 87%)."

?
Similarly to NiTPP, the 10P19 LUMO TSEA (1.88 in

Table S15 and Figure 2) is not the TSEA largest value,
1

corresponding to the Pmer* 79 SO (2.19 V). This evidence
obviously agrees with theoretical data reported by Liao and
Scheiner, but reproduces only qualitatively the literature’s
experimental results.®®!® More specifically, the lowest lying
peak of the IPS spectra of NiPc thin films® and
NiPc/Ag(111)'8 lies at ~1 eV above the Fermi level, and has
been tentatively assigned to the unresolved superposition of the

T 16b1T Sy 118 iti
eg-like g and Pmer” 7%g SOs.!18 In addition, the lowest
lying resonance of the NEXAFS spectra of NiPc thin films at

the C, N K-edge and Ni L,3-edges has been assigned to
transition from SALC of C and N 1s AOs and from the Ni 2p
AOs to the quasi-degenerate 7e, P™n" and Ni %e,-like 16b;,
SOs.

CuTPP and CuPc. Analogously to other MTPP herein
considered, CuTPP has been firstly synthesized by Rothemund
and Menotti®> and structurally characterized several years
later.!" CuTPP is an open-shell molecule with its single

h
unpaired electron occupying the Cu “eg-like 12b19 SO and then

having a 2By, GS. As a part of a systematic investigation of the
electronic properties of materials usually labeled as energy-
targeted, some of us thoroughly investigated in the past the
occupied and empty electronic structure of CuTPP*>32 and CuPc
films!20-122XXI deposited on gold by combining UV and X-ray
PE spectroscopy, NEXAFS spectroscopy at the C and N K-
edges and Cu L, 3-edges with the outcomes of DFT and time-
dependent DFT calculations; in the following, we will then limit
ourselves to reminding the main literature results (CuTPP
Cartesian coordinates herein reported in Table S30 just for the
sake of completeness are those optimized in ref. 32). Moreover,
a thorough comparison between theory and experiment has
been already addressed in ref. 32 and will therefore not be
considered further.

To the best of the authors’ knowledge, the only gas-phase
PE data available for CuTPP are those reported by Khandelwal
and Roebber,?® while Mangione et al.>? recorded the Hel and X-
ray PE spectra of CuTPP thin films on Au(111).XX! In both
cases,?? the valence IE region is characterized by the presence
of a low-lying spectral feature at ~6.5 eV, resolved in two
distinct peaks at 6.49 and 6.66 eV in the gas-phase spectrum,?
followed by a broad and structured band centered at 8.5 eV with
an evident shoulder on its lower IE side3? (in Table 1 of ref. 29
the IEs of two peaks at 7.77 and 8.78 eV are reported without
providing any further information). Khandelwal and Roebber?
proposed to assign the closely spaced first and second peak of
the CuTPP Hel spectrum to the ionization from an ap, MO (6.49
eV) and an a;, MO (6.66 eV), and similarly to MnTPP (vide
supra), they said nothing about the °e,-like °b;, IE position. As
such, the ADF BP86 CuTPP GS indicates that the half-occupied
°b;g HOMO and the 2a;, and 12a,, P MOs lye within 300
meV; nevertheless, the accounting of the electronic structure
relaxation upon ionization through TS calculations reliefs such
a quasi-degeneracy (see Table S11 and Figure 2). In this regard,
it must be underlined that Ellis and Berkovitch-Yellin!?3 carried
out TS numerical experiments on CuP without mentioning any
differential relaxation of the outermost ...("aiu)*("a2u)*(°big)!
MOs able to modify the GS energy order.

Besides the agreement with the Khandelwal and Roebber
outcomes,? the theoretical results herein reported provide
information about the IE positions of all the Cu 3d-based SOs;

i
the 12019 SO should be realistically hidden under the higher IE

side of the lowest lying feature centred at 6.3 eV in the CuTPP
Hel PE spectrum recorded by Mangione et al. (see Figure 2 of
ref. 32), while ionizations from the “eg-like ®aig and ™,-like
SOs (see Table S11 and Figure 2) should contribute to the
higher IE side of the broad and structured band centred at 8.5
eV generated, together with its evident shoulder, from
photoemission processes involving Phr and Y MOs (see the
CuTPP GS partial density of state reported in Figure 2 of ref.
32). Unfortunately, photoemission processes taking place in the
CuTPP valence region has not been investigated by using
ionizing source of different energies; the proposed assignment
cannot be then confirmed by exploiting the band relative
intensity variations upon changing the ionizing source energy.?



No CuTPP EA determination is present in literature;
nevertheless, it can be of some interest to point out that the first
affinity level is, in agreement with theoretical results reported

c
by Liao and Scheiner,” the Pmr* 13€9 SO whose TSEA (1.61

eV, see Table S15 and Figure 2) is similar to that estimated for
the H,TPP free base (vide supra).

CuPc, first synthesized by the Linstead group,’® is known
to crystallize into various polymorphs!?* but it is also one of the
few unsubstituted MPc investigated by GED.'?* As such, the
optimized Cartesian coordinates reported in Table S31 only for
completeness are those optimized in ref. 24 and for this reason,
any comparison with the experiment will be herein avoided.
CuPc is an open-shell molecule with its single unpaired electron

A
occupying the Cu %e,-like 16b 1g SQ2456,120-122 and then sharing

with CuTPP the same GS symmetry and spin multiplicity (*By,)
even though with a different SOs ordering (see Table S14). The
CuPc valence band has been investigated using ionizing sources
of different energies in the gas-phase?® and as-deposited thin
films?!-22:24121-122 on inert substrates.XX! The gas-phase CuPc
valence IE region is characterized by the presence of a sharp
peak at 6.38 eV, followed by a weak peak at 7.45 eV and a
broad, intense, and structured band centered at 8.79 eV with
evident shoulders on the lower (8.31 e¢V) and higher (9.39 eV)
IE sides.”? The agreement between the experimental evidence
and TSIEs reported in Table S11 and Figure 2 is noticeable. In
more detail, the sharp peak at 6.38 eV is confidently assigned
to the ionization from the 2a,, P™r HOMO. In this regard, it

1
must be noted that the Cu “e,-like 16b19 SO and the 2a;, P™1t

MO are closely spaced in the GS. 24°¢ Still, such a quasi-
degeneracy is relieved by accounting for the different relaxation
upon ionization undergone by Cu 3d-based and P™x MOs (see
Table S11 and Figure 2).V

Although the CuPc Hel spectrum does not reveal any weak
feature on the higher IE side of the sharp peak at 6.38 eV, the
analysis of vibrational parameters of the 2B, CuPc GS and 3By,
state of the CuPc* species, optimized by assuming a vacancy in
the 2a;, MO (see Table S32), has been carried out. As expected,
optimized structures of the CuPc 2By, GS and CuPc* 3By, state

22e

are superimposable (see Figure S12c¢) and the V “ values
estimated for the 2By, GS and the 3B, excited state are
degenerate (see Table S26). As already found for CoPc and
NiPc, the agreement between theory and experiment!! is
excellent for the neutral species. At the same time, no
comparison can be done for the CuPc* species as a consequence
of the lack of experimental evidence.

Moving toward the higher IE region, we propose to assign
the weak peak at 7.45 ¢V to the ionization from the Cu °e,-

:
like 16b19 SO. The comparison of the aligned X-ray PE

spectrum of thin-film CuPc with the Hel and Hell gas phase
spectra of CuPc¢?!'*2 does not provide useful information about
the proposed assignment because of the high noise-to-signal
ratio, which prevents the possibility of appreciating intensity
variations upon changing the ionizing source. At variance to
that, valence band spectra from CuPc film taken at hv = 21.2
and 90.0 eV,?* strongly support the proposed assignment.
Analogous considerations hold for the broad, intense, and
structured band centered at 8.79 eV, which should include,
besides ionizations from occupied "t,-like and °e,-like MOs,
the photoemission from ™7 orbitals.

CuPc has been the object of several IPS studies.!9%126-128 To
date, the most precise determination of the CuPc first affinity
level is that of Yoshida,'2¢ who determined a value of 2.92 £
0.07 eV. Even though he did not propose any assignment for
such a level, the claimed agreement with experimental and

theoretical data reported by Zahn et al.'?” allows us to presume
that it corresponds, in agreement with theoretical data reported
in Table S15 and displayed in Figure 2, to the 7e, P™n” SO. As
such, it must be noted that Liao and Scheiner pointed out that
calculated MPc electron affinities are all rather negative (> 1.7
eV) with FePc and CoPc showing the strongest attraction of an
electron and CuPc the weakest.®® This consideration sciunds
a

rather odd because, even though the TSEA of the 16 blg SO
(1.78 eV, see Table S15 and Figure 2) numerically agrees with
theT CuPc EA they estimated (1.74 eV), the TSEA of the pmc
€9 1* SO is higher (2.25 eV, see Table S15 and Figure 2) and
in qualitative agreement with the IPS determination of
Yoshida.!?¢

ZnTPP and ZnPc. Similarly to many of the MTPP herein
considered, ZnTPP was first synthesized by Rothemund and
Menotti®? but structurally characterized only several years
later.12-130 ZnTPP is a closed-shell molecule (the optimized
Cartesian coordinates of the ZnTPP !A;, GS are reported in
Table S33) whose ™,4-like and °e,-like MOs are completely
occupied, core-like in character, closely spaced (GS °eg-like +
,4-like MOs cover and energy range < 500 meV), and scarcely
involved in the Zn—NP¥ interaction (the participation of Zn 3d
AOs to the 21a;,, 8byg, 16by,, and 6e, MOs amounts to 70, 64,
82, and 81%, respectively). According to that, the optimized
Zn—NP¥ bond distance (see Table S12) is the longest along the
investigated series and quantitatively reproduces the B3LYP
one estimated by Shah et al. (2.07 A)76 as well as the bond
length measured by Dechan et al (2.048 A).130

The ZnTPP occupied valence region has been investigated
both by gas-phase PES? as well as by photocurrent
measurements in non-polar solvents.”® Due to the core-like
nature of the Zn'' 3d-based MOs, we have only reported in
Table S11 the TSIEs of the quasi-degenerate 12a,, HOMO and
2ay, Pmr MO whose GS energies are 5.05 and 5.23 eV,
respectively. The lowest IE region of the gas-phase PE
spectrum recorded by Khandelwal and Roebber, one of the two
displayed among the several MTPP they investigated in ref. 29,
is characterized by the presence of two closely spaced sharp
peaks at 6.42 and 6.62 eV assigned by the authors to the
ionization from an a,, and an a;, orbital respectively. The
agreement with TSIE values reported in Table S11 is
remarkable and wraps up this matter.

As in other MTPP herein considered, the most relevant
controversies concern the energy and nature of the first affinity
level. To the best of the authors’ knowledge, no experimental
determination of the ZnTPP EA is available in the literature.
However, Liao and Scheiner,’%!3! estimated an EA value of 1.6
eV in perfect in agreement with the present value reported in
Table S15 and displayed in Figure 2.

As most of the MPc herein considered (VPc3¢ and CrPc*
are the exceptions), ZnPc was first synthesized by the Linstead
group’® and structurally characterized many years later by the
Scheidt group'3? (optimized Cartesian coordinates of the
closed-shell ZnPc !'A;; GS are reported in Table S34). The
agreement between experiment and theory is satisfactory with
the Zn—NP¥ optimized bond length corresponding to the longest
one along the series (see Table S12). Similarly to ZnTPP, the
ZnPc ™,,-like and °e,-like MOs are completely occupied, core-
like in character, but not as closely spaced as those of ZnTPP.
More specifically, the GS ™;,-like MOs lie at 11.64 (le,) and
10.91 (12by,) eV, while the GS energies of the ®e,-like MOs are
11.37 (17a;,) eV and 12.17 (12b,) €V; i.e., the energy range
covered by GS °e,-like + ™;,-like MOs in ZnPc is almost three
times that of ZnTPP. In addition, despite their core-like nature,
the lone-pair character of the Zn'"! 3d-based MOs in ZnPc¢ (the



Zn 3d AOs participation to the 17a;,, 12b}g, 12b,s, and 1e, MOs
amounts to 36, 40, 72, and 52%, respectively) is less marked
than in ZnTPP.

Among the MPc investigated by Berkowitz in the gas-
phase,?* ZnPc is the heaviest one and its lowest IE region is
characterized by the presence of a single sharp peak at 6.37 eV
assigned by Berkowitz to the 2a,, P™nt MO. Moreover, likely
CoPc and NiPc, the higher IE side of the sharp peak at 6.37 eV
is characterized by the presence of a shoulder, placed by
Berkowitz at ~6.5 eV (see Table 1 of ref. 23). Analogously to
H,Pc and the other MPcs herein considered, the agreement
between experiment and the 2a;, TSIE reported in Table S11
and displayed in Figure 2 is remarkable.

Similarly to CoPc, NiPc, and CuPc, vibrational parameters
of the ZnPc 'A;, GS and 2A,, state of ZnPc" species whose
molecular structure has been optimized by assuming a vacancy
in the 2a;, MO (see Table S35), have been estimated. As

expected, optimized structures of the ZnPc 'A;, GS and ZnPc*
22e

2A |, are superimposable (see Figure S12d) and the v “ values
estimated for the 'A;, GS and the 2A;, excited state are
degenerate (see Table S26). The agreement between theory and
experiment!'? is similar to that obtained for lighter MPc (see

Table S26) while the opposite is true when the estimated ZnPc*
22e

v Yis compared with the shoulder IE position. As such, it has
to be kept in mind that the uncertainty of the shoulder IE
position is of the order of 0.1 eV, which means 800 cm.

At our knowledge, only one determination of the ZnPc EA
value (3.34 eV) is present in the literature;'3? even though it has
to be noted that Gao and Khan did not provide any information
about the first affinity level nature. The numerical agreement
between the highest ZnPc TSEA (see Table S15 and Figure 2)
and IPS'33 measurements is rather poor; nevertheless, it has to
be mentioned that our results are perfectly in agreement with
those reported by Liao and Scheiner.3¢

Notes and references

[.  In a simple crystal field approach,®® the potential for
four point charges at a distance R from the origin O
and lying on the +OX and +OY axes (Dg4j, arrangement)
depends on the inverse of the third and fifth power of
R (see Table 8.2 of Ref. 6).

II. The bonding interaction between the Py-based and

benzene-based HOMOs is accounted for the i-Ind 1a,

MO (see Figure S7). p v

Within the Gelius model, 26 The phbjbaorfization cross-

section G, of the pth MO is where (nl)

sums over the states localized on the atomic centgrs v

and contributing to the pth MO. As far as the Tnl are

copcerned, they correspond to the ASPCS,?S while the

Cnlv coefficients account for the MO occupancy.

Upon the D;, — Dy, switching, the following

correlations hold between irreducible representations

(il’)Z (BZg + B3g) - Eg; Au (CZI) i Alu; Au (CZ’) - Blu;

By, (C)') = Ay, (see Appendix 3 of ref. 1).

V. Limitations of the Koopmans’ theorem?®? arising from
larger relaxation effects during the ionization
processes for 3d M-like MOs with respect to the
delocalized ones are well known.3*

I1I.

v,nl

Iv.

VI. The double degenerate TPP* (Pc*) 12e, (6e,) MO
corresponds to the TPP?- (Pc?) LUMO.
VII. The position of ligands in the spectrochemical series®

8 is determined largely by their donor atoms, so
implying the following sequence: | <Br <Cl<S <F
< O < N < C, which is in order of m-acceptor
capability.3’

VIII. Electronic configurations are throughout reported with
energy ordered SOs.

IX. The VPc “By, and #A,, states are 78 and 75 meV less
stable than the “E, GS, respectively (see Table S14).4!

X.  V-NPY and Cr—N"¥ bond lengths of the “E, VTPP and

B, CrTPP GSs have been also optimized by adopting

the hybrid B3LYP functional.’’->® BP86 lengths are

shorter than the B3LYP ones by 0.002 and 0.019 A in

VTPP and CrTPP, respectively.

To the best of the authors’ knowledge, gas-phase PE

data reported by Khandelwal and Roebber? are the

only ones available in the literature for the isolated

MnTPP molecule.

XII. Khandelwal and Roebber? claim to have verified the
absence of decomposition processes in the ionizing
chamber.

XIII. A, and “B, states are computed not only less stable
than the “E, GS (see Table S14) but do not imply an
Aufbau SO occupation.

XIV. Wallace et al. limited the MPc (M = Mn, Fe, Co, Ni,
Cu, Zn) geometry optimization to the closed shell
ZnPc, which was used as a template for the remaining
species whose geometry was noé optiglized.56

XV. The singly occupied (empty) €g ( eg) SOs of the
MnBe “E, GS correspond to the spin 4 component of
the 1 g (*™er*) SOs. The GS energy order is reversed
in TSEA calculations.

XVI. Measurements carried out by Yoshida et al.% suffer of
a quite p}oor( ]r)esolution (~1eV). 254

XVII. he EeTPP (FePg) BR86 TSIEs o 1g,
;9%}& 1]2% lzeallz’ Em d (i)'lagu (;Igaf; H]gglg 6€§

alu, and " 2u) are 8.19, 6.42, 5.93, 6.70, and 6.58
(8.66, 6.80, 6.49, 6.53, 7.99) eV, respficii\iel%. The
3E,() FeTPP (FePc) BP86 TSEA of the ~“€g (°€9) is
2.22(3.04) eV.

XVIII. The CASSCF FePc GS (PE,(") and the lowest

excited state (2A,,) are quasi-degenerate.’® Their AE

amounts to 27 meV with active space comprising the

Fe-centered d,y, dy,, dy,, and d,2 orbitals and to 12 meV

if the 2a;, HOMO and the 7e, LUMO are also included

in active space.

Numerical experiments carried out by Carlotto et al.8

by using the hybrid B3LYP XC functional with a 20%

of the Hartree-Fock exchange and by adopting the

def2-TZVP basis set point to the 3E,(D GS.

Liao et al.8¢ estimated MPc (M = Mg, Fe, Co, Ni, Cu,

and Zn) EAs by running ASCF quasi-relativistic ADF

calculations and adopting the BP86 XC fuctional.

Multilayers of randomly oriented and weakly

interacting MTPP molecules may be representative of

the isolated species.??

XXII.  The 3A,, GS of FeTPP and FquTig assmgaitedlwith
the electronic configuration [€9729%1g"29%1g]VIl

while their thermally apgessih%e PE4D excited states are

detenmined by the [%19729€ 9729Vl (FeTPP) and [

@1g€ gP2gP2g€91VIII (FePc) configurations, respectively

(see Table S14). Tiny perturbations of the ligand field,

generated for instance by the substrate presence, could

induce GS variations and then different occupation
numbers of the Fe!' 3d-based SOs.

XI.

XIX.

XX.

XXI.

1 B. E. Douglas, C. A. Hollingsworth, Symmetry in
Bonding and Spectra, an Introduction; Academic
Press: Orlando, FL, USA, 1985.

2 T. A. Hamor, W. S . Caughey and J. L. Hoard, J. Am.
Chem. Soc. 1965, 87, 2305-2312.

3 C. A. Reed, J. K. Kouba, C. J. Grimes and S. K.
Cheung, Inorg. Chem. 1978, 17, 2666-2670.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33
34

J. F. Kirner, W. Dow and W. R. Scheidt, Inorg. Chem.
1976, 15, 1685-1690.

G. Mangione, M. Sambi, S. Carlotto, A. Vittadini, G.
Ligorio, M. Timpel, L. Pasquali, A. Giglia, M. V.
Nardi and M. Casarin, Phys. Chem. Chem. Phys. 2016,
18, 24890-24904.

J. S. Griffith, The Theory of Transition Metal Ions,
Cambridge University Press, London, 1961.

B. N. Figgis, M. A. Hitchman, Ligand Field Theory
and Its Applications, Wiley- VCH, New York, 2000.
C. J. Ballhausen, Introduction to Ligand Field Theory,
McGraw-Hill Book Company, Inc., New York, 1962.
G. L. Miessler, P. J. Fischer and D. A. Tarr, Inorganic
Chemistry, Pearson, New York, 5th edn, 2013, p. 137.
G. D. Willet and T. Baer, J. Am. Chem Soc. 1980, 102,
6774-6779.

A. Chrostowska, A. Mazi¢re, A. Dargelos, A. Graciaa,
C. Darrigan, L. Weber and J. Halama, Eur. J. Inorg.
Chem. 2013, 5672-5678.

J. C. Slater, Quantum Theory of Molecules and Solids.
The Self-Consistent-Field for Molecules and Solids,
McGraw-Hill, New York, 1974, vol. 4.

M. Merchan, E. Orti and B. O. Roos, Chem. Phys. Lett.
1994, 221, 136-144.

P. Dupuis, R. Roberge and C. Sandorfy, Chem. Phys.
Lett. 1980, 75, 434-437.

E. Orti and J. L. Brédas, Chem. Phys. Lett. 1989, 164,
247-252.

A. Ghosh and T. Vangberg, Theor. Chem. Acc. 1997,
97, 143-149.

D. P. Piet, D. Danovich, H. Zuilhof and E. J. R.
Sudholter, J. Chem. Soc., Perkin Trans. 2 1999, 1653-
1662.

M. Casarin, L. Pandolfo and A. Vittadini,
Organometallics 2001, 20, 754-762.

H. L. Chen, Y. H Pan, S. Groh, T. E. Hagan and D. P.
Ridge, J. Am. Chem. Soc. 1991, 113, 2766-2767.

D. D. Eley, D. J. Hazeldine and T. F. Palmer, J. Chem.
Soc., Faraday Trans. 2 1973, 69, 1808-1814.

F. L. Battye, A. Goldmann and L. Kasper, Phys. Stat.
Sol. B 1977, 80, 425-432.

H. Hochst, A. Goldmann, S. Hiifner and H. Malter,
Phys. Stat. Sol. B 1976, 76, 559-568.

J. Berkowitz, J. Chem. Phys. 1979, 70, 2819-2828.

M. V. Nardi, F. Detto, L. Aversa, R. Verucchi, G.
Salviati, S. lannotta and M. Casarin, Phys. Chem.
Chem. Phys. 2013, 15, 12864-12881.

J. J. Yeh and 1. Lindau, At. Data Nucl. Data Tables,
1985, 32, 1-155.

U. Gelius, in Electron Spectroscopy, ed. D. A. Shirley,
North- Holland, Amsterdam, 1972, p. 311.

R. V. Khatymov, M. V. Muftakhov, R. F. Tuktarov, O.
A. Raitman, A. V. Shokurov and E. Yu. Pankratyev, J.
Chem. Phys. 2019, 150, 134301:1-13.

M. V. Nardi, R. Verucchi, L. Pasquali, A. Giglia, G.
Fronzoni, M. Sambi, G. Mangione and M. Casarin,
Phys. Chem. Chem. Phys. 2015, 17,2001-2011.

S. C. Khandelwal and J. L. Roebber, Chem. Phys. Lett.
1975, 34, 355-359.

Y. Nakato, K. Abe and H. Tsubomura, Chem. Phys.
Lett. 1976, 39, 358-360.

L. Scudiero, D. E. Barlow, U. Mazur and K. W. Hipps,
J. Am. Chem. Soc. 2001, 123, 4073-4080.

G. Mangione, S. Carlotto, M. Sambi, G. Ligorio, M.
Timpel, A. Vittadini, M. V. Nardi and M. Casarin,
Phys. Chem. Chem Phys. 2016, 18, 18727-18738.

T. Koopmans, Physica 1933, 1, 104-113.

C. M. Bohm, Theor. Chim. Acta 1982, 61, 539-558.

35

36

37

38

39

40
41

42

43

44

45

46
47

48

49

50
51

52

53

54

55

56

57

58

59
60

61

62

63

64

65

66

W. W. Porterfield, norganic Chemistry: A Unified
Approach, 2nd ed., Academic Press, San Diego, 1993.
K. Eguchi, T. Nakagawa, Y. Takagi and T. Yokoyama,
J. Phys. Chem. C 2015, 119, 9805-9815.

J.-L. Poncet, J.-M. Barbe, R. Guilard, H. Oumous, C.
Lecomte and J. Protas, J. Chem. Soc., Chem. Commun.
1982, 1421-1422.

H. Oumous, C. Lecomte, J. Protas, J.-L.Poncet, J.-M.
Barbe and R. Guilard, J. Chem. Dalton Soc. Trans.
1984, 2677-2682.

X. Wang, S. D. Gray, J. Chen and L. K. Woo, Inorg.
Chem. 1998, 37, 5.

D. H. McDaniel, J. Chem. Educ. 1977, 54, 147-150.
S. Carlotto, M. Sambi, F. Sedona, A. Vittadini and M.
Casarin, nanomaterials 2021, 11, 54:1-19.

S. Carlotto, M. Sambi, M. Rancan and M. Casarin,
Inorg. Chem. 2018, 57, 1859-1869.

N. N. Greenwood and A. Earnshaw, Chemistry of the
Elements, Butterworth-Heinemann, 2nd ed.;
Cambridge, 1984.
https://www.webelements.com/periodicity/eneg_pauli
ng/

W. R. Scheidt and C. A. Reed, Inorg. Chem. 1978, 17,
710-714.

W. R. Scheidt, J. Porph. Phthal. 2008, 12, 979-992.
B. J. Cook, M. Barona, S. I. Johnson, S. Raugei and R.
M. Bullock, Inorg. Chem. 2022, 61, 11165-11172.

F. Neese, Interdiscip. Rev. Comput. Mol. Sci. 2012, 2,
73-78.

J. A. Elvidge and B. P. Lever, J. Chem. Soc. 1961,
1257-1265.

C. Ercolani, Ric. Sci. 1966, 36, 975.

E. G. Meloni, L. R. Ocone and B. P. Block, /norg.
Chem. 1967, 6, 424-425.

A. B. P. Lever, J. Chem. Soc. 1965, 1821-1829.

O. L. Arillo-Flores, M. M. Fadlallah, C. Schuster, U.
Eckern and A. H. Romero, Phys. Rev. B: Condens.
Matter Mater. Phys. 2013, 87, 165115:1-14.

J. F. Kirner, C. A. Reed and W. R. Scheidt, J. Am.
Chem. Soc. 1977, 99, 1093-1101.

J. Bartolomé, C. Monton and I. K. Schuller, Magnetism
of Metal Phthalocyanines in Molecular Magnets,
Springer-Verlag Berlin Heidelberg 2014, pp. 221-245.
A. J. Wallace, B. E. Williamson and D. L. Crittenden,
Can. J. Chem. 2016, 94, 1163-1170.

A. D. Becke, Phys. Rev. A: At., Mol., Opt. Phys. 1988,
38, 3098-3100.

J. P. Perdew, Phys. Rev. B: Condens. Matter Mater.
Phys. 1986, 33, 1986, 8822-8824.

A. D. Becke, J. Chem. Phys. 1993, 98, 5648-5652.

W. R. Scheidt and C. A. Reed, Chem. Rev. 1981, 81,
543-555.

A. M. Buytendyk, J. D. Graham, J. Gould and K. H.
Bowen, J. Phys. Chem. 4 2015, 119, 8643-8646.

P. A. Reynolds and B. N. Figgis, Inorg. Chem. 1991,
30, 2294-2300.

B. N. Figgis, E. S. Kucharski and G. A. Williams, J.
Chem. Soc., Dalton Trans. 1980, 1515-1525.

M. Grobosch, B. Mahns, C. Loose, R. Friedrich, C.
Schmidt, J. Kortus and M. Knupfer, Chem. Phys. Lett.
2011, 505, 122-125.

I. Bidermane, I. E. Brumboiu, R. Totani, C. Grazioli,
M. N. Shariati-Nilsson, H.C. Herper, O. Eriksson, B.
Sanyal, B. Ressel, M. de Simone, L. Lozzi, B. Brena
and C. Puglia, J. Electron Spectrosc. Relat. Phenom.
2015, 205, 92-97.

H. Yoshida, K. Tsutsumi and N. Sato, J. Electron
Spectrosc. Relat. Phenom. 2001, 121, 83-91.


javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.webelements.com/periodicity/eneg_pauling/
https://www.webelements.com/periodicity/eneg_pauling/

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

86

87

88

89

90

91

92

93

94

95

J. P. Collman, J. L. Hoard, N. Kim, G. Lang and C. A.
Reed, J. Am. Chem. Soc. 1975, 97, 2676-2681.

G. Lang, K. Spartalian, C. A. Reed and J. P. Collman,
J. Chem. Phys. 1978, 69, 5424-5427.

P. D. W. Boyd, A. D. Buckingham, R. F. McMecking
and S. Mitra, Inorg. Chem. 1979, 18, 3585-3591.

H. Goff, G. N. La Mar and C. A. Reed, J. Am. Chem.
Soc. 1977, 99, 3641-3646.

J. Mispelter, M. Momenteau and J. M. Lhoste, J.
Chem. Phys. 1980, 72, 1003-1012.

M.-S. Liao and S. Scheiner, J. Chem. Phys. 2002, 117,
205-219.

M.-S. Liao, J. D. Watts and M.-J. Huang, J. Phys.
Chem. A 2007, 111, 5927-5935.

S. Vancoillie, H. Zhao, V. Tan Tran, M. F. A.
Hendrickx and K. Pierloot J. Chem. Theory Comput.
2011, 7, 3961-3977.

D. Nachtigallova, A. Antalik, R. Lo, R. Sedldk, D.
Manna, J. Tucek, J Ugolotti, L. Veis, O. Legeza, J.
Pittner, R. Zboril and P. Hobza, Chem. Eur. J. 2018,
24, 13413-13417.

E. V. Shah, V. Kumar, B. K. Sharma, K. Rajput, V. P.
Chaudhary and D. R. Roy, J. Mol. Model 2018, 24,
239:1-7.

H. L. Chen, P. E. Ellis, Jr., T. Wijesekera, T. E. Hagan,
S. E. Groh, J. E. Lyons and D. P. Ridge, J. Am. Chem.
Soc. 1994, 116, 1086-1089.

R. B. Linstead, J. Chem. Soc. 1934, 1016-1017.

C. E. Dent and R. B. Linstead, J. Chem. Soc. 1934,
1027-1031.

R. B. Linstead and A. R. Lowe, J. Chem. Soc. 1934,
1031-1033.

C. E. Dent, R. B. Linstead and A. R. Lowe, J. Chem.
Soc. 1934, 1033-1039.

P. A. Barrett, C. E. Dent and R. P. Linstead, J. Chem.
Soc. 1936, 1719-1736.

R. P. Linstead and J. M. Robertson, J. Chem. Soc.
1936, 1736-1738.

M. A. Dahlen, Ind. Eng. Chem. 1939, 31, 839-847.

S. Carlotto, M. Sambi, F. Sedona, A. Vittadini, J.
Bartolomé, F. Bartolomé and M. Casarin, Phys. Chem.
Chem. Phys. 2016, 18, 28110-28116.

M. -S. Liao and S. Scheiner, J. Chem. Phys. 2001, 114,
9780-9791.

G. Filoti, M. D. Kuz’min and J. Bartolomé, Phys. Rev.
B: Condens. Matter Mater. Phys. 2006, 74, 134420:1-
13.

M. Evangelisti, J. Bartolomé, L. J. de Jongh and G.
Filoti, Phys. Rev. B: Condens. Matter Mater. Phys.
2002, 66, 144410:1-11.

T. Kroll, R. Kraus, R. Schonfelder, V. Yu. Aristov, O.
V. Molodtsova, P. Hoffmann and M. Knupfer, J.
Chem. Phys. 2012, 137, 054306:1-7.

J. Laurent, J. Bozek, M. Briant, P. Carcabal, D.
Cubaynes, A. Milosavljevic’, R. Pittner, N.
Shafizadeh, M. Simon, Benoit Soep and G. Goldsztejn,
Phys. Chem. Chem. Phys. 2022, 24, 2656-2663.

A. M. Schaffer, M. Gouterman and E. R. Davidson,
Theor. Chim. Acta 1973, 30, 9-30.

P. Rothemund and A. R. Menotti, J. Am. Chem. Soc.
1948, 70, 1808-1812.

P. Madura and W. R. Scheidt, Inorg. Chem. 1976, 15,
3182-3184.

I. Cojocariu, S. Carlotto, G. Zamborlini, M. Jugovac,
L. Schio, L. Floreano, M. Casarin, V. Feyer and C. M.
Schneider, J. Mater. Chem. C 2021, 9, 12559-12565.
C. Wickerlin, D. Chylareckal, A. Kleibert, K. Miiller,
C. Iacovita, F. Nolting, T A. Jung and N. Ballav, Nat.
Commun. 2010, 1, 61:1-7.

96

97

98

99

100

101

102
103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

C. Wickerlin, K. Tarafder, D. Siewert, J. Girovsky, T.
Héhlen, C. lacovita, A. Kleibert, F. Nolting, T. A.
Jung, P. M. Oppeneer and N. Ballav, Chem. Sci. 2012,
3, 3154-3160.

K. Flechtner, A. Kretschmann, H.-P. Steinriick and J.
M. Gottfried, J. Am. Chem. Soc. 2007, 129, 12110-
12111.

S. Carlotto, I. Cojocariu, V. Feyer, L. Floreano and M.
Casarin, nanomaterials 2022, 12, 218:1-16.

Y. Nakato, K. Abe and H. Tsubomura, Chem. Phys.
Lett. 1976, 39, 358-360.

L. Scudiero, D. E. Barlow, U. Mazur and K. W. Hipps,
J. Am. Chem. Soc. 2001, 123, 4073-4080.

R. H. Felton and H. Linschitz, J. Am. Chem. Soc. 1966,
88, 1113-1116.

Y. Niwa, J. Chem. Phys. 1975, 62, 737-738.

R. Mason, G. A. Williams and P. E. Fielding, J. Chem.
Soc. Dalton Trans. 1979, 676-683.

G. A. Williams, B. N. Figgis, R. Mason, S. A. Mason
and P. E. Fielding, J. Chem. Soc. Dalton Trans. 1980,
1688-1692.

M.-S. Liao and S. Scheiner, J. Comput. Chem. 2002,
23, 1391-1403.

A. Rosa and E. J. Baerends, Inorg. Chem. 1994, 33,
584-595.

X. L. Liang, S. Flores, D. E. Ellis, B. M. Hoffman and
R. L. Musselman, J. Chem. Phys. 1991, 95, 403-417.
D. E. Barlow, L. Scudiero and K. W. Hipps, Langmuir
2004, 20, 4413-4421.

K. W. Hipps and U. Mazur, J. Porph. Phthal. 2012, 16,
1-9.

T. Kobayashi, F. Kurokawa, N. Uyeda and E. Suito,
Spectrochim. Acta A Mol. Spectrosc. 1970, 26, 1305-
1311.

Z. Liu, X. Zhang, Y. Zhang and J. Jiang, Spectrochim.
Acta A Mol. Spectrosc. 2007, 67, 1232-1246.

E. Salomon, P. Amsalem, N. Marom, M. Vondracek,
L. Kronik, N. Koch and T. Angot, Phys. Rev. B:
Condens. Matter Mater. Phys. 2013, 87, 075407:1-9.
A. L. Maclean, G. J. Foran, B. J. Kennedy, P. Turner
and T. W. Hambley, Aust. J. Chem. 1996, 49, 1273-
1278.

S. Carlotto, A. Verdini, G. Zamborlini, I. Cojocariu, V.
Feyer, L. Floreano and M. Casarin, Phys. Chem. Chem.
Phys. 2023, 25, 26779-26786.

D. Lexa, M. Momenteau, J.Mispelter and J.-M.
Savéant, Inorg. Chem. 1989, 28, 30-35.

J. M. Robertson and I. Woodward, J. Chem. Soc. 1937,
219.

N. V. Tverdova, O. A. Pimenov, G. V. Girichev, S. A.
Shlykov, N. I. Giricheva, V. E. Mayzlish and O. L
Koifman, J. Mol. Struct. 2012, 1023, 227-233.

M. L M. Rocco, K.-H. Frank, P. Yannoulis and E.-E.
Kocha, J. Chem. Phys. 1990, 93, 6859-6864.

E. B. Fleischer, C. K. Miller and L. E. Webb, J. Am.
Chem. Soc. 1964, 86, 2342-2347.

M. Casarin and S. Carlotto, Eur. J. Inorg. Chem. 2018,
3145-3155.

G. Mangione, M. Sambi, M. V. Nardi and M. Casarin,
Phys. Chem. Chem. Phys. 2014, 16, 19852-19855.

G. Mangione, L. Pandolfo, M. Sambi, G. Ligorio, M.
V. Nardi, A. Cossaro, L. Floreano and M. Casarin, Eur.
J. Inorg. Chem. 2015, 2707-2713.

D. E. Ellis and Z. Berkovitch-Yellin, J. Chem. Phys.
1981, 74, 2427-2435.

A. Hoshino, Y. Takenaka and H. Miyaji, Acta Cryst.
2003, B59, 393-403.

N. V. Tverdova, G. V. Girichev, N. J. Giricheva and
O. A. Pimenov, Struct. Chem 2011, 22, 319-325.



126

127

128

129

130

131

132

133

H. Yoshida, Chem. Phys. Lett. 2012, 539-540, 180-
185.

D. R. T. Zahn, G. N. Gavrila, M. Gorgoi, Chem. Phys.
2006, 325, 99-112.

G. Hill, A. Kahn, Z. G. Soos, R. A. Pascal Jr., Chem.
Phys. Lett. 2000, 327, 181-188.

W. R. Scheidt, M. E. Kastner, K. Hatano and C. A.
Reed, Inorg. Chem. 1978, 17, 706-710.

P. Dechan, G. D. Bajju and P. Sood, Crystallogr. Rep.
2020, 65, 933-946.

D. P. Langley, Y. Smets, C. B. Stark, M. T. Edmonds,
A. Tadich, K. J. Rietwyk, A. Schenk, M. Wanke, Q.-
H. Wu, P. J. Barnard, L. Ley and C. I. Pakes, App!.
Phys. Lett. 2012, 100, 032103:1-4.

W. R. Scheidt and W. Dow, J. Am. Chem. Soc. 1977,
99, 1101-1104.

W. Gao and A. Kahn, Appl. Phys. Lett. 2001, 79, 4040-
4042.



H
V)
o
=
®

jasjasiiasiiasiiasilasiiasiiasiiaciasiias i il O NONONO RO NONONONONONONONONONONO NG NO NG @ R= AR A~

S1. BP86 Optimized Cartesian Coordinates of H,P
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

0.

0.
-2.
.030689
.131904
.131904
.131904
.131904
.688064
.688064
.688064
.688064
.445105
.445105
.445105
.445105
.861872
.861872
.861872
.861872
.265313
.265313
.265313
.265313
.000000
.000000
.353624
.353624
.353624
.353624
.117708
.117708
.117708
.117708
.225331
.225331
.225331
.225331

000000
000000
030689

2.
.123088
0.
0.
2.
.904973
-2.
-2.

-2

2

4
4
-4
-4

123088

000000
000000
904973

904973
904973

.271694
.271694
.271694
.271694
.428300
.428300
.428300
.428300
.088572
.088572
.088572
.088572
.680545
.680545
.680545
.680545
.099417
.099417
.130435
.130435
.130435
.130435
.356546
.356546
.356546
.356546
.189733
.189733
.189733
.189733

cNeoNoNoNoNoNoNoNoNoNoNoRoloNoNoNoNoNoNolNoNoNoNoNolNoNoNoNolNoNoNoNoNoNoNolNe o]



H
V)
o
=
®

DT DIoD DD DD DoD DT 0000z2zZ2Z2z2000000002222

S2. BP86 Optimized Cartesian Coordinates of H,Pz
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Table S3. BP86 Optimized Cartesian Coordinates of H,TPP

N 0.000000 2.114106 0.000000
N 0.000000 -2.114106 0.000000
N 2.033815 0.000000 0.000000
N -2.033815 0.000000 0.000000
C 1.133440 2.899658 0.000000
C -1.133440 2.899658 0.000000
C 1.133440 -2.899658 0.000000
C -1.133440 -2.899658 0.000000
C 2.867786 1.090666 0.000000
C 2.867786 -1.090666 0.000000
C -2.867786 1.090666 0.000000
C -2.867786 -1.090666 0.000000
C 2.463705 2.444330 0.000000
C 2.463705 -2.444330 0.000000
C -2.463705 2.444330 0.000000
C -2.463705 -2.444330 0.000000
C 0.687008 4.264688 0.000000
C 0.687008 -4.264688 0.000000
C -0.687008 4.264688 0.000000
C -0.687008 -4.264688 0.000000
C 4.269473 0.679579 0.000000
C 4.269473 -0.679579 0.000000
C -4.269473 0.679579 0.000000
C -4.269473 -0.679579 0.000000
H 0.000000 1.090826 0.000000
H 0.000000 -1.090826 0.000000
H 1.348372 5.124778 0.000000
H -1.348372 5.124778 0.000000
H 1.348372 -5.124778 0.000000
H -1.348372 -5.124778 0.000000
H 5.125555 1.347808 0.000000
H -5.125555 1.347808 0.000000
H 5.125555 -1.347808 0.000000
H -5.125555 -1.347808 0.000000
C 3.532014 3.500983 0.000000
C -3.532014 3.500983 0.000000
C 3.532014 -3.500983 0.000000
C -3.532014 -3.500983 0.000000
c 4.039349 4.005282 1.208254
C 4.039349 4.005282 -1.208254
c 4.039349 -4.005282 1.208254
c 4.039349 -4.005282 -1.208254
c -4.039349 4.005282 1.208254
c -4.039349 4.005282 -1.208254
C -4.039349 -4.005282 1.208254
c -4.039349 -4.005282 -1.208254
C 5.031159 4.990554 1.208239
C 5.031159 4.990554 -1.208239
c 5.031159 -4.990554 1.208239
C 5.031159 -4.990554 -1.208239
C -5.031159 4.990554 1.208239
C -5.031159 4.990554 -1.208239
C -5.031159 -4.990554 1.208239
c -5.031159 -4.990554 -1.208239
c 5.530306 5.485177 0.000000
c -5.530306 5.485177 0.000000
c 5.530306 -5.485177 0.000000
c -5.530306 -5.485177 0.000000
H 3.652863 3.617486 2.152394
H 3.652863 3.617486 -2.152394
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Table S4. BP86 Optimized Cartesian Coordinates of H,Pc

N 0.000000 2.032082 0.000000
N 1.946882 0.000000 0.000000
N 0.000000 -2.032082 0.000000
N -1.946882 0.000000 0.000000
N 2.405456 2.391832 0.000000
N 2.405456 -2.391832 0.000000
N -2.405456 2.391832 0.000000
N -2.405456 -2.391832 0.000000
C 2.765577 1.101389 0.000000
C 2.765577 -1.101389 0.000000
C 1.148790 -2.801000 0.000000
C -1.148790 -2.801000 0.000000
C -2.765577 -1.101389 0.000000
C -2.765577 1.101389 0.000000
C -1.148790 2.801000 0.000000
C 1.148790 2.801000 0.000000
C 4.178958 0.703718 0.000000
C 4.178958 -0.703718 0.000000
C 0.708897 -4.187793 0.000000
C -0.708897 -4.187793 0.000000
C -4.178958 -0.703718 0.000000
C -4.178958 0.703718 0.000000
C -0.708897 4.187793 0.000000
C 0.708897 4.187793 0.000000
C 5.372123 1.426706 0.000000
C 5.372123 -1.426706 0.000000
C 1.428042 -5.387538 0.000000
C -1.428042 -5.387538 0.000000
C -5.372123 -1.426706 0.000000
C -5.372123 1.426706 0.000000
C -1.428042 5.387538 0.000000
C 1.428042 5.387538 0.000000
C 6.569807 0.703433 0.000000
C 6.569807 -0.703433 0.000000
C 0.705283 -6.579806 0.000000
C -0.705283 -6.579806 0.000000
C -6.569807 -0.703433 0.000000
C -6.569807 0.703433 0.000000
C -0.705283 6.579806 0.000000
C 0.705283 6.579806 0.000000
H 0.000000 1.008809 0.000000
H 0.000000 -1.008809 0.000000
H 5.364095 2.517245 0.000000
H 5.364095 -2.517245 0.000000
H 2.518151 -5.379545 0.000000
H -2.518151 -5.379545 0.000000
H -5.364095 -2.517245 0.000000
H -5.364095 2.517245 0.000000
H -2.518151 5.379545 0.000000
H 2.518151 5.379545 0.000000
H -1.237619 -7.532357 0.000000
H 1.237619 -7.532357 0.000000
H 7.522050 -1.236551 0.000000
H 7.522050 1.236551 0.000000
H 1.237619 7.532357 0.000000
H -1.237619 7.532357 0.000000
H -7.522050 1.236551 0.000000
H -7.522050 -1.236551 0.000000
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S6. BP86 Optimized Cartesian Coordinates of Pz?”
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.088980
.088980
.088980
.758047
.758047
.758047
.758047
.682693
.682693
.682693
.682693
.185260
.185260
.185260
.185260
.391411
.391411
.391411
.391411
.365732
.365732
.365732
.365732
.036512
.036512
.036512
.036512

000000
000000
953902

1.
.953902
0.
0.
2.
.758047
-2.
-2.

1.

1.
-1.
-1.
.185260
.185260
.185260
.185260
.682693
.682693
.682693
.682693
.391411
.391411
.391411
.391411
.036512
.036512
.036512
.036512
.365732
.365732
.365732
.365732

-1

2

953902

000000
000000
758047

758047
758047
088980
088980
088980
088980

cNoNoNoNoNoNoNoNoNoNoNoNololoNoNoNoNoNolNoNoNoloNoNoNoNoNolNolNe o]



Table S7. BP86 Optimized Cartesian Coordinates of TPP?"

N 0.000000 2.080649 0.000000
N 0.000000 -2.080649 0.000000
N 2.080649 0.000000 0.000000
N -2.080649 0.000000 0.000000
C 1.090905 2.891109 0.000000
C -1.090905 2.891109 0.000000
C 1.090905 -2.891109 0.000000
C -1.090905 -2.891109 0.000000
c 2.891109 1.090905 0.000000
C 2.891109 -1.090905 0.000000
C -2.891109 1.090905 0.000000
C -2.891109 -1.090905 0.000000
C 2.441014 2.441014 0.000000
c 2.441014 -2.441014 0.000000
C -2.441014 2.441014 0.000000
C -2.441014 -2.441014 0.000000
C 0.684476 4.305540 0.000000
C 0.684476 -4.305540 0.000000
C -0.684476 4.305540 0.000000
C -0.684476 -4.305540 0.000000
C 4.305540 0.684476 0.000000
C 4.305540 -0.684476 0.000000
C -4.305540 0.684476 0.000000
c -4.305540 -0.684476 0.000000
H 1.342795 5.174063 0.000000
H -1.342795 5.174063 0.000000
H 1.342795 -5.174063 0.000000
H -1.342795 -5.174063 0.000000
H 5.174063 1.342795 0.000000
H -5.174063 1.342795 0.000000
H 5.174063 -1.342795 0.000000
H -5.174063 -1.342795 0.000000
C 3.502594 3.502594 0.000000
c -3.502594 3.502594 0.000000
C 3.502594 -3.502594 0.000000
C -3.502594 -3.502594 0.000000
C 4.017584 4.017584 1.203257
C 4.017584 4.017584 -1.203257
C 4.017584 -4.017584 1.203257
C 4.017584 -4.017584 -1.203257
C -4.017584 4.017584 1.203257
C -4.017584 4.017584 -1.203257
C -4.017584 -4.017584 1.203257
C -4.017584 -4.017584 -1.203257
C 5.006969 5.006969 1.206950
c 5.006969 5.006969 -1.206950
c 5.006969 -5.006969 1.206950
c 5.006969 -5.006969 -1.206950
c -5.006969 5.006969 1.206950
C -5.006969 5.006969 -1.206950
c -5.006969 -5.006969 1.206950
c -5.006969 -5.006969 -1.206950
C 5.507371 5.507371 0.000000
C -5.507371 5.507371 0.000000
c 5.507371 -5.507371 0.000000
C -5.507371 -5.507371 0.000000
H 3.626142 3.626142 2.144109
H 3.626142 3.626142 -2.144109
H 3.626142 -3.626142 2.144109
H 3.626142 -3.626142 -2.144109
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.626142
.626142
.626142
.626142
.389349
.389349
.389349
.389349
.389349
.389349
.389349
.389349
.280444
.280444
.280444
.280444

5

5.
-5.
-5.
.280444
6.
.280444
.280444

6

-6
-6

.626142
.626142
-3.
.626142

5.

5.
-5.
-5.
.389349

626142

389349
389349
389349
389349

389349
389349
389349

280444

OO OO MNMNDNDNDNDNDNDNDNDDNDNDNDDN

.144109
.144109
.144109
.144109
.157219
.157219
.157219
.157219
.157219
.157219
.157219
.157219
.000000
.000000
.000000
.000000



Table S8. BP86 Optimized Cartesian Coordinates of Pc?"

N 0.000000 1.979508 0.000000
N 1.979508 0.000000 0.000000
N 0.000000 -1.979508 0.000000
N -1.979508 0.000000 0.000000
N 2.395106 2.395106 0.000000
N 2.395106 -2.395106 0.000000
N -2.395106 2.395106 0.000000
N -2.395106 -2.395106 0.000000
C 2.770293 1.101676 0.000000
C 2.770293 -1.101676 0.000000
C 1.101676 -2.770293 0.000000
C -1.101676 -2.770293 0.000000
C -2.770293 -1.101676 0.000000
C -2.770293 1.101676 0.000000
C -1.101676 2.770293 0.000000
C 1.101676 2.770293 0.000000
C 4.198991 0.709021 0.000000
C 4.198991 -0.709021 0.000000
C 0.709021 -4.198991 0.000000
C -0.709021 -4.198991 0.000000
C -4.198991 -0.709021 0.000000
C -4.198991 0.709021 0.000000
C -0.709021 4.198991 0.000000
C 0.709021 4.198991 0.000000
C 5.400005 1.421476 0.000000
C 5.400005 -1.421476 0.000000
C 1.421476 -5.400005 0.000000
C -1.421476 -5.400005 0.000000
c -5.400005 -1.421476 0.000000
C -5.400005 1.421476 0.000000
C -1.421476 5.400005 0.000000
C 1.421476 5.400005 0.000000
C 6.604847 0.704480 0.000000
C 6.604847 -0.704480 0.000000
C 0.704480 -6.604847 0.000000
C -0.704480 -6.604847 0.000000
C -6.604847 -0.704480 0.000000
C -6.604847 0.704480 0.000000
C -0.704480 6.604847 0.000000
C 0.704480 6.604847 0.000000
H 5.387796 2.513879 0.000000
H 5.387796 -2.513879 0.000000
H 2.513879 -5.387796 0.000000
H -2.513879 -5.387796 0.000000
H -5.387796 -2.513879 0.000000
H -5.387796 2.513879 0.000000
H -2.513879 5.387796 0.000000
H 2.513879 5.387796 0.000000
H -1.240969 -7.558300 0.000000
H 1.240969 -7.558300 0.000000
H 7.558300 -1.240969 0.000000
H 7.558300 1.240969 0.000000
H 1.240969 7.558300 0.000000
H -1.240969 7.558300 0.000000
H -7.558300 1.240969 0.000000
H -7.558300 -1.240969 0.000000



Table S9. BP86 Optimized Cartesian Coordinates of Py

N 0.000000 0.000000 2.129848
c 0.000000 -1.128968 2.921036
c 0.000000 1.128968 2.921036
c 0.000000 -0.713095 4.240809
C 0.000000 0.713095 4.240809
H 0.000000 0.000000 1.117181
H 0.000000 -2.121408 2.482901
H 0.000000 2.121408 2.482901
H 0.000000 -1.365334 5.108742
H 0.000000 1.365334 5.108742



Table S10.

asiasiiasiinsiiaiia s O NONONONONO NG NO I
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0.

1.
-1.
. 728307
. 728307
.433127
.433127
.714189
.714189
.124277
.124277
.000000
.524784
.524784
.241803
.241803

000000
139377
139377

BP86 Optimized Cartesian
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

~ J OO DNDNOYOO O DN DNDDN

Coordinates of i-Ind

.048271
.814870
.814870
.152271
.152271
.385849
.385849
.561862
.561862
.361566
.361566
.033996
.399340
.399340
.517178
.517178



Table S11. H,TPP

(HpPc)
and MPc TSIEs of the M ®aiy, °biy, ™oug,

TSIEs

(eV)

of the lowest TSIE are in bold.®@

of the 10a, and 13bq,

(7b1y and 4ay)
T"e4, and pmc-based "a;, and ™a,, SOs. Values

MOs .

®aiqg °Di1g "o2g Teq alu¢ azui
H,TPP - - - - 6.77 (10a,) | 6.48 (13b1y)
H,Pc - - - - 6.57 (4a,) | 7.74 (7biy)
VTPP | 6,297 - 6.377 | 5.69" 6.72 6.50
VPc 6.74" - 6.597| 6.177 6.49 7.98
CrTPP | 7,287 - 7.69"| 6.637 6.69 6.54
CrPc | 7.73" - 7.447 | 7.03" 6.50 7.99
MnTPP | 9,617 | 5.88" | 9.49"7 [ 10.53" 6.55 6.36
MnPc | g.40" - 9.33"| 5.99¢ 6.57 8.00
FeTPP | .18 - 6.45Y | 7.087 6.70 6.57
FePc | 6.65Y - 6.77% | 8.63" 6.51 8.01
CoTPP | g.94" - 7.60%| 6.85% 6.69 6.60
CoPc | 9.14" - 7.62%v | 7.32¢ 6.54 8.01
NiTPP | 7.65% - 8.63V| 7.03% 6.70 6.62
NiPc | g8.36" - 8.03%| 7.47¢ 6.55 8.03
CuTPP | 9.72%| 6.957 | 9.39% | 9.64" 6.72 6.55
CuPc | 9.17%¥|7.28"|8.08v| 7.77¢ 6.56 8.01
ZnTPP 6.72 6.54
ZnPc 6.55 7.98

8HS MnTPP TSIE calculations

have been run by adopting the B3LYP functional.

MTPP



Table S12. Comparison of the optimized M-N®*¥ bond length (A) in MTPP and MPc
complexes with experimental evidence, when available.?

MTPP MPc
Theory Exp. Theory Exp.

v 2.046 - 1.996 -

Cr| 2.035 | 2.033%| 1.982 -

Mn | 2.095 | 2.085°| 1.952 | 1.938¢
Fe | 1.990 |1.972®| 1.935 | 1.927¢
Co| 1.978 | 1.949f| 1.928 | 1.9119
Ni | 1.967 |1.931*| 1.915 | 1.913%
Cu| 2.021 |1.9813| 1.968 | 1.947%
Zn | 2.053 | 2.048Y | 2.004 | 1.980™

2HS MnTPP numerical experiments have been carried out by adopting the B3LYP exchange-correlation
functional;®"®° Pref. 45-46; °ref. 54; 9ref. 4; °ref. 67; fref. 93; 9ref.103; "ref. 113; ‘ref.117;
iref. 119; *ref. 124; 'ref.130; "ref. 132.



Table S13.
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|
NNNMNNNNRPRERERPRRERENDNNDNOOO

0.
2.
.045614
.000000
.000000
.880130
.880130
.880130
.880130
.114172
-1.

1.
-1.

2.

-2

-2

-5

000000
045614

114172
114172
114172
456165

.456165
2.

456165

.456165
.253414
.253414
.253414
.253414
.685222
.685222
.685222
.685222

5.

5.
-5.
-5.
.348695
.348695
.348695
.348695
.517784
.517784
.517784
.517784
.023597
.023597
.023597
.023597
.023597
.023597
.023597
.023597

5.

5.
-5.
.012115

5.

5.
-5.
-5.
.509042
.509042
.509042
.509042

112917
112917
112917
112917

012115
012115
012115

012115
012115
012115
012115

BP86 Optimized Cartesian
.000000
.000000
.000000
.045614
.045614
.114172
.114172
.114172
.114172
.880130
.880130
.880130
.880130
.456165
.456165
.456165
.456165
. 685222
.685222
.685222
.685222
.253414
.253414
.253414
.253414
.348695
.348695
.348695
.348695
.112917
.112917
.112917
.112917
.517784
.517784
.517784
.517784
.023597
.023597
.023597
.023597
.023597
.023597
.023597
.023597
.012115
.012115
.012115
.012115
.012115
.012115
.012115
.012115
.509042
.509042
.509042
.509042

oNeNeNORN Il il N N el e e e N eoNoNeoNeoBoloNoNoNeololoNoNoloNoBoNoNoNoNoloNoNoNoNeoNoloNoNoNoNolololNolNoNe]

Coordinates of HS *Ey VIPP

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.208106
.208106
.208106
.208106
.208106
.208106
.208106
.208106
.208223
.208223
.208223
.208223
.208223
.208223
.208223
.208223
.000000
.000000
.000000
.000000
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.636128
.636128
.636128
.636128
.636128
.636128
.636128
.636128
.394712
.394712
.394712
.394712
.394712
.394712
.394712
.394712
.280838
.280838
.280838
.280838

.636128
.636128
.636128
.636128
.636128
.636128
.636128
.636128
.394712
.394712
.394712
.394712
.394712
.394712
.394712
.394712
.280838
.280838
.280838
.280838

OO O ONMNMNNMNNDNDNMNDNDNDNDNDNDNDNDDNDDNDDNDDN

.152006
.152006
.152006
.152006
.152006
.152006
.152006
.152006
.156052
.156052
.156052
.156052
.156052
.156052
.156052
.156052
.000000
.000000
.000000
.000000



Table S14.

MTPP and MPc GS terms and low-lying excited state
sharing the same GS spin multiplicity
are reported with energy ordered SOs);

(ExS) terms

(corresponding electronic configurations
relative energies are in meV.2?®

GS ExS1 ExS2 ExS3
N T
VTPP ‘Eq [a19b29eg] By, [¢P2] ‘Rog[M19%9]
(O) (123) (278)
)
VPe ‘Ey [ “wbm ﬂ 1P,y [9%9] 4 [69 b 2g]
(0) (75) (78)
T
CrTPP *Big [b29a19 !
(0)
T
CrPc 5Bl[bw“w ﬂ
(0)
T
MnTPP [egalgbZleg]
(0)
T T .1 i
0 R IO 3 R T
MnPc (O) (314) [ 29 galgalg]
(449)
T, 0 1 T 0 o0
*Azg [gbzga1gb2ga19] ’E,V [a1gbzgegb2g 9] | *By [ngalyegeg] bl e b
FelbP (0) (123) (253) [P29% 9 %19%14%9)
(728)
T T T, 1.1 T 1 .0
SN O T O O B bl
Febe (0) (47) (62) (D242 g %19%14%)
(532)
T T 1T T M0 T 1.1
COTPP *Aig [a19b29b29 9%9] 25, 0248 g P2g%19%14%]
(0) (172)
T 1, 11 T 1
2n, [algngegng 9] 2Eg[ Zg gngalgalg g
CoPc (O) ]
(231)
] PR 1¢]
NiTPP A [726% 9 %19
(0)
b1t
NiPc 1A1[2919 g
(0)
oM lZEiLg E
CuTPP bwbw gawawbw]
(0)
. ﬁB% h 11
CuPc bwbw gamegawbw]
(0)
T, 70 1T, 10
ZnTPP 12, [MP16% 9 byl
(0)
T T 1070
7nPc 1A [blg g Hgbagl
(0)

@HS MnTPP calculations have been run by adopting the B3LYP functional.

symbols are omitted because no misunderstanding is possible.

°l, L, o, and =



Values of the

Table S15. MTPP (MPc) TSEAs (eV) of low-lying unoccupied SOs.
highest TSEA are in bold.®?®

°a,, b, g e pricg pmcly,

VTPP | 0.66%v | 0.317 | 0.01%v | 2.23" | 1.81%| 0.43"

VPc 1.18% | -0.95"7| 0.53% | 2.94" | 2.50%| 0.99"

CrTPP | 0.39% | 0.327 | 0.13% | -0.37*|1.76"| 0.38"

CrPc | 1.13% | -0.59T7| 0.87" | 0.96% | 2.47"| 0.97"

MnTPP | -0.20% | -3.59% | -1.17%| -1.57% | 1.33" | -0.09"

MnPc | 2.16% | 1.14" | 2.25% | 1.69% |2.84'| 0.93"

FeTPP - 0.41" - 0.71% | 1.85"| 0.35"

FePc - 0.30" - 1.44% | 2.61Y| 0.95"

CoTPP | 2.13% | 1.06" - - 1.527| 0.26"

CoPc | 3.00% | 1.457 - - 2.177| o0.90"

NiTPP - 1.47" - - 1.53"| 0.27"

NiPc - 1.88" - - 2.19" | 0.91"

CuTPP - 1.35¢ - - 1.617| 0.337

CuPc - 1.78% - - 2.25" | 0.94"

ZnTPP - - - - 1.64"| 0.38"

ZnPc - - - - 2.26" | 0.96"

@HS MnTPP TSEA calculations have Dbeen run
positive values correspond to the IE of the MTPP~

indicate an unfavorable

(costly)

electron capture.

(MPc™)

species;

by adopting the B3LYP functional. PTSEA
negative wvalues



Table Sl6.

jusiiia siita ville s lia vl a slila s il sl a s ila sl i s s e il il s s B O O N O NONONONO O NONO O NONO O NONO N NO N HONO N HONO N O RO N NO NSO N O NO B A~ Al - Al Al - dl -

NDNNDNMNNDMNDNNRERE O OO

0.

1.

0.
-1.

0.
.406487
.406487
.406487
.406487
.133801
.133801
.800668
.800668
.133801
.133801
.800668
.800668
.708367
.708367
.192090
.192090
.708367
.708367
.192090
.192090
.426932
.426932
.392288
.392288
.426932
.426932
.392288
.392288
.705104
.705104
.585826
.585826
.705104
.705104
.585826
.585826
.516758
.516758
.384671
.384671
.516758
.516758
.384671
.384671
.538070
.538070
.237018
.237018
.538070
.538070
.237018
.237018

000000
996056
000000
996056
000000

BP86 Optimized Cartesian
.000000
.000000
.996056
.000000
.996056
.406487
.406487
.406487
.406487
.800668
.800668
.133801
.133801
.800668
.800668
.133801
.133801
.192090
.192090
.708367
.708367
.192090
.192090
.708367
.708367
.392288
.392288
.426932
.426932
.392288
.392288
.426932
.426932
.585826
.585826
.705104
.705104
.585826
.585826
.705104
.705104
.384671
.384671
.516758
.516758
.384671
.384671
.516758
.516758
.237018
.237018
.538070
.538070
.237018
.237018
.538070
.538070

oNoNoNoNoNoNoNoNoRoBoNoNoNoNoRoNoNoNoNoloNoNoNoNololoNoNoNololoNoNolNoNoBoNoNoNoNololoNoNoNoNoloNoNoNoNolololNolNoNe]

Coordinates of HS “Ey VPc

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000



Table S17.

Cr
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|
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.000000
.034619
.034619
.000000
.000000
.868807
.868807
.868807
.868807
.109460
.109460
.109460
.109460
.450278
.450278
.450278
.450278
.246273
.246273
.246273
.246273
.683005
.683005
.683005
.683005
.102289
.102289
.102289
.102289
.350730
.350730
.350730
.350730
.511770
.511770
.511770
.511770
.017492
.017492
.017492
.017492
.017492
.017492
.017492
.017492
.006003
.006003
.006003
.006003
.006003
.006003
.006003
.006003
.503033
.503033
.503033
.503033

BP86 Optimized Cartesian
.000000
.000000
.000000
.034619
.034619
.109460
.109460
.109460
.109460
.868807
.868807
.868807
.868807
.450278
.450278
.450278
.450278
.683005
.683005
.683005
.683005
.246273
.246273
.246273
.246273
.350730
.350730
.350730
.350730
.102289
.102289
.102289
.102289
.511770
.511770
.511770
.511770
.017492
.017492
.017492
.017492
.017492
.017492
.017492
.017492
.006003
.006003
.006003
.006003
.006003
.006003
.006003
.006003
.503033
.503033
.503033
.503033

NN Il il N N el e e e N eoNoNeoNeoBoloNoNoNeolololNoNoloNoBoNoNoNoNololNoNoNoNoNoloNoNoNoNolololNolNoNe]

Coordinates of HS °Byy CrTPP

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.208137
.208137
.208137
.208137
.208137
.208137
.208137
.208137
.208251
.208251
.208251
.208251
.208251
.208251
.208251
.208251
.000000
.000000
.000000
.000000



jasiitasiiasiasiita riiasiia s e riias e s s e s e st iias e ot a e sl a sl a

.630077
.630077
.630077
.630077
.630077
.630077
.630077
.630077
.388509
.388509
.388509
.388509
.388509
.388509
.388509
.388509
.274800
.274800
.274800
.274800

.630077
.630077
.630077
.630077
.630077
.630077
.630077
.630077

5.

5.
-5.
-5.

5.

5.
-5.
-5.

6.

6.
-6.
-6.

388509
388509
388509
388509
388509
388509
388509
388509
274800
274800
274800
274800

OO O ONMNMNNMNNDNDNMNDNDNDNDNDNDNDNDDNDDNDDNDDN

.152040
.152040
.152040
.152040
.152040
.152040
.152040
.152040
.156177
.156177
.156177
.156177
156177
.156177
156177
.156177
.000000
.000000
.000000
.000000



Table S18.

Cr

TIoD DI I DD DD DD D oD IoD D000 aczzzzz2z222

NDNNOMNNDMNNNRERE O OO

-4

.000000
.982180
.000000
.982180
.000000
.400852
.400852
.400852
.400852
.128550
.128550
. 789117
.789117
.128550
.128550
. 789117
.789117
.706646
-0.
-4.
.184723
-0.

0.

4.

4.

1.
.427343
.382239
.382239
.427343
.427343
.382239
.382239
.704571
.704571
.576695
.576695
.704571
.704571
.576695
.576695
.517645
.517645
.374210
.374210
.517645
.517645
.374210
.374210
.529167
.529167
.236934
.236934
.529167
.529167
.236934
.236934

706646
184723

706646
706646
184723
184723
427343

BP86 Optimized Cartesian
.000000
.000000
.982180
.000000
.982180
.400852
.400852
.400852
.400852
.789117
.789117
.128550
.128550
.789117
.789117
.128550
.128550
.184723
.184723
.706646
.706646
.184723
.184723
.706646
.706646
.382239
.382239
.427343
.427343
.382239
.382239
.427343
.427343
.576695
.576695
.704571
.704571
.576695
.576695
.704571
.704571
.374210
.374210
.517645
.517645
.374210
.374210
.517645
.517645
.236934
.236934
.529167
.529167
.236934
.236934
.529167
.529167

oNoNoNoNoNoNoNoNoRoBoNoNoNoNoloNoNoNoRoloNoNoNoNololoNoNoNololoNoNoloNoloNoNoNoNololNoNoNoNoNoloNoNoNoNolololNolNoNe]

Coordinates of HS °Biy CrPc

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000



Table S19. B3LYP Optimized Cartesian Coordinates of HS °A;; MnTPP
.000000
.000000
.000000
.095158
.095158
.114062
.114062
.114062
.114062
.902190
.902190
.902190
.902190
.459880
.459880
.459880
.459880
.683518
.683518
.683518
.683518
.288720
.288720
.288720
.288720
.339908
.339908
.339908
.339908
.148161
.148161
.148161
.148161
.527163
.527163
.527163
.527163
.033423
.033423
.033423
.033423
.033423
.033423
.033423
.033423
.022173
.022173
.022173
.022173
.022173
.022173
.022173
.022173
.519434
.519434
.519434
.519434

OO NONONONONO OO NN NN NONONONONONONONONONONQ N i s il i HONONONONONO NI NOINONONONONONONO NO NO NG NG N = Al Al - Al Al

3

|
NNNMNNNNRPRERERPRRERENDNDNOOO

0.
2.
.095158
.000000
.000000
.902190
.902190
.902190
.902190
.114062
-1.

1.
-1.

2.

-2

-2

-4

-4

-4

4

-4

-5

000000
095158

114062
114062
114062
459880

.459880
2.

459880

.459880
4.
.288720
4.
.288720
0.
-0.
0.
-0.
5.
5.
-5.
-5.
1.
1.
-1.
-1.
3.
3.
-3.
-3.
4.
4.
.033423
-4.
.033423
4.
.033423
-4.
5.
5.
-5.
.022173
5.
5.
-5.
-5.
.519434
.519434
.519434
.519434

288720

288720

683518
683518
683518
683518
148161
148161
148161
148161
339908
339908
339908
339908
527163
527163
527163
527163
033423
033423

033423

033423

033423
022173
022173
022173

022173
022173
022173
022173

oNoNeNGR Il e e Ll el el e e e e N e eoNeoNeoNeoRoNoNoNoNeoNohoNoNoNoNololNoNoNoNoRooNoNoNoNololNolNoNoNoNol oo

0.
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.206994
.206994
.206994
.206994
.206994
.206994
.206994
.206994
.208138
.208138
.208138
.208138
.208138
.208138
.208138
.208138
.000000
.000000
.000000
.000000

000000



jasiitasiiasiasiita riiasiia s e riias e s s e s e st iias e ot a e sl a sl a

.649375
.649375
.649375
.649375
.649375
.649375
.649375
.649375
.402801
.402801
.402801
.402801
.402801
.402801
.402801
.402801
.287704
.287704
.287704
.287704

3.
3.
-3.
-3.
3.
3.
-3.
-3.
5.
5.
-5.
-5.
5.
5.
-5.
-5.
6.
6.
-6.
-6.

649375
649375
649375
649375
649375
649375
649375
649375
402801
402801
402801
402801
402801
402801
402801
402801
287704
287704
287704
287704

OO O ONMNMNNMNNDNDNMNDNDNDNDNDNDNDNDDNDDNDDNDDN

.148130
.148130
.148130
.148130
.148130
.148130
.148130
.148130
.152122
.152122
.152122
.152122
.152122
.152122
.152122
.152122
.000000
.000000
.000000
.000000



Table S20. BP86 Optimized Cartesian Coordinates of IS “Ey MnPc

Mn 0.000000 0.000000 0.000000
N 0.000000 1.951773 0.000000
N 1.951773 0.000000 0.000000
N 0.000000 -1.951773 0.000000
N -1.951773 0.000000 0.000000
N 2.396997 2.396997 0.000000
N 2.396997 -2.396997 0.000000
N -2.396997 2.396997 0.000000
N -2.396997 -2.396997 0.000000
C 2.773696 1.127805 0.000000
C 2.773696 -1.127805 0.000000
C 1.127805 -2.773696 0.000000
C -1.127805 -2.773696 0.000000
C -2.773696 -1.127805 0.000000
C -2.773696 1.127805 0.000000
C -1.127805 2.773696 0.000000
C 1.127805 2.773696 0.000000
C 4.163375 0.705262 0.000000
C 4.163375 -0.705262 0.000000
C 0.705262 -4.163375 0.000000
C -0.705262 -4.163375 0.000000
C -4.163375 -0.705262 0.000000
C -4.163375 0.705262 0.000000
C -0.705262 4.163375 0.000000
C 0.705262 4.163375 0.000000
C 5.361079 1.427873 0.000000
C 5.361079 -1.427873 0.000000
C 1.427873 -5.361079 0.000000
C -1.427873 -5.361079 0.000000
C -5.361079 -1.427873 0.000000
C -5.361079 1.427873 0.000000
C -1.427873 5.361079 0.000000
C 1.427873 5.361079 0.000000
C 6.554490 0.705235 0.000000
C 6.554490 -0.705235 0.000000
C 0.705235 -6.554490 0.000000
C -0.705235 -6.554490 0.000000
C -6.554490 -0.705235 0.000000
C -6.554490 0.705235 0.000000
C -0.705235 6.554490 0.000000
C 0.705235 6.554490 0.000000
H 5.352581 2.518106 0.000000
H 5.352581 -2.518106 0.000000
H 2.518106 -5.352581 0.000000
H -2.518106 -5.352581 0.000000
H -5.352581 -2.518106 0.000000
H -5.352581 2.518106 0.000000
H -2.518106 5.352581 0.000000
H 2.518106 5.352581 0.000000
H -1.237543 -7.506985 0.000000
H 1.237543 -7.506985 0.000000
H 7.506985 -1.237543 0.000000
H 7.506985 1.237543 0.000000
H 1.237543 7.506985 0.000000
H -1.237543 7.506985 0.000000
H -7.506985 1.237543 0.000000
H -7.506985 -1.237543 0.000000



Table S21. BP86 Optimized Cartesian Coordinates of IS JA,; FeTPP

Fe 0.000000 0.000000 0.000000
N 0.000000 1.990545 0.000000
N 0.000000 -1.990545 0.000000
N 1.990545 0.000000 0.000000
N -1.990545 0.000000 0.000000
C 1.100991 2.837587 0.000000
C -1.100991 2.837587 0.000000
C 1.100991 -2.837587 0.000000
C -1.100991 -2.837587 0.000000
C 2.837587 1.100991 0.000000
C 2.837587 -1.100991 0.000000
C -2.837587 1.100991 0.000000
C -2.837587 -1.100991 0.000000
C 2.440626 2.440626 0.000000
C 2.4406206 -2.440626 0.000000
C -2.440626 2.440626 0.000000
C -2.440626 -2.440626 0.000000
C 0.681888 4.214274 0.000000
C 0.681888 -4.214274 0.000000
C -0.681888 4.214274 0.000000
C -0.681888 -4.214274 0.000000
C 4.214274 0.681888 0.000000
C 4.214274 -0.681888 0.000000
C -4.214274 0.681888 0.000000
C -4.214274 -0.681888 0.000000
H 1.354259 5.066448 0.000000
H -1.354259 5.066448 0.000000
H 1.354259 -5.066448 0.000000
H -1.354259 -5.066448 0.000000
H 5.066448 1.354259 0.000000
H -5.066448 1.354259 0.000000
H 5.066448 -1.354259 0.000000
H -5.066448 -1.354259 0.000000
C 3.501404 3.501404 0.000000
C -3.501404 3.501404 0.000000
C 3.501404 -3.501404 0.000000
C -3.501404 -3.501404 0.000000
C 4.006838 4.006838 1.208336
C 4.006838 4.006838 -1.208336
C 4.006838 -4.006838 1.208336
C 4.006838 -4.006838 -1.208336
C -4.000838 4.006838 1.208336
C -4.006838 4.006838 -1.208336
C -4.006838 -4.006838 1.208336
C -4.006838 -4.006838 -1.208336
C 4.995330 4.995330 1.208319
C 4.995330 4.995330 -1.208319
C 4.995330 -4.995330 1.208319
C 4.995330 -4.995330 -1.208319
C -4.995330 4.995330 1.208319
C -4.995330 4.995330 -1.208319
C -4.995330 -4.995330 1.208319
C -4.995330 -4.995330 -1.208319
C 5.492300 5.492300 0.000000
C -5.492300 5.492300 0.000000
C 5.492300 -5.492300 0.000000
C -5.492300 -5.492300 0.000000



jasiitasiiasiasiita riiasiia s e riias e s s e s e st iias e ot a e sl a sl a

.619366
.619366
.619366
.619366
.619366
.619366
.619366
.619366
.377848
.377848
.377848
.377848
.377848
.377848
.377848
.377848
.264055
.264055
.264055
.264055

3.
3.
-3.
-3.
3.
3.
-3.
-3.

619366
619366
619366
619366
619366
619366
619366
619366
.377848
.377848
.377848
.377848
.377848
.377848
.377848
.377848
.264055
.264055
.264055
.264055

OO O ONMNMNNMNNDNDNMNDNDNDNDNDNDNDNDDNDDNDDNDDN

.152184
.152184
.152184
.152184
.152184
.152184
.152184
.152184
.156159
.156159
.156159
.156159
.156159
.156159
.156159
.156159
.000000
.000000
.000000
.000000



Table S22. BP86 Optimized Cartesian Coordinates of IS *A,; FePc

Fe 0.000000 0.000000 0.000000
N 0.000000 1.938380 0.000000
N 1.938380 0.000000 0.000000
N 0.000000 -1.938380 0.000000
N -1.938380 0.000000 0.000000
N 2.392934 2.392934 0.000000
N 2.392934 -2.392934 0.000000
N -2.392934 2.392934 0.000000
N -2.392934 -2.392934 0.000000
C 2.758900 1.118667 0.000000
C 2.758900 -1.118667 0.000000
C 1.118667 -2.758900 0.000000
C -1.118667 -2.758900 0.000000
C -2.758900 -1.118667 0.000000
C -2.758900 1.118667 0.000000
C -1.118667 2.758900 0.000000
C 1.118667 2.758900 0.000000
C 4.153278 0.704499 0.000000
C 4.153278 -0.704499 0.000000
C 0.704499 -4.153278 0.000000
C -0.704499 -4.153278 0.000000
C -4.153278 -0.704499 0.000000
C -4.153278 0.704499 0.000000
C -0.704499 4.153278 0.000000
C 0.704499 4.153278 0.000000
C 5.349405 1.428580 0.000000
C 5.349405 -1.428580 0.000000
C 1.428580 -5.349405 0.000000
C -1.428580 -5.349405 0.000000
C -5.349405 -1.428580 0.000000
C -5.349405 1.428580 0.000000
C -1.428580 5.349405 0.000000
C 1.428580 5.349405 0.000000
C 6.542603 0.705244 0.000000
C 6.542603 -0.705244 0.000000
C 0.705244 -6.542603 0.000000
C -0.705244 -6.542603 0.000000
C -6.542603 -0.705244 0.000000
C -6.542603 0.705244 0.000000
C -0.705244 6.542603 0.000000
C 0.705244 6.542603 0.000000
H 5.340426 2.518759 0.000000
H 5.340426 -2.518759 0.000000
H 2.518759 -5.340426 0.000000
H -2.518759 -5.340426 0.000000
H -5.340426 -2.518759 0.000000
H -5.340426 2.518759 0.000000
H -2.518759 5.340426 0.000000
H 2.518759 5.340426 0.000000
H -1.236959 -7.495414 0.000000
H 1.236959 -7.495414 0.000000
H 7.495414 -1.236959 0.000000
H 7.495414 1.236959 0.000000
H 1.236959 7.495414 0.000000
H -1.236959 7.495414 0.000000
H -7.495414 1.236959 0.000000
H -7.495414 -1.236959 0.000000



Table S23.

Co

NN OO OO OO O NN NN NN OO NONONONONONONON -l i i sl HONONONONONONO NI NI NI NONONONONONO N NO NO @ R = A A - -

|
NN RPRPRPRPRPREREREREREOOO

.000000
.978291
.978291
.000000
.000000
.828005
.828005
.828005
.828005
.099643
.099643
.099643
.099643
.436695
.436695
.436695
.436695
.206140
.206140
.206140
.206140
.680023
.680023
.680023
.680023
.056663
.056663
.056663
.056663
.354321
.354321
.354321
.354321
.497426
.497426
.497426
.497426
.002894
.002894
.002894
.002894
.002894
.002894
.002894
.002894
.991388
.991388
.991388
.991388
.991388
.991388
.991388
.991388
.488262
.488262
.488262
.488262

BP86 Optimized Cartesian
.000000
.000000
.000000
.978291
.978291
.099643
.099643
.099643
.099643
.828005
.828005
.828005
.828005
.436695
.436695
.436695
.436695
.680023
.680023
.680023
.680023
.206140
.206140
.206140
.206140
.354321
.354321
.354321
.354321
.056663
.056663
.056663
.056663
.497426
.497426
.497426
.497426
.002894
.002894
.002894
.002894
.002894
.002894
.002894
.002894
.991388
.991388
.991388
.991388
.991388
.991388
.991388
.991388
.488262
.488262
.488262
.488262

NN Il il N N el e e e N eoNoNeoNeoBoloNoNoNeolololNoNoloNoBoNoNoNoNololNoNoNoNoNoloNoNoNoNolololNolNoNe]

Coordinates of LS ?A;y; CoTPP

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.208297
.208297
.208297
.208297
.208297
.208297
.208297
.208297
.208125
.208125
.208125
.208125
.208125
.208125
.208125
.208125
.000000
.000000
.000000
.000000



jasiitasiiasiasiita riiasiia s e riias e s s e s e st iias e ot a e sl a sl a

.615702
.615702
.615702
.615702
.615702
.615702
.615702
.615702
.374196
.374196
.374196
.374196
.374196
.374196
.374196
.374196
.260163
.260163
.260163
.260163

.615702
.615702
.615702
.615702
.615702
.615702
.615702
.615702
.374196
.374196
.374196
.374196
.374196
.374196
.374196
.374196
.260163
.260163
.260163
.260163

OO O ONMNMNNMNNDNDNMNDNDNDNDNDNDNDNDDNDDNDDNDDN

.152242
.152242
.152242
.152242
.152242
.152242
.152242
.152242
.155955
.155955
.155955
.155955
.155955
.155955
.155955
.155955
.000000
.000000
.000000
.000000



Table S24.

Co

TIoD DI I DD DD DD D oD IoD D000 aczzzzz2z222

NDNNOMNNDMNNNRERE O OO

0.
.928001
.000000
-1.
.000000

2.
-2.

2.
-2.

1.
-1.
-2.
-2.
-1.

1

2

-4

000000

928001

389166
389166
389166
389166
116929
116929
751081
751081
116929

.116929
2.

751081

.751081

0.
-0.
-4.
.146790
-0.

0.

4.

4.

1.
-1.
-5.
-5.
-1.

1.

5.

5.
.704733
.704733
.535460
.535460
.704733
.704733
.535460
.535460
.518402
.518402
.331871
.331871
.518402
.518402
.331871
.331871
=7.
=7.
-1.

1.

7.

7.

1.
-1.

702899
702899
146790

702899
702899
146790
146790
428156
428156
341225
341225
428156
428156
341225
341225

487980
487980
237096
237096
487980
487980
237096
237096

BP86 Optimized Cartesian
.000000
.000000
.928001
.000000
.928001
.389166
.389166
.389166
.389166
.751081
.751081
.116929
.116929
.751081
.751081
.116929
.116929
.146790
.146790
.702899
.702899
.146790
.146790
.702899
.702899
.341225
.341225
.428156
.428156
.341225
.341225
.428156
.428156
.535460
.535460
.704733
.704733
.535460
.535460
.704733
.704733
.331871
.331871
.518402
.518402
.331871
.331871
.518402
.518402
.237096
.237096
.487980
.487980
.237096
.237096
.487980
.487980

oNoNoNoNoNoNoNoNoRoBoNoNoNoNoloNoNoNoRoloNoNoNoNololoNoNoNololoNoNoloNoloNoNoNoNololNoNoNoNoNoloNoNoNoNolololNolNoNe]

Coordinates of LS ?A;4 CoPc

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000



Table S25.

Co

TIoD DI I DD DD DD D oD IoD D000 aczzzzz2z222

NDNNOMNNDMNNNRERE O OO

-2

5

=-7.
-7.
-1.
1.
7.
7.
1.
-1.

.000000
.922634
.000000
.922634
.000000
.388044
.388044
.388044
.388044
.115139
.115139
. 748293
. 748293
.115139
.115139
. 748293
. 748293
.701701
.701701
.147717
.147717
.701701
.701701
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Table S26. Theoretical and experimentalll® Ml values
MPct (M = Co, Ni, Cu, and Zn)

l
a vacancy in the 2ayy, pmer SO.

MPc MPc*
Theory | Exp. | Theory | Exp.
Co 1517 1505 1513 1532
Ni 1524 1520 1520 1412
Cu 1491 1505 1491 -
Zn 1470 1480 1471 ~1049

(cm™)

of the MPc and

IR-active 22e, vibrational mode (MPc* carries



Table S27. BP86 Optimized Cartesian Coordinates of LS 'A;y; NiTPP

Ni 0.000000 0.000000 0.000000
N 0.000000 1.967191 0.000000
N 0.000000 -1.967191 0.000000
N 1.967191 0.000000 0.000000
N -1.967191 0.000000 0.000000
C 1.097534 2.817943 0.000000
C -1.097534 2.817943 0.000000
C 1.097534 -2.817943 0.000000
C -1.097534 -2.817943 0.000000
C 2.817943 1.097534 0.000000
C 2.817943 -1.097534 0.000000
C -2.817943 1.097534 0.000000
C -2.817943 -1.097534 0.000000
C 2.434283 2.434283 0.000000
C 2.434283 -2.434283 0.000000
C -2.434283 2.434283 0.000000
C -2.434283 -2.434283 0.000000
C 0.679814 4.195779 0.000000
C 0.679814 -4.195779 0.000000
C -0.679814 4.195779 0.000000
C -0.679814 -4.195779 0.000000
C 4.195779 0.679814 0.000000
C 4.195779 -0.679814 0.000000
C -4.195779 0.679814 0.000000
C -4.195779 -0.679814 0.000000
H 1.356819 5.043944 0.000000
H -1.356819 5.043944 0.000000
H 1.356819 -5.043944 0.000000
H -1.356819 -5.043944 0.000000
H 5.043944 1.356819 0.000000
H -5.043944 1.356819 0.000000
H 5.043944 -1.356819 0.000000
H -5.043944 -1.356819 0.000000
C 3.494583 3.494583 0.000000
C -3.494583 3.494583 0.000000
C 3.494583 -3.494583 0.000000
C -3.494583 -3.494583 0.000000
C 3.999689 3.999689 1.208453
C 3.999689 3.999689 -1.208453
C 3.999689 -3.999689 1.208453
C 3.999689 -3.999689 -1.208453
C -3.999689 3.999689 1.208453
C -3.999689 3.999689 -1.208453
C -3.999689 -3.999689 1.208453
C -3.999689 -3.999689 -1.208453
C 4.988155 4.988155 1.208308
C 4.988155 4.988155 -1.208308
C 4.988155 -4.988155 1.208308
C 4.988155 -4.988155 -1.208308
C -4.988155 4.988155 1.208308
C -4.988155 4.988155 -1.208308
C -4.988155 -4.988155 1.208308
C -4.988155 -4.988155 -1.208308
C 5.484941 5.484941 0.000000
C -5.484941 5.484941 0.000000
C 5.484941 -5.484941 0.000000
C -5.484941 -5.484941 0.000000
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Table S28. BP86 Optimized Cartesian Coordinates of LS !A;4 NiPc

Ni 0.000000 0.000000 0.000000
N 0.000000 1.915197 0.000000
N 1.915197 0.000000 0.000000
N 0.000000 -1.915197 0.000000
N -1.915197 0.000000 0.000000
N 2.386627 2.386627 0.000000
N 2.386627 -2.386627 0.000000
N -2.386627 2.386627 0.000000
N -2.386627 -2.386627 0.000000
C 2.740794 1.114288 0.000000
C 2.740794 -1.114288 0.000000
C 1.114288 -2.740794 0.000000
C -1.114288 -2.740794 0.000000
C -2.740794 -1.114288 0.000000
C -2.740794 1.114288 0.000000
C -1.114288 2.740794 0.000000
C 1.114288 2.740794 0.000000
C 4.136381 0.701987 0.000000
C 4.136381 -0.701987 0.000000
C 0.701987 -4.136381 0.000000
C -0.701987 -4.136381 0.000000
C -4.136381 -0.701987 0.000000
C -4.136381 0.701987 0.000000
C -0.701987 4.136381 0.000000
C 0.701987 4.136381 0.000000
C 5.330023 1.428707 0.000000
C 5.330023 -1.428707 0.000000
C 1.428707 -5.330023 0.000000
C -1.428707 -5.330023 0.000000
C -5.330023 -1.428707 0.000000
C -5.330023 1.428707 0.000000
C -1.428707 5.330023 0.000000
C 1.428707 5.330023 0.000000
C 6.523838 0.704890 0.000000
C 6.523838 -0.704890 0.000000
C 0.704890 -6.523838 0.000000
C -0.704890 -6.523838 0.000000
C -6.523838 -0.704890 0.000000
C -6.523838 0.704890 0.000000
C -0.704890 6.523838 0.000000
C 0.704890 6.523838 0.000000
H 5.320468 2.518887 0.000000
H 5.320468 -2.518887 0.000000
H 2.518887 -5.320468 0.000000
H -2.518887 -5.320468 0.000000
H -5.320468 -2.518887 0.000000
H -5.320468 2.518887 0.000000
H -2.518887 5.320468 0.000000
H 2.518887 5.320468 0.000000
H -1.237122 -7.476417 0.000000
H 1.237122 -7.476417 0.000000
H 7.476417 -1.237122 0.000000
H 7.476417 1.237122 0.000000
H 1.237122 7.476417 0.000000
H -1.237122 7.476417 0.000000
H -7.476417 1.237122 0.000000
H -7.476417 -1.237122 0.000000



Table S29. BP86 Optimized Cartesian Coordinates of LS 2A;, NiPc*

Ni 0.000000 0.000000 0.000000
N 0.000000 1.909054 0.000000
N 1.909054 0.000000 0.000000
N 0.000000 -1.909054 0.000000
N -1.909054 0.000000 0.000000
N 2.385471 2.385471 0.000000
N 2.385471 -2.385471 0.000000
N -2.385471 2.385471 0.000000
N -2.385471 -2.385471 0.000000
C 2.737860 1.112412 0.000000
C 2.737860 -1.112412 0.000000
C 1.112412 -2.737860 0.000000
C -1.112412 -2.737860 0.000000
C -2.737860 -1.112412 0.000000
C -2.737860 1.112412 0.000000
C -1.112412 2.737860 0.000000
C 1.112412 2.737860 0.000000
C 4.136759 0.700799 0.000000
C 4.136759 -0.700799 0.000000
C 0.700799 -4.136759 0.000000
C -0.700799 -4.136759 0.000000
C -4.136759 -0.700799 0.000000
C -4.136759 0.700799 0.000000
C -0.700799 4.136759 0.000000
C 0.700799 4.136759 0.000000
C 5.324212 1.429748 0.000000
C 5.324212 -1.429748 0.000000
C 1.429748 -5.324212 0.000000
C -1.429748 -5.324212 0.000000
C -5.324212 -1.429748 0.000000
C -5.324212 1.429748 0.000000
C -1.429748 5.324212 0.000000
C 1.429748 5.324212 0.000000
C 6.522780 0.701846 0.000000
C 6.522780 -0.701846 0.000000
C 0.701846 -6.522780 0.000000
C -0.701846 -6.522780 0.000000
C -6.522780 -0.701846 0.000000
C -6.522780 0.701846 0.000000
C -0.701846 6.522780 0.000000
C 0.701846 6.522780 0.000000
H 5.317929 2.519497 0.000000
H 5.317929 -2.519497 0.000000
H 2.519497 -5.317929 0.000000
H -2.519497 -5.317929 0.000000
H -5.317929 -2.519497 0.000000
H -5.317929 2.519497 0.000000
H -2.519497 5.317929 0.000000
H 2.519497 5.317929 0.000000
H -1.234865 -7.474150 0.000000
H 1.234865 -7.474150 0.000000
H 7.474150 -1.234865 0.000000
H 7.474150 1.234865 0.000000
H 1.234865 7.474150 0.000000
H -1.234865 7.474150 0.000000
H -7.474150 1.234865 0.000000
H -7.474150 -1.234865 0.000000
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BP86 Optimized Cartesian Coordinates of 2B;; CuTPP from ref. 32
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Table S31. BP86 Optimized Cartesian Coordinates of ?B;y CuPc from ref. 24

Cu 0.000000 0.000000 0.000000
N 0.000000 1.968115 0.000000
N 1.968115 0.000000 0.000000
N 0.000000 -1.968115 0.000000
N -1.968115 0.000000 0.000000
N 2.395396 2.395396 0.000000
N 2.395396 -2.395396 0.000000
N -2.395396 2.395396 0.000000
N -2.395396 -2.395396 0.000000
C 2.772347 1.121142 0.000000
C 2.772347 -1.121142 0.000000
C 1.121142 -2.772347 0.000000
C -1.121142 -2.772347 0.000000
C -2.772347 -1.121142 0.000000
C -2.772347 1.121142 0.000000
C -1.121142 2.772347 0.000000
C 1.121142 2.772347 0.000000
C 4.172097 0.705018 0.000000
C 4.172097 -0.705018 0.000000
C 0.705018 -4.172097 0.000000
C -0.705018 -4.172097 0.000000
C -4.172097 -0.705018 0.000000
C -4.172097 0.705018 0.000000
C -0.705018 4.172097 0.000000
C 0.705018 4.172097 0.000000
C 5.367736 1.427764 0.000000
C 5.367736 -1.427764 0.000000
C 1.427764 -5.367736 0.000000
C -1.427764 -5.367736 0.000000
C -5.367736 -1.427764 0.000000
C -5.367736 1.427764 0.000000
C -1.427764 5.367736 0.000000
C 1.427764 5.367736 0.000000
C 6.562369 0.704564 0.000000
C 6.562369 -0.704564 0.000000
C 0.704564 -6.562369 0.000000
C -0.704564 -6.562369 0.000000
C -6.562369 -0.704564 0.000000
C -6.562369 0.704564 0.000000
C -0.704564 6.562369 0.000000
C 0.704564 6.562369 0.000000
H 5.359430 2.517992 0.000000
H 5.359430 -2.517992 0.000000
H 2.517992 -5.359430 0.000000
H -2.517992 -5.359430 0.000000
H -5.359430 -2.517992 0.000000
H -5.359430 2.517992 0.000000
H -2.517992 5.359430 0.000000
H 2.517992 5.359430 0.000000
H -1.236974 -7.514740 0.000000
H 1.236974 -7.514740 0.000000
H 7.514740 -1.236974 0.000000
H 7.514740 1.236974 0.000000
H 1.236974 7.514740 0.000000
H -1.236974 7.514740 0.000000
H -7.514740 1.236974 0.000000
H -7.514740 -1.236974 0.000000



Table S32. BP86 Optimized Cartesian Coordinates of °B;, CuPc’

Cu 0.000000 0.000000 0.000000
N 0.000000 1.962521 0.000000
N 1.962521 0.000000 0.000000
N 0.000000 -1.962521 0.000000
N -1.962521 0.000000 0.000000
N 2.394036 2.394036 0.000000
N 2.394036 -2.394036 0.000000
N -2.394036 2.394036 0.000000
N -2.394036 -2.394036 0.000000
C 2.769622 1.119699 0.000000
C 2.769622 -1.119699 0.000000
C 1.119699 -2.769622 0.000000
C -1.119699 -2.769622 0.000000
C -2.769622 -1.119699 0.000000
C -2.769622 1.119699 0.000000
C -1.119699 2.769622 0.000000
C 1.119699 2.769622 0.000000
C 4.172900 0.703759 0.000000
C 4.172900 -0.703759 0.000000
C 0.703759 -4.172900 0.000000
C -0.703759 -4.172900 0.000000
C -4.172900 -0.703759 0.000000
C -4.172900 0.703759 0.000000
C -0.703759 4.172900 0.000000
C 0.703759 4.172900 0.000000
C 5.361981 1.428890 0.000000
C 5.361981 -1.428890 0.000000
C 1.428890 -5.361981 0.000000
C -1.428890 -5.361981 0.000000
C -5.361981 -1.428890 0.000000
C -5.361981 1.428890 0.000000
C -1.428890 5.361981 0.000000
C 1.428890 5.361981 0.000000
C 6.561454 0.701513 0.000000
C 6.561454 -0.701513 0.000000
C 0.701513 -6.561454 0.000000
C -0.701513 -6.561454 0.000000
C -6.561454 -0.701513 0.000000
C -6.561454 0.701513 0.000000
C -0.701513 6.561454 0.000000
C 0.701513 6.561454 0.000000
H 5.355031 2.518908 0.000000
H 5.355031 -2.518908 0.000000
H 2.518908 -5.355031 0.000000
H -2.518908 -5.355031 0.000000
H -5.355031 -2.518908 0.000000
H -5.355031 2.518908 0.000000
H -2.518908 5.355031 0.000000
H 2.518908 5.355031 0.000000
H -1.233939 -7.513138 0.000000
H 1.233939 -7.513138 0.000000
H 7.513138 -1.233939 0.000000
H 7.513138 1.233939 0.000000
H 1.233939 7.513138 0.000000
H -1.233939 7.513138 0.000000
H -7.513138 1.233939 0.000000
H -7.513138 -1.233939 0.000000
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Coordinates of !'A;4 ZnTPP
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.631325
.631325
.631325
.631325
.389581
.389581
.389581
.389581
.389581
.389581
.389581
.389581
.275750
.275750
.275750
.275750

.631325
.631325
.631325
.631325
.631325
.631325
.631325
.631325
.389581
.389581
.389581
.389581
.389581
.389581
.389581
.389581
.275750
.275750
.275750
.275750

OO O ONMNMNNMNNDNDNMNDNDNDNDNDNDNDNDDNDDNDDNDDN

.152080
.152080
.152080
.152080
.152080
.152080
.152080
.152080
.155976
.155976
.155976
.155976
.155976
.155976
.155976
.155976
.000000
.000000
.000000
.000000



Table S34.

zZn

TIoD DI I DD DD DD D oD IoD D000 aczzzzz2z222

NDNNDNNDNNDDNDNDNDNDONOO

.000000
.004022
.000000
.004022
.000000
.402191
.402191
.402191
.402191
.127434
.127434
.797886
.797886
.127434
.127434
.797886
.797886
.707544
.707544
.199224
.199224
.707544
.707544
.199224
.199224

1.
-1.
-5.
-5.
-1.

1.

5.

5.

0.
-0.
-6.
-6.
-0.

0.

6.

6.
.517373
.517373
.388914
.388914
.517373
.517373
.388914
.388914
.544321
.544321
.236630
.236630
.544321
.544321
.236630
.236630

426979
426979
396676
396676
426979
426979
396676
396676
704229
704229
591796
591796
704229
704229
591796
591796

BP86 Optimized Cartesian
.000000
.000000
.004022
.000000
.004022
.402191
.402191
.402191
.402191
.797886
.797886
.127434
.127434
.797886
.797886
.127434
.127434
.199224
.199224
.707544
.707544
.199224
.199224
.707544
.707544
.396676
.396676
.426979
.426979
.396676
.396676
.426979
.426979
.591796
.591796
.704229
.704229
.591796
.591796
.704229
.704229
.388914
.388914
.517373
.517373
.388914
.388914
.517373
.517373
.236630
.236630
.544321
.544321
.236630
.236630
.544321
.544321

oNoNoNoNoNoNoNoNoRoBoNoNoNoNoloNoNoNoRoloNoNoNoNololoNoNoNololoNoNoloNoloNoNoNoNololNoNoNoNoNoloNoNoNoNolololNolNoNe]

Coordinates of 'A;4 ZnPc

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000



Table S35.

zZn

TIoD DI I DD DD DD D oD IoD D000 aczzzzz2z222

NDNNOMNNDMNNNRERE O OO

0.
1.
0.
-1.
0.
.401013
.401013
.401013
.401013
.125759
.125759
. 795131
.795131
.125759
.125759
.795131
.795131
.706332
.706332
.199945
.199945
.706332
.706332
.199945
.199945
.428177
.428177
.390806
.390806
.428177
.428177
.390806
.390806
.701081
.701081
.591054
.591054
.701081
.701081
.591054
.591054
.518187
.518187
.385762
.385762
.518187
.518187
.385762
.385762
.542354
.542354
.234254
.234254
.542354
.542354
.234254
.234254

000000
998289
000000
998289
000000

BP86 Optimized Cartesian
.000000
.000000
.998289
.000000
.998289
.401013
.401013
.401013
.401013
.795131
.795131
.125759
.125759
.795131
.795131
.125759
.125759
.199945
.199945
.706332
.706332
.199945
.199945
.706332
.706332
.390806
.390806
.428177
.428177
.390806
.390806
.428177
.428177
.591054
.591054
.701081
.701081
.591054
.591054
.701081
.701081
.385762
.385762
.518187
.518187
.385762
.385762
.518187
.518187
.234254
.234254
.542354
.542354
.234254
.234254
.542354
.542354

oNoNoNoNoNoNoNoNoRoBoNoNoNoNoloNoNoNoRoloNoNoNoNololoNoNoNololoNoNoloNoloNoNoNoNololNoNoNoNoNoloNoNoNoNolololNolNoNe]

Coordinates of 2A;, ZnPc”

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000



