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� The crystal structure of biomimetic complex [FeII(TPPS) (NO�)]4─ is presented.
� Ferric oxodimer [μ-O-([FeIII(TPPS)])2]8─ is also structurally characterized.
� Both structures are described and compared to those of related complexes.
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A B S T R A C T

Iron water-soluble porphyrins have been long used as biomimetic compounds for modelling the active sites found
in heme-enzymes. In this regard, the anionic porphyrin [FeIII(TPPS)]3─ and its coordination complexes have been
repeatedly chosen as suitable water-soluble platforms for bioinorganic chemistry studies. In this work we report
for the first time the crystal structure of the water-soluble nitrosyl complex [FeII(TPPS) (NO�)]4─ along with that
of oxodimeric ferric species [μ-O-([FeIII(TPPS)])2]8─.
1. Introduction

X-ray diffraction is clearly one of the most powerful characterization
techniques, and bioinorganic chemists are eager to take advantage of it to
study their model compounds whenever it is possible. The structural
characterization of these compounds enables interesting comparisons
with their biological counterparts, regarding both the “active site” and
the second coordination sphere. In this context, the study of metal-
loporphyrin complexes acting as heme-enzyme models becomes a rele-
vant matter, and therefore, many crystal structures have been reported,
obtained mainly in organic media. In particular, the structures of many
meso-tetraarylporphyrins have been extensively studied, displaying an
interesting array of intermolecular channels and cavities that can
accommodate a wide variety of molecular guests [1].

Regarding the structural elucidation of porphyrin complexes with
nitric oxide and related species, which are relevant as biomimetic models
for heme-enzyme intermediates of the nitrogen cycle [2], the
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fundamental work of Dr. Scheidt and coworkers comprises the most
complete and detailed guide, including {MNO}6,7,8 complexes – ac-
cording to the Enemark-Feltham notation [3] – with M ¼ Fe, Mn and Co
[4]. Throughout their studies, intrinsic structural disorder was found in
the MNO fragments, which avoids the exact determination of certain key
parameters such as M-NO and N-O distances and the M-N-O angle.
However, the structural elucidation of these species remains of central
importance for determining expected variations, for example, along
different oxidation states of the MNO entity, or arising from modifica-
tions in the heme platform, which helps to establish analogies with the
biological systems they intend to model. Interestingly, even the crystal
structures of highly unstable {FeNO}8 porphyrin complexes [K(2.2.2)]
[FeII(OEP) (NO─)] and [Co(Cp)2][FeII(TFPPBr8) (NO─)]─ could be
determined in the last few years [5, 6], contributing to the understanding
of these reduced systems which could resemble reactive intermediates in
catalytic mechanisms in enzymes of the nitrogen cycle, such as nitric
oxide and nitrite reductases [7].
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All reported examples of iron nitrosyl porphyrin complexes were
obtained in organic media. In fact, very few crystalline structures of
water-soluble metalloporphyrins have been reported at all, including
diaquo Ir(III) and Co(III) complexes of anionic TPPS4─ [8, 9], and both
the monomeric and oxodimeric species of ferric [FeIII(TMPyP)]5þ [10,
11]. In most cases, both the obtention of crystalline material and the
application of appropriate data refining algorithms resulted considerably
more challenging than in organic media. The structural elucidation of
water-soluble FeNO porphyrin complexes, in this context, arises as an
interesting research goal, which aims to make relevant comparisons with
organosoluble analogues and, hopefully, pointing out the influence of
solvent effects.

In most works about {FeNO}7 porphyrin complexes, these species are
generated in situ via Fe(III) chemical reduction (for example, with sodium
dithionite) followed by NO� (g) bubbling, or directly via reductive
nitrosylation when possible [12, 13]. The presence of trace impurities is
almost inevitable, especially when working in an aqueous environment.
In this work, we have taken advantage of the previously reported isola-
tion method for Na4[FeII(TPPS) (NO�)] from the reaction of
Na3[FeIII(TPPS)] and the HNO donor 4-nitro Piloty's acid (4-NO2-PA)
[14], which allows a more careful purification, to obtain the first crys-
talline sample of a water soluble {FeNO}7 porphyrin complex. We have
also successfully obtained the first crystal structure of ferric precursor
[FeIII(TPPS)]3─ as the oxodimeric species. The structures of both com-
plexes are shown in Figure 1.

2. Results and discussion

2.1. (BTMA)2Mg[FeII(TPPS) (NO�)]

Although thin crystals could be prepared from the sodium salt
Na4[FeII(TPPS) (NO�)], most of them either did not diffract, or collapsed
when placed in loop oil, and so ion-exchange procedures were carried
out. Only when the counterion was exchanged for benzyl-
trimethylammonium (BTMAþ), as described in the Experimental Section,
good quality crystals could be obtained. Bis(triphenylphosphine)imi-
nium was also evaluated as an alternative although its salts did not yield
suitable crystals.

Crystals were obtained after several weeks via slow acetone diffusion
into saturated aqueous solutions of the nitrosyl complex under argon
Figure 1. Chemical structures of anionic complexes [FeII(TP
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atmosphere, as detailed in the Experimental Section. Low temperature
(100K) measurements were required to obtain suitable data.

There are two molecules per unit cell, as shown in Figure 2, with
the NO ligand pointing in opposite directions. The complex is penta-
coordinate, as there is no water molecule occupying the vacant axial
position; this illustrates the trans-labilization effect exhorted by the
NO� ligand [15]. As the structure was solved, hexaaquamagnesium(II)
cations were also identified (Figure 2, left), likely arising from the
nitrosylation step, which involves an HNO donor that is synthesized in
the presence of excess MgO. Two BTMAþ cations per asymmetric unit
are also observed, compensating the 4- charge of the anionic complex.
The cations are oriented near the negatively charged 4-sulfonate
substituents.

A lateral view of a single porphyrin complex with and without solvent
molecules and counterions can be seen in Figure 3. It can be observed
that the 4-sulfonatophenyl meso substituents appear almost perpendic-
ular to the porphyrin ring. Relevant crystallographic information and
selected structural parameters are shown in Table 1.

The porphyrin core of [FeII(TPPS) (NO�)]4─, devoid of the meso
substituents, is shown in Figure 4. The structure displays a saddled
conformation, with atoms positioned above and below the porphyrin
24-atom mean plane, which is shown in pink in Figure 4 (left). The
individual atomic displacements from the mean plane, measured in
angstroms, are shown in Figure 4 (right); atoms below the mean plane
are more lightly colored. It can be observed that the four pyrrolic rings
appear alternatively above and below the porphyrin mean plane, while
meso carbon atoms remain essentially coplanar. This saddled confor-
mation has also been observed in many M(TPP)L (TPP: tetra-meso-tet-
raphenyl porphyrinate) pentacoordinate complexes, probably due to
the presence of bulky phenyl substituents [16]. On the other hand, in β
substituted porphyrins, the core ring can remain virtually flat [5].
Different non-planar distortions of porphyrin rings have also been
observed in many hemeproteins and appear to play a key role in their
specific functions [17].

The structure is generally well resolved, although as usual, there is
significant disorder in the NO fragment, as evidenced by the dis-
proportionally large probability ellipsoids [18]. Two orientations of
such fragment are simultaneously observed, and both of them involve
large N-O distances, which is characteristic of suboptimal quality data.
As Scheidt and coworkers stated [4], the N-O distance is expected to
PS) (NO�)]4─ (left) and [μ-O-([FeIII(TPPS)])2]8─ (right).



Figure 3. ORTEP plots of (BTMA)2Mg[FeII(TPPS) (NO�)] at the 50% probability level. Left: showing BTMAþ and [Mg(H2O)6]2þ counterions and a nearby acetone
molecule. Right: lateral view of porphyrin complex. Hydrogen atoms were omitted for clarity.

Figure 2. ORTEP plot of (BTMA)2Mg[FeII(TPPS) (NO�)] at the 50% probability level showing the crystal packing and unit cell along its three axes. BTMAþ and
[Mg(H2O)6]

2þ cations as well as nearby acetone molecules are only shown in the top left view for clarity reasons. Hydrogen atoms were omitted for clarity.
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remain essentially unchanged from that found in free nitric oxide
(1.15 Å) which is not the case as shown in Figure 5. The more
disordered O atom (as depicted by the larger ellipsoid) gives the
longer N-O distance and the smaller Fe-N-O angle, both values being
less similar to typical values found in {FeNO}7 complexes as shown in
Table 2. On the contrary, the N-O distance of 1.243 Å and Fe-N-O
angle of 136.08� found in the remaining orientation are closer to re-
ported values. Although smaller values for Fe-N-O angles have been
reported, as seen in Table 2, elongated N-O distances were also
observed in these cases [19].

From a top perspective, the NO� ligand is oriented between two
Fe-NPORF bonds, with the smallest O-N-Fe-NPORF dihedral angle
having a value of 41.46�. The iron atom is 0.247 Å out of the
porphyrin plane, in accordance with reported values. The Fe-NO
vector is tilted 7.8� from the porphyrin mean plane normal, repre-
senting a horizontal displacement of 0.234 Å between the N(NO)
atom and the iron atom.

As in previously reported cases, the four Fe-NPORF distances are not
equal, and can be grouped in two pairs of similar values, in this case,
1.982–1.987 Å and 1.999–2.003 Å. This asymmetry is a characteristic
3

property of the molecular structure of pentacoordinate {FeNO}7

porphyrin complexes, which does not seem to depend on the nature of
the porphyrin ring or intermolecular interactions, and has also been
observed in naturally occurring porphyrinates [18, 22]. This is related to
the aforementioned tilting of the N-O vector, as previously described: the
shorter Fe-NPORF distances correspond to the side towards which the N-O
vector is tilted.

Although no water molecules can be seen near the FeNO fragment
in [FeII(TPPS) (NO�)]4─, two acetone molecules are observed inter-
acting with the NO oxygen atom via hydrogen bonding interactions as
shown in Figure 6. Distances between the O atom and H atoms from
the nearest acetone molecule range between 2.22 and 3.33 Å. Notably,
reports of direct interactions between the NO fragment of {FeNO}7

complexes with solvent molecules are not frequently found in the
literature [19].

2.2. (BTMA)8[μ-O-(FeIII(TPPS))2]

Even though the anionic iron porphyrin [FeIII(TPPS)]3─ has been
widely explored as a catalyst in general [23] and as a water-soluble



Table 1. Crystallographic information and selected structural parameters for
(BTMA)2Mg[FeII(TPPS) (NO�)].

(BTMA)2Mg[FeII(TPPS) (NO�)]

Crystallographic Information

Space Group P-1

Crystal System Triclinic

a (Å) 9.1095 (4)

b (Å) 19.7734 (9)

c (Å) 22.9644 (10)

a (�) 79.838 (2)

β (�) 80.129 (2)

γ (�) 85.701 (2)

R1 6.14

Selected distances and angles

Fe-NO (Å) 1.718

Avg. N-O (Å) 1.272

Avg. Fe-NPORF (Å) 1.993

ΔFe out of plane (Å) 0.247

Avg. Fe-N-O (�) 134

FeNO tilting (�) 7.83

NPORF-Fe-N-O dihedral (�) 41.46
Figure 5. ORTEP plot of the FeNO fragment in (BTMA)2Mg[FeII(TPPS) (NO�)]
at the 50% probability level showing the two orientations of the NO ligand with
their respective N-O distances and Fe-N-O angles.

Table 2. Characteristic structural parameters for selected {FeNO}7 complexes.

Complex Fe-N-O (�) Tilt
FeNO (�)

N-O
(Å)

ΔFe (Å)y Ref

[Fe(TFPPBr8) (NO�)] 148.5 5 1.131 0.36 [6]

[Fe(3,5-Me-BAFP) (NO�)] 146a 0.09 1.15 0.36a [20]

[Fe(TPP) (NO�)] 144.5b 5.6 1.163 0.20b [21]

[Fe(OEP) (NO�)] 143.5a 7 1.167 0.28a [5]

[Fe(TTMP) (NO�)] 134.4c 3 1.236 0.25 [19]

[Fe(TPPS) (NO�)]4─ 134.2c 7.8 1.243 0.25 this
work

[Fe(TMP) (NO�)] 129.2c 0.5 1.293 0.32 [19]

y: Fe atom displacement from porphyrin mean plane. a: average of two structures
b: measured at 33K. c: average of two NO orientations.
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hemeprotein model in particular [24], no crystal structure of this
complex could be found in literature. Attempts had been made at
different pH values, but to no avail [10]. Taking advantage of the
counterion-exchange protocol explored for [FeII(TPPS) (NO�)]4─, we
focused on obtaining a crystalline sample of (BTMA)3[FeIII(TPPS)],
using the same crystallization method – acetone vapor diffusion – but
this time on a methanolic saturated solution, given the lower water
solubility of this complex. No special air-free techniques were
employed in this experiment since the complex is not
oxygen-sensitive.

After several weeks, needle-shaped metallic purple crystals were ob-
tained, which could be analyzed via X-ray diffraction. In all cases, the
obtained samples corresponded to the oxodimeric form; no monomeric
samples could be prepared, even in the presence of acid.

Figure 7 shows the unit cell of (BTMA)8[μ-O-(FeIII(TPPS))2], con-
taining six dimeric units. For each dimer, only one BTMAþ cation is
explicitly visible; the remaining counterions presented considerable
disorder to be modelled, and a solvent mask had to be applied using the
Figure 4. ORTEP plots of the porphyrin core of (BTMA)2Mg[FeII(TPPS) (NO�)] at the 50% probability level. Left: Saddled porphyrin conformation and porphyrin
mean plane, shown in pink. Right: top view, with individual atomic displacements from the porphyrin mean plane, in angstroms.
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Figure 6. Hydrogen bonding interactions between the NO fragment and a nearby acetone molecule.

Figure 7. ORTEP plot of (BTMA)8[μ-O-(FeIII(TPPS))2] at the 50% probability level showing the crystal packing and unit cell. Hydrogen atoms were omitted for clarity.
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SQUEEZE algorithm in Olex2, as previously performed with
[CoII(TPPS)]3─ [8]. The sulfonate groups also show markedly greater
disorder than in the nitrosyl complex structure.

As can be seen, dimeric units are close to each other with an inter-
plane separation (IS) of 4.833 Å, which is comparable to the distance
between porphyrin planes within the same dimer, indicating the pres-
ence of π-π stacking interactions. The Fe-Fe distance between adjacent
dimers is 7.77 Å, which is comparable to the value of 7.06 Å found in
[μ-O-([FeIII(TMPyP)])2]8þ. The slip angle (SA) between the dimeric
molecules is 52�, again comparable to the value found in
Figure 8. ORTEP plot of (BTMA)8[μ-O-(FeIII(TPPS))2] at the 50% probability level
Hydrogen atoms were omitted for clarity.
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[FeIII(TMPyP)]5þ, which is 57�. Lateral displacements between dimers
are also similar: 6.12 Å for [μ-O-([FeIII(TPPS)])2]8─ and 5.44 Å for [μ-O-
([FeIII(TMPyP)])2]8þ. These parameters can be visualized in Figure 13 in
the Experimental Section.

Figure 8 shows an individual dimer from a lateral (left) and top
(right) perspective, where the alternate conformation between the
monomers is evident, with dihedral NPORF-Fe-Fe-NPORF angles between
33.6� and 56.3�. This conformation minimizes the steric and electro-
static repulsions between the 4-sulfonatophenyl meso substituents. The
aromatic rings in the meso substituents are perpendicular to the
showing the lateral (left) and top (right) view of an individual dimer molecule.



Table 3. Crystallographic information and selected structural parameters for
(BTMA)8[μ-O-([FeIII(TPPS)])2].

(BTMA)8[μ-O-(FeIII(TPPS))2]

Crystallographic Information

Space group C 2/c

Crystal System Monoclinic

a (Å) 39.5217 (17)

b (Å) 21.2874 (9)

c (Å) 20.8582 (9)

a (�) 90

β (�) 96.8804 (17)

γ (�) 90

R1 6.19

Selected distances and angles

Fe-O (Å) 1.757

Δ Fe out of plane (Å) 0.510

Fe-O-Fe (�) 176.35

Fe-Fe (Å) 3.51

Avg. Fe-NPORF (Å) 2.079

NPORF-Fe-Fe-NPORF dihedral (�) 33.6�–56.3�

PORF-PORF(Å) 4.502

IPS (Å)* 4.833

LS (Å)* 6.12

Slip Angle (�)* 52�

* To visualize these parameters, see Figure 13 in the Experimental section.

Figure 9. ORTEP plot of (BTMA)8[μ-O-(FeIII(TPPS))2] at the 50% probability
level showing the atomic displacements from the porphyrin mean plane,
in angstroms.

Figure 10. Benzyltrimethylammonium cation (BTMAþ).
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porphyrin mean planes, which are parallel within and between dimers.
Crystallographic information and relevant structural parameters are
shown in Table 3.

The individual displacements (in angstroms) of each atom from the
24-atom porphyrin mean plane are shown in Figure 9. Although the iron
atom is considerably displaced from this plane, in this case the porphyrin
ring is essentially planar, with no evident saddled or ruffled distortion.
This feature possibly maximizes π-π stacking interactions between and
within dimers.
6

Most structural parameters obtained for [μ-O-([FeIII(TPPS)])2]8─ are
similar to those previously observed for the cationic oxodimeric species
[μ-O-([FeIII(TMPyP)])2](ClO4)8�4H2O [10]. For example, Fe-O distances
(1.757 Å for [μ-O-([FeIII(TPPS)])2]8─ and 1.750 Å for
[μ-O-([FeIII(TMPyP)])2]8þ), the Fe-O-Fe angle which remains essentially
straight (176.35� and 175.1� respectively), and the average Fe-NPORF
distances (2.076 Å and 2.081 Å respectively). The distance between both
porphyrin rings within a dimer is also similar, being 4.50 Å in
[μ-O-([FeIII(TPPS)])2]8─ and 4.43 Å in [μ-O-([FeIII(TMPyP)])2]8þ.

3. Conclusions and perspectives

The recently reported isolation method for Na4[FeII(TPPS) (NO�)]
[14], along with ion-exchange methods, allowed for the resolution of the
crystal structure of the first water-soluble porphyrin nitrosyl complex.
Crystalline samples could only be obtained after a counterion exchange
procedure, followed by slow acetone vapour diffusion in water, in the
absence of oxygen. Additionally, single crystal X-ray diffraction mea-
surements could only be performed at 100K, with crystals collapsing at
higher temperatures. In general, the most characteristic structural pa-
rameters agree with reported values for nitrosyl porphyrin complexes
soluble in organic media. No water molecules are found near the Fe-N-O
site, although hydrogen bonding interactions with an acetone molecule
can be inferred. The NO ligand is disordered, as is usually the case for
these complexes. In general, no significant differences are found in the
structural parameters of the water-soluble nitrosyl complexes, compared
to their organosoluble analogues. However, as already discussed in pre-
vious works, there seems to be an increased difficulty in the crystalliza-
tion of the complexes from aqueous solutions.

The counterion exchange procedure also allowed us to attempt the
structure solving of the ferric precursor [FeIII(TPPS)]3─. Fortunately,
crystalline samples could also be prepared, although only containing the
oxo dimeric form, [μ-O-([FeIII(TPPS)])2]8─. The observed structural pa-
rameters are in good agreement with those reported for the related
cationic complex [μ-O-([FeIII(TMPyP)])2]8þ.

4. Experimental section

4.1. Preparation of (BTMA)3[FeIII(TPPS)]

Na3[FeIII(TPPS)] was prepared from Na4[H2(TPPS)] available from
Frontier Scientific according to literature methods [14]. The sodium
counterions were exchanged for benzyltrimethylammonium (BTMAþ,
Figure 10) cations by obtaining H3[FeIII(TPPS)] after elution in a pro-
tonated DOWEX ion-exchange resin and re-neutralizing with (BTMA)OH.
The BTMA hydroxide was prepared by stirring excess Ag2O with (BTMA)
Br in the dark for over 24h until no bromide traces were found in the
supernatant, as detected via AgBr precipitation following acidic AgNO3
addition.



Figure 11. Crystallization setup for (BTMA)2Mg[FeII(TPPS) (NO�)] under
argon. Initially, a deoxygenated aqueous saturated solution of the complex is
placed in the vials. Degassed acetone (approximately 10–15 ml) is placed inside
the Schlenk tube, surrounding the vials. Needles are punctured through the vials'
septa to allow slow vapor diffusion.
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4.1.1. Crystallization method
5–8 mg fractions were dissolved in approximately 100 μL methanol to

give a saturated solution. The solution was placed into a 2 mL vial and
sealed with a new septum. The vial was placed inside a bigger flask
containing acetone. A needle was punctured through the septum, and the
flask was sealed. Acetone vapour was then allowed to slowly diffuse over
the aqueous solution in the dark at 24 �C. Needle-like crystals were
collected and measured after several weeks.

4.2. Preparation of (BTMA)4[FeII(TPPS) (NO�)]

(BTMA)4[FeII(TPPS) (NO�)] was prepared and isolated from
(BTMA)3[FeIII(TPPS)] following literature procedures reported for
Na4[FeII(TPPS) (NO�)] [14], but using (BTMA)OH instead of NaOH
during the nitrosylation reaction. The reaction was carried out under
strict anaerobic conditions using deoxygenated solvents and reagents.
The resulting complex is soluble in water and methanol.

4.2.1. Crystallization method
5–8 mg fractions were separated for crystallization inside a nitrogen

glovebox. They were afterwards dissolved in approximately 100 μL of
degassed milli-Q water and placed in a 5 mL vial inside an argon-filled
Schlenk flask using a Schlenk line. The vial was sealed with a new
septum, and 10–15 mLacetone, previously degassed by argon bubbling
and 3 freeze-pump-thaw cycles, were placed inside the Schlenk flask.
Finally, a needle was punctured through the septum allowing for slow
acetone vapor diffusion into the aqueous solution. The system was left
under argon at 24 �C in the dark. Thin needle-like crystals were collected
after several weeks. The crystallization setup can be seen in Figure 11.
7

4.3. Single crystal X-ray diffraction measurements

Crystals were first observed using a Nikon polarizing microscope.
Suitable samples were measured in a Bruker D8 QUEST ECO diffrac-
tometer equipped with a Mo (λ ¼ 0.71073 Å) source, a graphite
monochromator and a PHOTON 50™ CMOS detector. All measure-
ments were performed at 100 K using an Oxford Cryosystems Cryo-
stream 800 device. Data processing was performed using the Apex3
software, and multi-scan corrections were applied. SHELXT direct
methods were used in structure resolution and refining steps. Least
square fittings based on F2 were performed with SHELXL using Olex2
1.3 software. Mercury software was used for structure visualization
and figure selection.

4.3.1. X-ray structural analysis of BTMA2Mg[FeII(TPPS) (NO�)]
Crystal data: C44 H24 Fe N5 O13 S4, Mg(H2O)6, 2(C10H16N), 4(H2O),

2(C3H6O). Metallic dark violet, prism. 0.6 � 0.2� 0.15 mm3, triclinic, P-
1, a ¼ 9.1095(4) Å, b ¼ 19.7734(9) Å, c ¼ 22.9644(10) Å; α¼ 79.838
(2)�, β ¼ 80.129(2)�, γ¼ 85.701(2) from 20 degrees of data; T ¼ 99.99K;
V ¼ 4007.1(3)Å3, Z ¼ 2; Fw ¼ 1635.87; DC ¼ 1.356 gcm�3; μ ¼ 0.379
mm� 1. Data collection and processing: Bruker D8 Quest ECO
diffractometer, PHOTON 50™ CMOS, APEX-III detector, Mo Kα (λ ¼
0.71073 Å), graphite monochromator; -10� h� 10, -23� k� 23, -27� l
� 27, 425573 reflections collected, 14391 independent reflections (RINT
¼ 0.1453). Solution and refinement: The structure was solved by direct
methods with SHELXT. Full-matrix least-squares refinement based on F2

with SHELXL; 1198 parameters with 374 restraints, final R1 ¼ 0.0614
(based on F2) for data with I > 2 σ (I) and R1 ¼ 0.0875 on 14391 re-
flections, goodness-of-fit on F2 ¼ 1.087, largest electron density peak ¼
1.450 e Å� 3.

4.3.2. X-ray structural analysis of (BTMA)8[μ-O-(FeIII(TPPS))2]
Crystal data: C88 H46 Fe2 N8 O24 S8 þ 2 (C10H16N) þ 6 (C10H16N).

These six BTMAþ molecules were modelled using the solvent mask
detailed in the BYPASS paper [25]. Metallic dark violet, prism. 0.4 �
0.2 � 0.1 mm3, monoclinic, C 1 2/c 1a ¼ 39.5217(17) Å, b ¼
21.2874(9) Å, c ¼ 20.8582 (9) Å; β¼ 96.8804 (17) � from 20 degrees of
data; T ¼ 99.99K; V ¼ 17421.9(13)Å3, Z ¼ 4; Fw ¼ 2286; DC ¼ 0.872
gcm�3; μ ¼ 0.311 mm� 1. Data collection and processing: Bruker D8
Quest ECO diffractometer, PHOTON 50™ CMOS, APEX-III detector, Mo
Kα (λ ¼ 0.71073 Å), graphite monochromator; -47 � h � 46, -25 � k �
25, -24 � l � 24,150049reflections collected, 15564independent re-
flections (RINT ¼ 0.0652). For data collection, cell refinement and data
reduction Apex3 software was used. Absorption correction was made by
multi-scan. Solution and refinement: The structure was solved by
direct methods with SHELXT. Full-matrix least-squares refinement
based on F2 with SHELXL; 893 parameters with 114 restraints, final R1
¼ 0.0619 (based on F2) for data with I > 2 σ (I) and R1 ¼ 0.0850on
15564 reflections, goodness-of-fit on F2 ¼ 1.066, largest electron den-
sity peak ¼ 0.433 e Å� 3.

In this case, a solvent mask had to be applied using the SQUEEZE
algorithm in Olex2, as previously performed with [CoII(TPPS)]3─

[8]. In this case, 1898 electrons were found in a volume of 8301 Å3

in 1 void per unit cell. This is consistent with the presence of 3
[C10NH16] per asymmetric unit which account for 1992 electrons
per unit cell.

4.4. Visualization of structural parameters

4.4.1. (BTMA)2Mg[FeII(TPPS) (NO�)]
A schematic representation of some relevant structural parameters of

(BTMA)2Mg[FeII(TPPS) (NO�)] can be found in Figure 12.



Figure 12. Visualization of calculated structural parameters of (BTMA)2Mg[FeII(TPPS) (NO�)].
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4.4.2. (BTMA)8[μ-O-(FeIII(TPPS))2]
A schematic representation of some relevant structural parameters of

(BTMA)8[μ-O-(FeIII(TPPS))2] can be found in Figure 13.
Figure 13. Visualization of characteristic structural parameters found in oxo-
dimeric porhyrin species.
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