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Abstract: The treatment of trans-dihydroxo[5,10,15,20-tetrakis(3-pyridyl)porphyrinato]Sn(IV)
or [Sn(OH)2(TPyP)] with 1% nitric acid in a mixture of water and acetone resulted in the
formation of an ionic complex 1 [Sn(OH)2(TPyHP)](NO3)4. Complex 1 was fully characterized
by 1H NMR spectroscopy, elemental analysis, UV-vis spectroscopy, powder X-ray diffraction,
fluorescence spectroscopy, FT-IR spectroscopy, and single-crystal X-ray crystallography. X-ray
crystallographic analysis confirmed that each peripheral pyridyl N atom is protonated to
form tetra-cationic species {Sn(OH)2(TPyHP)}4+ stabilized by four NO3

− counter anions.
Intermolecular hydrogen bonding interaction between axial hydroxo ligands leads to the
formation of a 1D porphyrin array. Nitrate anions also involve hydrogen bonding interactions
with axial hydroxo ligands and the peripheral pyridinium groups.

Keywords: Sn(IV) porphyrin; ionic complex; supramolecular assembly; hydrogen bonding

1. Introduction
In recent years, pyridyl-functionalized free-base and metalloporphyrins have been

extensively used to fabricate metal–organic frameworks [1], multiporphyrin arrays [2],
nanostructures [3], and coordination polymers [4]. Introducing pyridyl-functional groups
onto the peripheral positions of porphyrin moieties enables them to react with several
transition metal ion connectors and fabricate hybrid organic−inorganic coordination frame-
works of varying porosity and topology. Various noncovalent intermolecular interactions
such as hydrogen bonding, metal–ligand coordination, and π-π stacking have been pri-
marily responsible for the self-assembly of porphyrins. Researchers have recognized these
supramolecular architectures due to their tunable coordination characteristics and attrac-
tive optical and electronic properties. Moreover, these compounds have been used in
various important applications such as H2 generation [5], CO2 reduction [6], solar en-
ergy conversion [7], gas separation and storage [8], photodynamic therapy [9], chemical
sensor [10], catalysis [11], and water treatments [12]. Among the pyridyl-functionalized
metalloporphyrins, Sn(IV)-porphyrin is an important building block for fabricating self-
assembled supramolecular architectures [13–17], because its axial positions strongly em-
brace oxyanion ligands [18–21].

Among the several supramolecular architectures, ionic self-assemblies are achieved
through strong electrostatic interactions from the combination of structurally different
ionic species with opposite charges [22–25]. Previously, Kim et al. reported several
pyridyl-functionalized octahedral Sn(IV)porphyrin-based ionic self-assemblies to fabri-
cate photofunctional nanomaterials [26–28]. Herein, we report an ionic complex derived
from the treatment of trans-dihydroxo [5,10,15,20-tetrakis(3-pyridyl)porphyrinato]Sn(IV),
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[Sn(OH)2(TPyP)], with 1% aqueous nitric acid solution. X-ray crystal structure disclosed
that intermolecular hydrogen bonding is responsible for the self-assembly of the ionic
tin(IV)porphyrin complex. This report could provide new insight for developing porphyrin-
based ionic self-assembled supramolecular architectures.

2. Results and Discussion
2.1. Synthesis

An ionic tin(IV) porphyrin complex [Sn(OH)2(TPyHP)](NO3)4 (1) was prepared
from the treatment of trans-dihydroxo[5,10,15,20-tetrakis(3-pyridyl)porphyrinato]Sn(IV)
or [Sn(OH)2(TPyP)] with 1% aqueous solution of nitric acid, followed by crystallization
with the addition of acetone [26] (Scheme 1). Complex 1 was fully characterized using
elemental analysis, FT-IR spectroscopy, UV-vis spectroscopy, fluorescence spectroscopy,
powder X-ray diffraction, 1H NMR spectroscopy, and single-crystal X-ray crystallography.

Scheme 1. Synthetic procedure of ionic Sn(IV)porphyrin complex 1.

2.2. X-Ray Crystal Structure Determination

Plate-shaped wine-colored single crystals of complex 1 were obtained through the
slow diffusion of acetone into an aqueous HNO3 solution (1%) of [Sn(OH)2(TPyP)] within
7 days. All crystallographic refinement parameters and structural data are summarized in
Table S1. Specific bond lengths and bond angles are given in Table S2.

The X-ray crystal structure of 1 revealed that two symmetrically non-equivalent
units of caionic Sn(IV)-porphyrin are present per unit cell. The molecular structure of
one of them is given in Figure 1. Each Sn(IV) center was octahedrally six-coordinated.
The equatorial plane was occupied by four N atoms of the porphyrin ring. On the
other hand, the axial positions were connected by the O atoms of the two hydroxo
ligands. All the peripheral pyridyl N atoms are protonated to generate tetra-cationic
Sn(IV)porphyrin species [Sn(OH)2(TPyHP)]4+. The overall tetra-cationic charge was bal-
anced by four nitrate (NO3

−) counter-anions. It is interesting to note that the treat-
ment of trans-dihydroxo[5,10,15,20-tetrakis(4-pyridyl)porphyrinato]Sn(IV) with a 1% ni-
tric acid aqueous solution led to the generation of a hexa-cationic [Sn(OH2)2TPyHP]6+

species held by six NO3
− counter-anions [26]. In another comparison, the HSO4

− and
H2PO4

− moieties were found to be coordinated to the Sn(IV) center of [5,10,15,20-tetrakis
(4-pyridinium)porphyrinato]tin(IV) complex in the H2SO4 [28] and H3PO4 [12] treatments,
respectively. In the case of the first molecule, the axial bond lengths of Sn1-O were found to
be 2.091(8) Å. The two equivalent Sn1–N bonds were measured to have lengths of 2.088(9)
and 2.105(9) Å. Therefore, the average bond length was calculated to be 2.097 Å and was
slightly longer than that found for the [Sn(OH2)2TPyHP]6+ species (2.083 Å) [26]. On the
other hand, in the case of the second molecule, the axial Sn2-O bonds were found to be
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2.095(7) Å. The two equivalent Sn2–N bonds were measured to have lengths of 2.090(9) and
2.081(9) Å. Therefore, the average bond length was found to be 2.085 Å for Sn2–N bonds.

Figure 1. One of the molecular structures of tetra-cationic Sn(IV)porphyrin species {Sn(OH)2(TPyHP)}4+

in 1. Counter nitrate anions are omitted for clarity.

As depicted in Figure 2, the axial hydroxyl group in one Sn(IV)porphyrin was hydro-
gen bonded to the oxygen atom of an adjacent Sn(IV)porphyrin framework. The distances
from the axial O atom of the hydroxo ligand to the hydrogen-bonded hydroxo ligand in
the adjacent Sn(IV)porphyrin moiety were measured to be 1.70 Å (O2···H1) and 2.54 Å
(O2···N1), with the O2···H1–O1 angle measured to be 166.9◦.

Figure 2. Selected hydrogen bonds in 1 and indicated by dotted green lines along the crystallographic
c-axis.

Counter nitrate anions were not only electrostatically held by cationic Sn(IV)porphyrin
but also by H-bonding. In one case, NO3

− ions were hydrogen bonded with the axial
hydroxo group. The distances were found to be 2.32 Å (O10···H2a) and 3.16 Å (O10···O2),
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with the O2···H2a–O10 angle determined to be 175.9◦. In another case, NO3
− ions were

hydrogen bonded with the peripheral cationic pyridinium group. The distances were
measured to be 1.93 Å (O13···H6) and 2.75 Å (O13···N6), with the N6···H6–O13 angle
determined to be 159.5◦. Thus, the Sn(IV)porphyrin building blocks were supramolecularly
assembled in one-dimensional (1D) frameworks via hydrogen bonding interaction in
the crystal structure of 1. Figures 3 and 4 show a 1D Sn(IV)porphyrin array along the
crystallographic b- and c-axis, respectively.

Figure 3. Perspective view of the Sn(IV)porphyrin arrays in 1 along the b-axis.

Figure 4. Space-filling representation depicting the regular 1D framework of 1 along the crystallo-
graphic b-axis. The nitrate anions and hydrogen atoms are excluded for clarity.

2.3. Spectroscopic Characterization

The 1H NMR spectrum of 1 in DMSO-d6 (Figure S1) reveals that the pyridyl protons
(2-position) and β-pyrrolic protons resonate as a multiplet at the range from 9.68 ppm to
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9.84 ppm. The pyridine protons appear as a singlet at 9.37 ppm (6-position), a singlet at
9.10 ppm (4-position), and another singlet at 8.29 (5-position). In comparison with the
1H NMR spectrum of [Sn(OH)2(TPyP)], pyridyl protons (2-position) appeared as a sin-
glet at 9.43 ppm, a doublet at 9.13 ppm (6-position), a singlet at 8.71 ppm (4-position),
and a multiplet at 7.99 ppm (5-position), and β-pyrrolic protons appeared as a singlet at
9.10 ppm [29]. Elemental analysis data (C, H, and N) for 1 also support the molecular
derived from the crystal structure analysis.

Solution phase optical characteristics of 1 were observed in water. The UV-visible
absorption spectrum shows a sharp Soret absorption band at 416 nm, with Q bands at 512,
551, and 589 nm (Figure S2). Compared with [Sn(OH)2(TPyP)], these peaks appeared at
415, 513, 552, and 590 nm, respectively. The UV-visible absorption spectrum of complex 1 is
almost identical to that of [Sn(OH)2(TPyP)]. The fluorescence spectrum of 1 in water are
depicted in Figure S3. Complex 1 displays emission bands at 610 and 665 nm. In comparison
with the fluorescence spectrum of [Sn(OH)2(TPyP)], these peaks appear at 614 and 664 nm.
The fluorescence intensity of 1 is significantly reduced compared to [Sn(OH)2(TPyP)]. We
also observe that 1 retains its crystallinity and framework, as evidenced by the powder
XRD patterns displayed in Figure S4. The FT-IR spectrum of 1 is shown in Figure S5. The
characteristic band for N−O stretching at 1310 cm−1 supports the presence of nitrate anions
in 1.

3. Materials and Methods
Trans-dihydroxo[5,10,15,20-tetrakis(3-pyridyl)porphyrinato]tin(IV) or [Sn(OH)2(TPyP)]

was synthesized using the previously reported procedure [29]. NMR spectra were recorded
on a Bruker BIOSPIN/AVANCE III 400 spectrometer at 293 K (Bruker BioSpin GmbH, Silber-
streifen, Rheinstetten, Germany). Elemental analyses were carried out on a ThermoQuest
EA 1110 analyzer (Thermo Fisher Scientific, Waltham, MA, USA). UV-Vis absorption spectra
were recorded in a Shimadzu UV-3600 spectrophotometer (Shimadzu, Tokyo, Japan). Fluo-
rescence spectra were recorded in a Shimadzu RF-5301PC fluorescence spectrophotometer
(Shimadzu, Tokyo, Japan). Powder X-ray diffractometry (XRD) spectra were recorded on a
Bruker AXS D8 Advance powder X-ray diffractometer (Bruker, Billerica, MA, USA). FT-IR
spectra in KBr pellets (4500 to 500 cm−1) were recorded using a Shimadzu FTIR-8400S
spectrophotometer (Shimadzu, Tokyo, Japan).

3.1. Preparation of trans-Dihydroxo[5,10,15,20-tetrakis(3-pyridinium)porphyrinato]tin(IV)
Tetranitrate (1)

[Sn(OH)2(TPyP)] (0.192 g, 0.25 mmol) was added in 3 mL of an aqueous solution
of HNO3 (1%). Acetone (40 mL) was layered over the above aqueous solution for slow
diffusion and kept for 7 days in the dark. The plate-shaped wine-colored crystals were
filtered and washed with acetone (5 mL), yielding 0.210 g (82%). 1H NMR (400 MHz,
DMSO-d6) δ 9.68–9.84 (m, 12H, β-pyrrole + H2-Py), 9.37 (s, 4H, H6-Py), 9.10 (s, 4H, H4-Py),
8.29 (s, 4H, H5-Py). UV–vis (H2O, nm): λmax (log ε) 416(4.59), 512(2.48), 551(3.26), 589(2.68).
Emission (H2O, λnm) 610 nm and 665 nm. Anal. Calcd. for C40H30N12O14Sn: C, 47.03; H,
2.96; N, 16.46. Found: C, 46.86; H, 3.12; N, 16.34.

3.2. X-Ray Crystal Structure Determination

Crystals from the mother liquor were immersed in Paratone-N hydrocarbon oil on
glass fiber, then selected under a microscope, and mounted on the diffractometer at
173 K. The data were collected on a Bruker APEX-II CCD diffractometer (Bruker, Bil-
lerica, MA, USA) equipped with a graphite monochromator and Mo-Kα (λ = 0.71073 Å)
radiation. The structures were solved by direct methods in SHELXS and refined by full-
matrix least-squares on F2 in the SHELXL program (Version 6.10) [30,31]. Olex2 program



Molbank 2025, 2025, M2014 6 of 8

package (version 1.5) [32] has been used for the graphical works. H atoms were affixed
in their respective geometric positions. The displacement parameters of the hydrogen
atoms were affixed to be 1.2 times higher than the other atoms to which the hydrogen
atoms were bonded. All non-hydrogen atoms were refined with independent anisotropic
displacement parameters.

4. Conclusions
The treatment of trans-dihydroxo[5,10,15,20-tetrakis(3-pyridyl)porphyrinato]Sn(IV)

or [Sn(OH)2(TPyP)] with 1% nitric acid in a mixture of H2O and acetone leads to the
formation of an ionic complex 1. X-ray single crystallographic analysis confirmed that each
peripheral pyridyl N atom is protonated to form tetra-cationic species {Sn(OH)2(TPyHP)}4+

stabilized by four NO3
− counter anions. Intermolecular hydrogen bonding interaction

between axial hydroxo groups leads to the formation of a 1D porphyrin array. Nitrate
anions also involve hydrogen bonding interactions with axial hydroxo groups as well as the
peripheral pyridinium groups. These findings can provide new opportunities to fabricate
Sn(IV)porphyrin-containing ionic complexes for enrichment in the field of supramolecular
chemistry. They also have the potential to be applied as an optical indicator for monitoring
pH changes.

Supplementary Materials: The following are available online: Table S1. Crystallographic data and
structure refinements for 1. Table S2. Selected bond lengths [Å] and angles [o] in 1. Figure S1. 1H
NMR spectrum of 1 in DMSO-d6. Figure S2. UV-Vis spectra of 1 and [Sn(OH)2(TPyP)] in H2O.
Figure S3. Fluorescence spectra of 1 and [Sn(OH)2(TPyP)] in H2O (λext = 550 nm). Figure S4. Powder
XRD pattern of 1. Figure S5. FT-IR spectrum of 1 in KBr pellet.
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