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The molecular geometry, energetics and electro-
nic charge distribution of diorgano- and trior-
gano-tin(IV) complexes of [protoporphyrin-IX]
and [meso-tetra(4-carboxyphenyl)porphine] de-
rivatives were determined at semi-empirical and
ab initio levels. To study the molecular details of
the complexes, simpler molecule models were
calculated by the ab initio pseudo-potential
method. The molecular properties of these
complexes are essentially independent of the
presence of the peripheral tin atoms. Agreement
was always found among the results of the
different computational approaches, as well as
between the theoretical and the experimental
findings on the molecular geometry of the
hypothesized complexes. Interaction modes be-
tween water and the organo-tin systems con-
sidered were affected strongly by the presence of
peripheral tin atoms. Copyright � 2001 John
Wiley & Sons, Ltd.
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A series of papers concerning the synthesis, the
structural characterization and the biological
activity of diorgano- and triorgano-tin(IV) com-
plexes with the peripheral donor groups of [proto-
porphyrin-IX] (H4PPIX),1,2 [meso-tetra(4-carb-
oxyphenyl)porphine] and [meso-tetra(4-sulfonato-
phenyl)porphine], H6TPPC3–5 and H6TPPS,6 have
recently appeared in the literature. These studies
have stimulated further work, still in progress,
on diorgano- and triorgano-tin(IV) complexes
with some derivatives of the ligands above.
These derivatives, [SnCl2–protoporphyrin-IX]
(H2SnCl2PPIX), [SnCl2–meso-tetra(4-carboxyphe-
nyl)porphine] (H4SnCl2TPPC) and [SnCl2–meso-
tetra(4-sulfonatophenyl)porphine] (H4SnCl2TPPS),
differ from H4PPIX, H6TPPC and H6TPPS by
having an SnCl2 group centered perpendicularly to
the porphyrin ring.

Usually, organotin(IV) compounds interact
strongly with biological substrates, very often
giving rise to toxic effects.7 This has to be carefully
considered because, owing to their industrial
applications,8 organotin(IV) compounds are wide-
spread in the environment.9

It has been shown, both by experimental10,11 and/
or computational12 studies, that methyltin(IV)
moieties have a small affinity to the nitrogen bases
with respect to the phosphate groups of DNA.
These latter interactions would not seem able to
induce substantial modifications to the DNA and
hence could not explain the dramatic toxicity of the
tin(IV) moieties. However, it is known that
diorgano- and triorgano-tin(IV) compounds make
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stable complexes with biological ligands13,14 con-
taining oxygen, sulfur and nitrogen donor atoms
and, it is likely that the observed biological activity
of the organotin(IV) compounds could be modu-
lated by the presence of these ligands.

In this paper we attempt to rationalize, by
theoretical computations, experimental findings on
the molecular geometry and energetics of the
complexes between dimethyl- and trimethyl-tin(IV)
moieties with the biologically significant H4PPIX,
H6TPPC, H2SnCl2PPIX and H4SnCl2TPPC li-
gands. A comparison between these species, having
peripheral carboxylic groups, and H6TPPS and
H4SnCl2TPPS species, having peripheral sulfonic
groups, is also performed. The presence of mol-
ecules of water was explicitly taken into considera-
tion, to account for the observed solid-state
structures and to hypothesize possible changes of
these structures in water media.

In the following, we will generally refer to
H4PPIX, H6TPPC, H6TPPS and H2SnCl2PPIX,
H4SnCl2TPPC, H4SnCl2TPPS as porphyrin and
tin–porphyrin ligands respectively.

�� !��"����"#  $�%��&

The SCF semi-empirical PM3 method15,16 and the
LANL2DZ17–19 pseudo-potential method were
employed to obtain geometrical parameters and
Mulliken charge distributions. The LANL2DZ17–19

pseudo-potential method was also used to calculate
electrostatic potential20 maps and to study simpli-
fied model systems. The GAUSSIAN98W pack-
age21 was employed on a PC Pentium III
(600 MHz) to perform the calculations.

The PM3 method was employed to optimize the
geometry of the porphyrin ligands H4PPIX,
H6TPPC, H6TPPS, of the tin–porphyrin ligands
H2SnCl2PPIX, H4SnCl2TPPC, H4SnCl2TPPS, and

of their dimethyl- and trimethyl-tin(IV) complexes.
Owing to the peculiarity of the systems studied (see
below), and to simplify the discussion of the results,
we mainly considered the dimethyl- and trimethyl-
tin(IV) complexes, hydrated or non-hydrated, of
H6TPPC and H4SnCl2TPPC: (Me2Sn)nH6 � nTPPC,
(Me3Sn)nH6 � nTPPC, (Me2Sn)nH4 � nSnCl2TPPC
and (Me3Sn)nH4 � nSnCl2TPPC, n being in the
range 1–4.

Within the notation (Me2Sn) is always included
an HCOO� group, which counterbalances the
residual charge of the dimethyltin(IV) fragment
linked by a carboxylic group to a porphyrin or tin–
porphyrin ligand. Since HCOO� groups mimic
porphyrin molecules, in (Me2Sn)nH6 � nTPPC and
(Me2Sn)nH4 � nSnCl2TPPC species the peripheral
tin atoms of (Me2Sn) fragments represent poly-
merization centers while two porphyrin molecules
are bound to any of them.

To obtain more information on the geometry
and atomic charge of species around the peripheral
tin atoms, the HF/LANL2DZ method was
employed to optimize simplified models of the
(MemSn)nH6 � nTPPC and
(MemSn)nH4 � nSnCl2TPPC systems, m being 2 or
3. Atomic charge distribution was evaluated
through the Mulliken population analysis on the
optimized structures, at the PM3 and LANL2DZ
level. The values of the Mulliken charge on the tin
atoms, qSn, were related to the experimental 119Sn
Mössbauer isomer shift, �, parameters.22
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Optimized structural parameters of porphyrin and
tin–porphyrin ligands are reported in Table 1.
The starting geometrical parameters, when avail-
able,23–25 were taken from X-ray data tables. The
optimized structure of H4SnCl2TPPC is shown in

Table 1 Structural parameters calculated by the PM3 method

H4PPIX H2SnCl2PPIX H6TPPC H4SnCl2TPPC H6TPPS H4SnCl2TPPS

N—N—N—Na (°) 4.2 0.0 3.7 0.0 3.7 0.0
N—Nb (nm) 0.419 0.416 0.413 0.414 0.413 0.417
ClSnCl (°) – 180.0 – 179.7 – 179.7
Cl—Cl (nm) – 0.482 – 0.482 – 0.481

a Dihedral angle defined by the nitrogen atoms in the porphyrin moiety. Experimental (X-ray) values in similar system were 3.8°23

and 0.3°24

b Distance between N(pyrrole)—N(pyrrole) non-neighbor atoms. Analogous experimental (X-ray) parameters in similar systems
were 0.404 nm,23 0.406 nm24 and more significantly for tin compounds 0.421 nm.25
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Scheme 1 as an example of the tin–porphyrin
systems studied here.

Scheme 1

The analysis of Table 1 shows that:

� the tin moiety inserted in the porphyrin center
removes the small folding angle present in the
porphyrin ring;

� the geometry of the tin moieties bound by
different tin porphyrin ligands is not affected
when changing the ligands.

Furthermore, the analysis of the optimized
parameters of the species (Me3Sn)H3SnCl2TPPC,
(Me3Sn)2H2SnCl2TPPC and (Me3Sn)4SnCl2TPPC
showed that, irrespective of the number of periph-
eral tin fragments, the value of the distances
N(pyrrole)—N(pyrrole) (non-neighbor N atoms)
and Cl—Cl are 0.414 nm and 0.482 nm respec-
tively, whereas the value of the dihedral angle
defined by the four nitrogen atoms of the porphyrin
center N—N—N—N is equal to 0 °. This value
shows that the porphyrin plane is not folded by the
introduction of peripheral trimethyltin(IV) frag-
ments. Moreover, since the angle ClSnCl is, in any
of the (Me3Sn)nH4 � nSnCl2TPPC species, equal to
180.0 � 0.3 ° and the ClSnN angles 90.0 � 0.5 °,
the octahedral arrangement of the central tin atom is
not distorted by the peripheral modifications of the
tin–porphyrin ligands.

In Table 2, the angles involved in the arrange-
ment of the peripheral tin atoms determined at the
PM3 level for (Me3Sn)H3SnCl2TPPC and at the
HF/LANL2DZ level for Me3Sn(HCOO) are re-
ported. For the former and the latter species the
same parameters are also reported at the same

levels, when they are coordinated by one water
molecule. The introduction of water molecules,
considered as interacting with the peripheral tin
centers and, therefore, placed in their coordination
sphere, was suggested by experimental findings26

showing up to six molecules of water coordinated to
(Me3Sn)4SnCl2TPPC species in the solid state. The
peripheral tin fragments, hydrated or non-hydrated,
are reported in Scheme 2.

Scheme 2

The coordination distance Sn—O between the
carboxylate oxygen of the HCOO� group and the
tin atom, Sn—Ocarboxy, and the distance between
the tin atom and the oxygen of the water molecule,
Sn—Owater, are reported in Table 2.

The analysis of Table 2 points out the following:

� non-hydrated peripheral tin atoms have a
distorted tetrahedral arrangement. This is
observed at the PM3 level for the peripheral
tin of the (Me3Sn)nH4 � nSnCl2TPPC species
and at the HF/LANL2DZ level for the model
Me3Sn(HCOO) species;

� the distortion of the peripheral tin environment
is increased by the introduction of a coordinat-
ing molecule of water;

� as expected, the distortion due to the introduc-
tion of the water molecules is in the direction of
a trigonal bi-pyramidal (tbp) arrangement. In
fact, the values of the CSnC angles are around
120 °, whereas the OSnO angles (oxygen
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atoms, from the water molecule and the
carboxylate group) are close to 180 ° (not
reported in Table 2);

� both (Me3Sn)nH4 � nSnCl2TPPC and
Me3Sn(HCOO) species show the same beha-
vior when a coordinating water molecule is
included in the system: increasing and decreas-
ing the CSnC and OSnC angles respectively
and leaving almost unchanged the Sn—Ocarboxy
distance;

� Me3Sn(HCOO) species are suitable models of
the interactions occurring by the carboxylate
groups of the tin porphyrin ligands with
trimethyltin(IV) moieties;

� the PM3 method, for the systems reported,
reaches conclusions in qualitative agreement
with the HF/LANL2DZ method.

In Scheme 2 the optimized (HF/LANL2DZ)
adduct between the species Me3Sn(HCOO) and
HCOOH is also reported. Formic acid molecules
were employed like models of
(Me3Sn)nH4 � nSnCl2TPPC species; hence they
mimicked polymerization branches occurring via
Sn—O interactions. The formic acid molecule
induced in the Me3Sn(HCOO) species a distortion
similar to that produced by the water molecules.
However, the Sn—O distance between the tin and
the HCOOH oxygen atom was 30% longer than the
already discussed Sn—Owater distance (Table 2).
So, we judge as unlikely polymerization occurring
via peripheral tin atoms of both
(Me3Sn)4SnCl2TPPC and (Me3Sn)4H2TPPC com-
plexes, because it would involve a large steric
hindrance and a non-favorable Sn—O interaction
distance.

The study of the species (Me3Sn)nH6 � nTPPC
allows one to understand the mutual effects
between the tin atoms of the porphyrin ring and
the peripheral fragments. The OSnC and CSnC
angles, and the Sn—Ocarboxy distance of the
latter in the (Me3Sn)nH6 � nTPPC species for a
given n, were identical to those of
(Me3Sn)nH4 � nSnCl2TPPC species. Moreover, the
N—N—N—N dihedral angle and the N(pyrrole)—
N(pyrrole) distance in the porphyrin ring of the
(Me3Sn)nH6 � nTPPC and of the H6TPPC species
were almost unchanged. Therefore, the character-
istics of the peripheral tin atoms in these porphyrin
and tin–porphyrin derivatives, as observed experi-
mentally,26 do not affect the structure of the
porphyrin ring whether complexed or not with the
SnCl2 moiety.

We studied the peripheral fragments of

(Me2Sn)nH4 � nSnCl2TPPC by considering the
Me2Sn(HCOO)2 species. As before, the HCOOH
and HCOO� groups were introduced to mimic
porphyrin species. In Scheme 3 the optimized (HF/
LANL2DZ) geometry of Me2Sn(HCOO)2 (CI) and
Me2Sn(HCOO)2�HCOOH (CII, CIII) species are
reported.

Scheme 3

The CII is 34.9 kJ mol�1 less stable than the CIII
isomer. The coordination energy, determined by
considering the counter-poise correction because of
the basis set superposition error (BSSE),27 between
the tetrahedral Me2Sn(HCOO)2 and the molecule of
formic acid involved in forming the less stable CII
conformer was 16.4 kJ mol�1. Therefore, in the
presence of formic acid molecules, a distorted tbp
geometry, typical of the CII and CIII conformers, is
energetically more stable than a tetrahedral geo-
metry. This could also suggest that the tin atoms of
the peripheral dimethyltin(IV) fragments in the
porphyrin and tin–porphyrin complexes should act
as a multi-polymerization center. Indeed, in this
case, since porphyrins cannot act as bidentate
ligands (minimum distance between the oxygen
atoms of the two carboxylic groups was �1.4 nm),
the CII and CIII models mimic polymerization
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processes occurring by the involvement of three
porphyrin units per tin atom.

Another possible cause of distortion in the
tetrahedral arrangement of Me2Sn(HCOO)2 could
be the presence of water molecules embodied in the
structure of the peripheral dimethyltin(IV) frag-
ments.26 Scheme 4 shows the structures of the
hydrated Me2Sn(HCOO)2 species optimized at the
HF/LANL2DZ level.

Scheme 4

C1 is energetically more stable (29 kJ mol�1)
than the C2 and C3 conformers. In all of the three
species, the two HCOO� groups lie together with
the tin atom and the water molecule on the same
plane. We believe that the formation of hydrogen
bonding between the hydrogen atoms of the
molecule of water and the oxygen atoms of the
HCOO—Sn(IV) fragments could determine the

observed energetic stability of the conformers. The
coordination energy �E, between the tetrahedral
species CI and one water molecule involved to
arrange the most stable C1 conformer, was
calculated by considering the BSSE27 correction.
The value �E = �105.7 kJ mol�1 shows that, in the
presence of water, the tbp geometry of the C1–C3
conformers, and hence of the peripheral dimethyl-
tin(IV) moieties of the porphyrin and tin–porphyrin
complexes, is energetically more stable than the
tetrahedral geometry. The �E value also shows that
the hydrated C1–C3 species are energetically more
stable than the CII and CIII conformers. Therefore,
taking into account the unfavorable steric hindrance
effects certainly present in systems where three
porphyrin units are placed close to one another, we
think that only the hydrated peripheral tin atoms,
i.e. the C1–C3 arrangements, act as polymerization
centers in dimethyltin(IV) complexes of porphyrin
and tin–porphyrin ligands.

Hydrated and non-hydrated
(Me2Sn)nH4 � nSnCl2TPPC species were optimized
at the PM3 level. Porphyrin centers of
(Me2Sn)nH4 � nSnCl2TPPC,
(Me3Sn)nH4 � nSnCl2TPPC and of H4SnCl2TPPC
species showed identical geometric characteristics.
Therefore, the Me2Sn(IV) peripheral moieties (as
already observed for Me3Sn(IV)) do not induce
geometrical changes in the octahedral tin com-
plexed by the four N(pyrrole) atoms of the
porphyrin ring.

The structural parameters of the conformer C1
and of the hydrated and non-hydrated
(Me2Sn)4SnCl2TPPC complex are reported in
Table 3.

In Tables 4a and b are reported the Mulliken
charges, determined at HF/LANL2DZ and PM3
levels, of selected atoms of dimethyl- and tri-
methyl-tin(IV) complexes and models of the
porphyrin and tin-porphyrin ligands. Tables 4a
and b show the following:

� identical values of the atomic charge are
obtained for homologous atoms in the com-
plexes and models;

� a slight difference between the charge of the
peripheral and the pyrrolic tin is observed.
There is also a small difference in the tin
charge of the dimethyl- and the trimethyl-
tin(IV) fragments, and in the peripheral tin,
whether coordinated or not with molecules of
water;

� effects on the nitrogen pyrrolic atoms caused
by the presence of different peripheral tin and/

Copyright � 2001 John Wiley & Sons, Ltd. Appl. Organometal. Chem. 2001; 15: 581–592

586 D. Duca et al.



or coordinating groups, carboxylic or sulfonic,
are not observed. Therefore, there is no
reciprocal influence between peripheral and
pyrrolic tin atoms;

� increasing negative charge is observed on
pyrrolic nitrogen and carboxylic oxygen atoms
that are coordinated to tin atoms;

� increasing positive charge on the tin peripheral
center is observed with its coordination num-
ber.

Since analogous results are obtained when
dimethyl- and trimethyl-tin(IV) complexes of the
H4PPIX an H2SnCl2PPIX ligands are considered,
for the systems discussed the peripheral carboxylic
groups have a behavior that can be considered as
not depending on the porphyrin units.

It is possible to correlate the calculated Mulliken
charge on the tin atoms, qSn, with the experimental
119Sn Mössbauer isomer shift, �, parameter.26,28

The values of such parameters are related to the
electron density on the tin atoms and show an
inverse trend with their atomic charge.22 In the
species studied, for both ligands and complexes the
� values of the tin inserted into the pyrrolic ring are
almost constant and, on average, are equal to
0.22 � 0.04 mm s�1.26,28 Consistently, at the HF/
LANL2DZ level, we found for these atoms a
constant value of the Mulliken charge equal to 1.8
(see Table 4a). On the contrary, � values26,28 of the
peripheral tin atoms of (Me2Sn)4SnCl2TPPC,
(Me2Sn)4H2TPPC, (Me3Sn)4SnCl2TPPC and
(Me3Sn)4H2TPPC species are equal to 1.00 � 0.05
mm s�1, 1.20 � 0.05 mm s�1, 1.25 � 0.05 mm s�1

and 1.33 � 0.05 mm s�1 respectively.
(Me2Sn)4SnCl2TPPC and (Me3Sn)4SnCl2TPPC,

in contrast with the (Me2Sn)4H2TPPC and

(Me3Sn)4H2TPPC species, presented some water
molecules26 in the solid state. It is to be stressed that
experimental findings do not show water molecules
located close to the SnCl2 moiety. In fact, not one of
the tin–porphyrin ligands, H2SnCl2PPIX,
H2SnCl2TPPC or H4SnCl2TPPS, showed water
molecules.26 Therefore, it can be supposed that
water mainly coordinates peripheral tin atoms.

Figure 1 shows the plot of the Mulliken charges
of the tin atoms in the dimethyl- and trimethyl-
tin(IV) fragments versus the experimental �26,28 of

Table 3 Structural parameters of Me2Sn(HCOO)2�H2O,a C1 conformer, and of the hydrated and non-hydrated
(Me2Sn)4SnCl2TPPCb complexes

O1SnC3
c (°) C3SnC7

c (°) OSnOd (°) OHHOe (°)
SnOwater

f

(nm) HOg (nm)

Me2Sn(HCOO)2�H2O (C1) 115.3 129.4 160.3 0.0 0.208 0.171
(Me2Sn)4SnCl2TPPC�4H2O 120.6 121.4 159.7 0.8 0.208 0.172
(Me2Sn)4SnCl2TPPC – 112.6 125.8 – – –

a Calculated at the HF/LANL2DZ level.
b Calculated at the PM3 level.
c See Scheme 4 to individualize elements, their serial numbers and the relative angle.
d Angle OSnO. O are the oxygen coordinating atoms of the carboxylate fragments (see Scheme 4).
e Dihedral angle formed by the two hydrogen atoms of the water molecule and the carboxylic oxygen atoms of the carboxylate
fragments (see Scheme 4).
f Sn—O distance, the oxygen atom O being of the water molecule.
g The shortest HO distance, taken between one hydrogen atom of the water molecule and its closest carboxylate oxygen atom.

Figure 1 Isomer shifts, �, versus tin Mulliken charge, qSn, of
the peripheral tin in dimethyl- and trimethyl-tin(IV) complexes
of porphyrin and tin–porphyrin ligands. A value of qSn = 2.0
was found in Me2Sn(HCOO)2�HCOOH, CII–CIII models, and
Me2Sn(HCOO)2�H2O, C1–C3 models, 1.9 and 1.8 in Me2Sn(H-
COO)2, CI model, and Me3Sn(HCOO)�H2O, and 1.7 in
Me3Sn(HCOO)�HCOOH and Me3Sn(HCOO). Solid line is the
least-squares fit, weighted by the experimental error values, of
data points (�). The error bars are reported taking into account
the experimental error on � and considering an error of 1% on
the values of the calculated qSn.
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the peripheral tin atoms present in the complexes
(Me2Sn)4H2TPPC, (Me3Sn)4H2TPPC,
(Me2Sn)4SnCl2TPPC�4H2O and
(Me3Sn)4SnCl2TPPC�4H2O. In fact, the � value of

Figure 2 H6TPPC ligand: projection onto the pyrrolic (XY)
plane of the electrostatic potential function calculated at the HF/
LANL2DZ level, V. In the gray-scale map the values of V are
increasing with the gray tones. A and B regions are
characterized by negative values of V; minima in the A and B
areas are at �0.025 u.a. and �0.075 u.a. respectively. Iso-
energetic lines in A show V increases of 0.004 u.a. The main
region has positive V values in the range 0–1 u.a.; iso-energetic
lines showing V increases of 0.05 u.a. Circle a locates one
phenyl group of the porphyrin ligand.

Figure 3 H4SnCl2TPPC ligand: projection onto the pyrrolic
(XY) plane of V. Values of V are increasing with the gray tones.
A areas with minima at �0.05 u.a. are characterized by just
negative values of V. In the main region, V ranges between 0
and 1 u.a. values. Iso-energetic lines show V increases of 0.05
u.a. and 0.003 u.a. in the main and A regions respectively.

Figure 4 H6TPPC (i) and H4SnCl2TPPC (ii) ligands: projection on the XZ plane of V. White zone has V values above zero. Minima
have values of �0.075 u.a.; iso-energetic lines show V increases of 0.004 u.a.
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the peripheral tin of the complexes above can be
correlated to the qSn of dimethyl- and trimethyl-
tin(IV) models characterized by analogous tin
environments. The experimental � of the peripheral
tin of the hydrated (Me2Sn)4SnCl2TPPC complex
could be caused by any of the environments of the
C1–C3 models. Because of the energetics of the
C1–C3 species, the value of the experimental �
found for (Me2Sn)4SnCl2TPPC should be mainly
due to the tin atom environment of C1 (point a).
The charge of the tetrahedral tin of Me2Sn(HCOO)2
and Me3Sn(HCOO) models should characterize the
non-hydrated peripheral tin atoms of
(Me2Sn)4H2TPPC and (Me3Sn)4H2TPPC com-
plexes (points b and d respectively), whereas
peripheral tin atoms of the hydrated
(Me3Sn)4SnCl2TPPC26 should have the charge of
Me3Sn(HCOO)�H2O model (point c). The trend
between � and qSn parameters of Fig. 1 has already
been found in other organotin(IV) systems.28,29

Figures 2–7 show representations of the electro-
static potential distribution, V, of the H6TPPC,
H4SnCl2TPPC, (Me3Sn)4SnCl2TPPC and hydrated
and non-hydrated (Me2Sn)4SnCl2TPPC species. In
the figures, the point V(0, 0, 0) is set on the pyrrole
ring center for H6TPPC and on the pyrrole tin atom
for all the other species. The figures show the
projection of V onto the pyrrolic (XY) plane and
onto the plane (XZ) perpendicular to the pyrrolic
plane.

The figures clearly single out:

� the phenyl fragments placed perpendicular to
the projection plane and the pyrrolic center,
e.g. circle a on Fig. 2;

� the tin atoms, peripheral and coordinated to the
pyrrole ring (Figs 3, 5–7).

Some carbon atoms of the coordinating porphyr-
in carboxylate and formate are also shown together
with other carbon atoms of the methyl groups of the
peripheral dimethyl- and trimethyl-tin(IV) frag-
ments. Moreover, H6TPPC (Figs 2 and 4(i)) shows
a negative electrostatic potential area in the pyrrole
center that is drastically modified by the introduc-
tion of the SnCl2 fragment (Figs 3 and 4(ii)).

Figure 4(ii) and 5(ii), in a pictorial way, suggest
that the introduction of peripheral trimethyl-tin(IV)
fragments does not influence the properties of the
central tin atoms. Of course, the same lack of
influence was observed for the hydrated and non-
hydrated dimethyl-tin(IV) fragments. As already
pointed out, the carboxylic groups in the H6TPPC
and H4SnCl2TPPC ligands have very similar
features, (Figs 2 and 3). However, the electrostatic
potential properties of the carboxylic groups are
strongly modified by peripheral tin species (Figs 5–
7), whereas the region showing negative values of
electrostatic potential around the carboxylic groups
are present even after hydration of the peripheral tin
(Figs 6 and 7).

Figure 5 (Me3Sn)4SnCl2TPPC complex. (i) Projection onto the pyrrolic (XY) plane of V. V values, reported in the range 0–1 u.a.,
are increasing with the gray tones; the iso-energetic lines show V increases of 0.05 u.a. (ii) Projection onto the XZ plane of V.
Minimum is at �0.075 u.a.; the iso-energetic lines show V increases of 0.004 u.a.; white zone has V values above zero.
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As a consequence of this, the species represented
in Figs 2–7 can interact with polar units, such as
water, hence suggesting the possibility of existence
of the same species in water media.

����#�&���&

This work shows that theoretical and experimental
data for the systems studied are in good agreement,
hence allowing confidence in the derivation of
results not achievable by experiments. Relevant
findings are obtained on the systems studied by
timely inexpensive semi-empirical methods and
deeper information can be carried out at the ab
initio level by simpler model systems.

In detail, our study mainly suggests that:

� the molecular properties (geometry, energetics
and atomic charges) of the tin–porphyrin
complex are not affected by the presence of
peripheral tin atoms coordinated to the tin–
porphyrin moieties;

� polymerization processes could likely occur in
the diorganotin(IV) complexes of the porphyr-
in and tin–porphyrin ligands through the

peripheral tin atoms acting as the polymeriza-
tion centers;

� the presence of molecules of water gives rise to
different interaction modes between these
molecules and the peripheral tin atoms.
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