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ABSTRACT: DFT calculations were performed for triphenyltin(1V) 5-chlorosalicylate (1) in gas
phase using Firefly QC package. Quantum mechanical calculations demonstrate that both the
carboxylate oxygens of the ligand are connected with tin(IV) center in a bidentate fashion in 1. The
phenyl group of the precursor ligand and the COOSn moiety are coplanar. The calculated E, yvo and
Enomo Values describe comparative electron accepting and donating abilities. The structural features of
the complex 1 were compared with the solid state single crystal XRD findings of the reported
triphenyltin(IV) benzoates 2-7. A direct relation was found between the Sn-O2 bond length and A,
o2)-(sn-o1). lonization potential, electron affinity, electrophilicity, chemical potential, global hardness and
global softness values were also calculated for the complex 1.
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INTRODUCTION

Organotin(1V) derivatives are famous for their
numerous structural diversities which can be owed to the
flexibility in coordination modes (bidentate or
monodentate) of the bonded ligands, variations in the
coordination numbers and geometries. The
triorganotin(lV) products mostly exhibit trigonal
bipyramidal or tetrahedral structural arrangements, while
diorganotin(lIVV) complexes have numerous coordination
numbers and geometries (Abbas et al., 2013). They may
exist in the form of polymers, oligomers, tetramers,
dimers or monomers (Hussain et al., 2013). Tin(IVV) may
change its coordination mode depending upon the
difference of electronegativity of the -COO- moiety with
the remaining ligand skeleton, nature of solvent, the
concentration of solution and the size of organic group
bonded with tin(IV) (Vollano et al., 1984). The major
structural differences in organotin(IVV) complexes occur
due to the high coordination ability of tin, especially due
its involvement in either strong or weak inter- or
intramolecular coordination (Gielen, 2008).

In the past few decades, there had been a greater
role of Density Functional Theory (DFT) in the
illustration of numerous structural features of organotin
compounds. In fact, this theory has revolutionized the
quantum chemistry and has offered a computational
technique to interpret electron correlation in a better way
as compared to the conventional methods (Geerlings et
al., 2003). This theory had been successfully applied to
validate the organotin structures proposed on the basis of
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spectroscopic analyses (Dubey et al., 2019). Numerous
studies have successfully explained the complex
formation, bonding behavior and various structural
features of coordinated products by DFT (Dias et al.,
2017; Hussain et al., 2012; Hussain et al., 2015; Nitsch et
al., 2017; Shujah et al., 2018).

This study aims at application of density
functional theory (DFT) to elucidate the structure of
triphenyltin(1V) 5-chlorosalicylate. The results obtained
from the quantum mechanical calculations were
compared with those of the reported triphenyltin(IV)
benzoates.

MATERIALS AND METHODS

The investigated compound triphenyltin(1V) 5-
chlorosalicylate (1) can by prepared by stirring together
the equimolar quantities of potassium hydroxide and 5-
chloro-2-hydroxybenzoic acid for one hour in 50 mi
methanol (50 mL) followed by equimolar addition of
PhsSnCl (1 mmol) and then stirring at room temperature
for 5 h. The reaction mixture is filtered and the solid
product is obtained by evaporation of filtrate and then
crystallization in methanol and petroleum ether (2:1)
(Hussain et al., 2015).

DFT calculations for triphenyltin(lV) 5-
chlorosalicylate (1) were performed in gas phase using
Firefly QC package (Granovsky, 2012), which is partially
based on the GAMESS (US) (Schmidt et al., 1993)
source code using the BLYP exchange-correlation
functional, with the 3-21G basis set. Absence of
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imaginary frequencies was checked to confirm the global (4), triphenyltin(1V) 4-chloorobenzoate (5),
minimum. The structural features of the complex 1 were triphenyltin(1V) 2-hydroxybenzoate (6) and
compared with the solid state single crystal XRD findings triphenyltin(1V) 2-chlorobenzoate (7). The individual
of the reported triphenyltin(1V) benzoates which include structures of the complexes 1-7 have been displayed in
triphenyltin(IV)  benzoate (2), triphenyltin(lV) 2- Scheme 1.
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Scheme 1. Structures of the complexes 1-7
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DFT calculations were performed for
triphenyltin(1VV) 5-chlorosalicylate in gas phase using
Firefly QC package. The structural features of the
investigated complex 1 were compared with those of
similar triphenyltin(1VV) carboxylates reported earlier 2-7
(Hussain et al., 2016; Smith et al., 1995; Swisher et al.,
1984; Vollano et al., 1984).

In the geometry optimized structure of
triphenyltin(IV) 5-chlorosalicylate 1 (Figure 1), both the
oxygen atoms of the substituted carboxylic acid develop a
linkage to the tin atom in a bidentate manner. Bidentate
linkage of the carboxylate ligands with organotin(IV)
moieties is common as reported earlier (Mariam et al.,
2018; Sirajuddin et al., 2019; Sirajuddin et al., 2014). It
has also been reported that the geometries of triphenyltin

esters of salicylic acids mostly vary from tetrhedron
(monodentate behavior of carboxylate ligand) to trigonal
bipyramidal (bidentate behavior of carboxylate ligand)
(Hussain et al., 2015). In addition to the bidentate linkage
of the central tin atom with carboxylate ligand in
coordinated product 1, the other three positions on tin are
occupied by the phenyl ligands. The Sn-C (2.18 A, 2.17
A, 2.17 A) and tin-oxgyen (2.60 A, 2.13 A) bonds are
typical for similarly reported complexes (Shahzadi & Ali,
2008); the two C-O bond lengths (C-O1 and C-O2) are
also non-equivalent (C-O1 = 1.36 A and C-02 = 1.28 A).
Table 1 shows the comparison of the bond length (Sn-O
and C-O) data of the compound 1 with those of
triphenyltin(1V) benzoates 2-7.

Table 1. Comparison of the bond length (A) data of complex 1 with those of complexes 2-7.

Comp. No. Sn-0O1 Sn-02 A(sn-02)-(5n-01) C-01 C-02 Reference

1 2.13 2.60 0.47 1.36 1.28 -

2 2.074 2.695 0.621 1.313 1.222 (Smith et al., 1995)
3 2.054 2.781 0.727 1.321 1.214 (Vollano et al., 1984)
4 2.043 2.823 0.78 1.310 1.237 (Swisher et al., 1984)
5 2.048 2.861 0.813 1.304 1.216 (Smith et al., 1995)
6 2.083 3.071 0.988 1.301 1.232 (Vollano et al., 1984)
7 2.201 3.649 1.448 1.261 1.250 (Smith et al., 1995)

The O1 and O2 represent the hydroxyl oxygen
and the carbonyl oxygen, respectively of the carboxylate
group of the coordinated ligand precursor. In
organotin(IV) carboxylates, the hydroxyl oxygen of -
COOH group is more strongly bonded with tin (reflected
from smaller Sn-O1 bond distance) as compared to the
carbonyl oxygen (indicated by larger Sn-O2 bond
length); more closer the values of Sn-O1 and Sn-O2 bond
lengths; more the uniform behavior of both the oxygen
atoms (O1 and O2) and hence the bidentate chelation.
The non-participation of phenolic -OH in complexation
with the metal can be rendered to the presence of -ClI
group at para position in 5-chlorosalicylic acid (ligand
precursor); the chloro-group due to its electron donating
resonance effect increases the electron density at
phenolic-OH (para position) as a result the phenolic
hydroxyl group is failed to deprotonate and thus remains
non-coordinated. However, there may be the chances of
interamolecular hydrogen between phenolic -OH and
adjacent carbonyl group of -COOH which was also
depicted by single crystal XRD structure of a similarly
reported compound namely dibutyltin(IVV) bis(5-
chlorosalicylate) formed with the same ligand. Such kind
of bonding is common in many organotin(1V) derivatives
of the salicylic acids (Hussain et al., 2015).

A closer look at Table 2 clarifies that there is a
direct relation between the values of Sn-O2 bond length
and Agsn.o2)-(sn-01)- 1N the investigated triphenyltin(I1V)
benzoates, the Sn-O2 bond length is increased in the

following order: 1<2<3<4<5<6<7, the value of A0z
(sn-01) 1S also increased in the same order (from complex 1
to 7). Consequently the bidentate chelation mode is
varied in the reverse order; it is lowered with the increase
of Asn-02)-(sn-o1) Value in going from the complex 1 to 7.
In case of triphenyltin(IVV) 5-chlorosalicylate (1), the Asp.
o2snon Value is the lowest (2.60-2.13 = 0.47 A) as
compared to all other triphenyltin(IV) benzoates 2-7
(Table 1). The reason is the simultaneous electron
donating resonance effect of both the chloride and
hydroxyl groups which increase the electron density at
aromatic nucleus. It results in shifting of some electronic
charge towards carboxylate ion, which enables both the
carbonyl and hydroxyl oxygen atoms to develop a
coordination linkage with the tin(IV) ion; thus a bidentate
coordination mode is supported in this case. The
investigated complex 1 demonstrates the highest
bidentate chelation mode among all the complexes. When
we move from  triphenyltin(lV)  5-chloro-2-
hydroxybenzoate (1) to triphenyltin(1V) benzoate (2), the
Sn-02 bond length is comparatively increased (2.695 A)
to a some extent with a consequent decrease of Sn-O1
bond length (2.074 A); the overall result is that the As,.
o2)-(sn-01) Of 2 is increased to 0.621 A (2.695-2.074) as
compared to the complex 1. In contrast to the complexes
1 (tri-substituted phenyl group of the ligand) and 2 (un-
substituted phenyl group of the ligand), the phenyl
nucleus of the ligand is di-substituted (one substituent is
the carboxylate group and the other is 4-chlooro/2-
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chloro/2-amino/2-hydroxy/2-methoxy) in complexes 3-7;
it results in an increase of Sn-O2 and A(sn.02)-(sn-01) Values
and hence the monodentate behavior. The compound 7
displays the longest Sn-02 bond length (3.649 A) among
all the triphenyltin(IV) benzoates (1-7) and consequently
it demonstrates the highest Asn.02)-(sn-01) Value. In all the
triphenyltin(1V) derivatives (1-7), the shorter tin-oxygen
bond (Sn-O1) is associated with longer carbon-oxygen
bond length (C-O1) and vice versa (Sn-O2 longer and C-
02 shorter) according to early reported literature
(Hussain et al., 2016). An overview of the above Table 1
clarifies that the Sn—-O1 bond distances (2.043-2.201 A)
are very close to covalent radii (2.13 A) which indicates
the covalent bonding in the Sn—O1. However, the Sn—-02
bond lengths (2.60-3.649 A) are significantly lower than
the sum of the van der Waal’s radii (3.68 A) and higher
than the covalent radii (2.13 A), demonstrating the
coordinate covalent bonding in Sn—02 linkage (Hussain
et al., 2016).

The calculated LUMO and HOMO orbitals of
the molecules 1 are displayed in Figure 2 (a-c). Notice
that both the HOMO and LUMO orbitals lie primarily on
phenyl group attached to the carboxylate ligands. The
calculated LUMO and HOMO energies are displayed in
Table 2. It has been well established that a small HOMO-
LUMO gap indicates an unstable molecule with high
chemical reactivity whereas a large HOMO-LUMO gap

Table 2. Computed Molecular Descriptors by DFT.

demonstrates a stable molecule with low chemical
reactivity. The value of E_ywo displays the ability of a
molecule to accept electrons (-electron affinity) whereas
its ability to donate electrons (-ionization potential) is
reflected by Enomo. The calculated E,ymo and Epomo
values (Table 2) describe comparative electron accepting
and donating abilities of the investigated molecule 1.
Table 2 also displays the calculated global softness values
(S=1/2n) (Yang & Parr, 1985), global hardness (n = I-
AJ2) values (Parr & Pearson, 1983), chemical potential
values L (1+A)/2 (Parr et al., 1978) and
electrophilicity values (o = p%/2n) (Parr et al., 1999).

In compound 1, the COOSn and the phenyl
group (of ligand) are coplanar (inter planar angle is only
0.63 deg). The two phenyl groups on either side of the
third phenyl group (which is diametrically opposite to the
ligand) are symmetrically placed at 61.5° and 62.5° to the
COO0Sn plane. The O-C-O bond angles are 118.33°
while the O-Sn-O bond angles are 56.2°. The computed
partial charges (mulliken) of the atoms in the investigated
molecule 1 show that the tin atom bears positive charges
while the coordinating oxygen atoms have negative
charges (Figure 3). The molecular electrostatic potential
map shows the presence of more electron density on the
oxygen atom (Figure 4). The direction of computed
dipole moment (3.29 D) is shown in (Figure 5).

HOMO energy (eV) -5.5211

LUMO energy(eV) -2.2311
HOMO-LUMO (eV) 3.29
Global Hardness (1, eV) 1.645

Global Softness (S, eV™) 0.3039

Chemical Potential (y, eV) -3.8761
Electrophilicity (@, eV) 4.5666
Dipole Moment (Debye) 3.29

Figure-1. Geometry optimized structure of complex 1 (DFT 3-21G).
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Figure-2. (a) HOMO orbital of 1 (DFT 3-21 G)  (b) LUMO orbital of 1 (DFT 3-21 G)  (c) Energy level
diagram of molecular orbitals of 1 (DFT 3-21 G).
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Figure 3. Charge description in the molecules.

Figure 4. Molecular electrostatic surface potential mapped on total electron density map for the complex (red
negative, green neutral, blue positive) (DFT 3-21G).
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Figure 5. Dipole of complex (3-21G).

Conclusions: DFT calculations of triphenyltin(IV) 5-
chlorosalicylate demonstrate that both carboxylic
oxygens are linked with the triphenyltin(IV) moiety in a
bidentate fashion. A direct relation was found between
the values of Sn-O2 bond length and Asn.02)-sn-01); the
Sn-02 bond length was found to increase
(1<2<3<4<5<6<7) with the corresponding rise of A(sn.02)-
en-o1) value. The calculated E ymo and Enomo Values
describe comparative electron accepting and donating
abilities of the investigated molecule 1.
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