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ABSTRACT 
Benzyl chloride and tin powder were used to prepare dibenzyltin dichloride according to a literature 
procedure. In this study, IR spectroscopy, HOMO-LUMO energy gap, NBO analysis, polarizability, 
some geometrical parameters, natural charge and electrical potential of atoms, global hardness, 
electronic chemical potential, global electrophilicity index, and molar volume of dibenzyltin 
dichloride were calculated. DFT calculations were performed at the B3LYP and B3PW91 methods 
with LanL2DZ basis set on the title compound. The title compound presents a total dipole moment of 
4.2996 and 4.3235 Debye at the B3LYP and B3PW91 methods, respectively. Moreover, the HOMO–
LUMO energy gap of 0.16988 and 0.17155 a.u. were obtained for the title compound using B3LYP 
and B3PW91 methods, respectively. The infrared spectrum of (C6H5CH2)2SnCl2 was studied and 
analyzed. A good correlation was found between calculated and experimental data. Characteristic 
vibrational bands of the dibenzyltin dichloride associated with the Sn-C and Sn-Cl stretching 
vibrations were also identified. 
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INTRODUCTION
1In recent years, considerable progress has 
been made in the synthesis, 
characterization, and applications of 
organotin compounds [1]. Organotin 
compounds are classified as mono-, di-, tri-
and tetraorganotins. In compounds of 
industrial interests, methyl, butyl, octyl, 
and phenyl groups form the organic 
substituents, while the anion is usually 
chloride, fluoride, oxide, hydroxide, 
carboxylate or thiolate [2]. Organotin (IV) 
complexes show a large spectrum of 
biological activities. In recent years, 
several investigations to test their 
antitumour activities have been carried out 
 
*Corresponding author: hosainis@yahoo.com 

and much attention has been paid to on 
their antitumour properties and 
applications in antioncogenesis [3]. Also, 
they are commercially used as bactericides, 
fungicides, acaricides as well as 
agricultural biocides [4, 5]. Dibenzyltin 
dichloride is extensively used as a starting 
material in organotin chemistry.  

The aim of this paper is to study the 
molecular structure, molar volume, 
polarizability, natural charge and electrical 
potential of atoms, the energies of highest 
occupied molecular  orbital  (EHOMO) and  
the lowest unoccupied molecular orbital 
(ELUMO), the energy difference (∆E)  
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between EHOMO and ELUMO, global 
hardness (η) and softness (s), the global 
electrophilicity (ω), electronic chemical 
potential (µ), and infrared spectroscopic of 
dibenzyltin dichloride. In order to reach to 
the aforementioned purpose, DFT 
calculations of the title compound are 
calculated by B3LYP and B3PW91 
methods using LanL2DZ basis set.   
 
EXPERIMENTAL 
Instrumentation  
As a part of this study for vibrational 
spectra of dibenzyltin dichloride, we have 
analyzed the infrared spectra recorded on a 
FT Bruker Vector 22 infrared 
spectrophotometer using pressed KBr disk. 
The melting point was determined using a 
BarnStead (BI 9300) Electrothermal 
apparatus. 
 
Synthesis of the complex 
Organotin (IV) compound with the general 
formula of (C6H5CH2)2SnCl2 are 
synthesized by the reaction of benzyl 
chloride with tin powder prepared in 
toluene; the reaction was carried out in dry 
toluene [6], refluxed for 3 h and the final 
product was purified with 1-Butanol. The 
synthesized compound was characterized 
by IR spectroscopy (m.p. 160-160.5ºC). 
The synthesis reaction, in the presence of 
toluene, can simply be shown as follows: 
 
2C6H5CH2Cl+Sn → (C6H5CH2)2SnCl2

COMPUTATIONAL DETAILS 
The molecular structure of dibenzyltin 
dichloride was optimized at the B3LYP [7] 
and B3PW91 [8] methods with LanL2DZ 
basis set using Gaussian 09 software [9]. 
The widely used LanL2DZ basis set with 
quasi-relativistic effective core potentials 
(LanL2) and double-zeta quality (DZ) [10] 
was used to include the atomic cores 
potential, effectively.  

It is well known that global reactivity 
indices defined within conceptual DFT is a 
powerful tool to explain reactivity and the 
molecular properties [11]. Consequently, 
we have calculated global hardness, 
defined as η= (I-A)/2 [12] and electronic 
chemical potential, defined as µ= -(I+A)/2 
[13], where I and A denote ionization 
potential and electron affinity, 
respectively. In addition, global softness, 
defined as S=1/2η [14], and global 
electrophilicity index, defined as ω=µ2/2η
[15], were also calculated. Following 
Koopman’s theorem [16] allows to 
evaluate µ as (εH + εL)/2 and η as (εL- εH)/2 
where εH and εL indicate the energy of 
highest occupied molecular orbital 
(HOMO) and lowest unoccupied molecular 
orbital (LUMO), respectively [13, 17]. 
Detection of the calculated wavenumbers 
was performed using the animation option 
of the GaussView 5.0 software to present 
the shape of the vibrational modes [18]. 
 
RESULTS AND DISCUSSION 

Molecular structure and DFT 
calculations 
All calculations support tetrahedral 
geometry of the studied compound. The 
geometry of dibenzyltin dichloride 
optimized by B3LYP and B3PW91 with 
basis set of LanL2DZ is shown in Fig. 1. 
 



Farideh Keshavarz Rezaei /J. Phys. Theor. Chem. IAU Iran, 11 (3) 129-139: Fall 2014 
 

131 
 

Fig.1. The optimized geometry of 
dibenzyltin dichloride at the B3LYP (Up) 
and B3PW91 (Down) methods using 
LanL2Dz basis set.  
 

Stoichiometry, optimized energy, molar 
volume, dipole moment, and polarizability 
of dibenzyltin dichloride are given in Table 
1. The dipole moment of dibenzyltin 
dichloride at B3LYP and B3PW91 
methods are 4.2996 and 4.3235 Debye, 
respectively. 
Dipole moment can be considered as a 
direct consequence of the electron 
distribution in a given molecule of known 
geometry. It is a physical constant which 
can experimentally be obtained and/or 
theoretically evaluated [19].     
 Crystallographic and theoretical 
structures of diorganotin dichlorides of 
dibenzyltin dichloride have previously 
been reported in the literature [20, 21]. 
Bond lengths and bond angles of 
dibenzyltin dichloride calculated through 
B3LYP and B3PW91 using LanL2DZ 
basis set are given in Table 2.     
 In Table 2, the bond lengths of Sn-Cl 
and Sn-C as well as the bond angles of C-
Sn-Cl are shown as R1-R4 and A1-A4, 
respectively.  
 
Electrical potential and natural charge 
of atoms 
The electrostatic potential has primarily 
been used for predicting reactive sites and 
relative reactivities toward electrophilic 
attack, and also in the studies of biological  
 

recognition and hydrogen bonding 
interactions [22, 23]. In Table 3, there are 
several possible sites for the electrophilic 
attacks over the C4, C7 and atoms 
connected to the ring system of benzene 
(C10-C13, C15, C17, C21-C24, C26, and 
C28). The average of the maximum 
negative electrostatic potential values for 
these electrophilic sites calculated at the 
B3LYP/LANL2DZ and 
B3PW91/LANL2DZ are about -14.7 a.u.  
Natural bond orbital (NBO) analysis is an 
effective method to study the existence of 
internal and external molecular bonding 
and also confirm the intramolecular charge 
transfer [24, 25]. The natural charges 
corresponding to those electrostatic 
potentials are given in Table 3.  
 
Molecular orbitals 
Energies of the HOMO and LUMO are 
important parameters in quantum chemical 
calculations [26]. While the energy of the 
HOMO is directly related to the ionization 
potential, LUMO energy is directly related 
to the electron affinity. Energy difference 
between HOMO and LUMO orbital is 
called "energy gap" that is an important 
parameter for structural stability [27]. 
Higher HOMO energy corresponds to the 
more reactive molecule in the reactions 
with electrophiles, while lower LUMO 
energy is essential for molecular reactions 
with nucleophiles [28].  
Moreover, 3-dimensional representation of 
the HOMO and the LUMO of dibenzyltin 
dichloride are shown on the left and right 
sides, respectively, of figures 2 and 3. 
According to the calculations of B3LYP 
and B3PW91 methods with LanL2DZ 
basis set, the energy gap (transferring from 
HOMO to LUMO) of dibenzyltin 
dichloride were 0.16988 and 0.17155 a.u., 
respectively. Energy difference (gap) of 
dibenzyltin dichloride is given in Table 4. 
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Table 1. Stoichiometry, optimized energy, molar volume, dipole moment, and polarizability 
for the dibenzyltin dichloride at two different methods using LanL2Dz basis set 

Method  Stoichiometry E(RB3LYP) 
(a.u.) 

Molar volume 
(cm3/mol) 

Dipole Moment 
(Debye) 

Polarizability 
(a.u.) 

B3LYP C14H14Cl2Sn -575.21874 201.333 4.2996 197.63634 
B3PW91 C14H14Cl2Sn -575.07712 210.770 4.3235 196.90499 

Table 2. Optimized geometrical parameters of dibenzyltin dichloride. Bond lengths and bond 
angles are given in angstrom (Å) and degree (º), respectively

B3LYP/LanL2DZ B3PW91/ LanL2DZ 
Bond length (Rn) and bond angle (Am) Bond length (Rn) and bond angle (Am) 

Parameters Bond length 
( Å )

Parameters Bond angle (◦) Parameters Bond length 
( Å )

Parameters Bond angle (◦)

R1 R(1,2) 2.416 A1 A(2,1,3) 108.5 R1 R(1,2) 2.410 A1 A(2,1,3) 108.4

R2 R(1,3) 2.416 A2 A(2,1,4) 107.8 R2 R(1,3) 2.410 A2 A(2,1,4) 107.7

R3 R(1,4) 2.159 A3 A(2,1,7) 106.7 R3 R(1,4) 2.159 A3 A(2,1,7) 106.7

R4 R(1,7) 2.159 A4 A(3,1,4) 106.7 R4 R(1,7) 2.159 A4 A(3,1,4) 106.7

R5 R(4,5) 1.097 A5 A(3,1,7) 107.8 R5 R(4,5) 1.097 A5 A(3,1,7) 107.7

R6 R(4,6) 1.098 A6 A(4,1,7) 119.0 R6 R(4,6) 1.097 A6 A(4,1,7) 119.3

R7 R(4,21) 1.514 A7 A(1,4,5) 105.7 R7 R(4,21) 1.508 A7 A(1,4,5) 105.7

R8 R(7,8) 1.097 A8 A(1,4,6) 105.2 R8 R(7,8) 1.097 A8 A(1,4,6) 105.2

R9 R(7,9) 1.098 A9 A(1,4,21) 114.5 R9 R(7,9) 1.097 A9 A(1,4,21) 114.1

R10 R(7,10) 1.514 A10 A(5,4,6) 107.9 R10 R(7,10) 1.508 A10 A(5,4,6) 108.0

R11 R(10,11) 1.414 A11 A(5,4,21) 111.5 R11 R(10,11) 1.411 A11 A(5,4,21) 111.6

R12 R(10,12) 1.414 A12 A(6,4,21) 111.6 R12 R(10,12) 1.411 A12 A(6,4,21) 111.7

R13 R(11,13) 1.406 A13 A(1,7,8) 105.7 R13 R(11,13) 1.403 A13 A(1,7,8) 105.7

R14 R(11,14) 1.088 A14 A(1,7,9) 105.2 R14 R(11,14) 1.088 A14 A(1,7,9) 105.2

R15 R(12,15) 1.406 A15 A(1,7,10) 114.5 R15 R(12,15) 1.403 A15 A(1,7,10) 114.1

R16 R(12,16) 1.088 A16 A(8,7,9) 107.9 R16 R(12,16) 1.088 A16 A(8,7,9) 108.0

R17 R(13,17) 1.408 A17 A(8,7,10) 111.5 R17 R(13,17) 1.405 A17 A(8,7,10) 111.6

R18 R(13,18) 1.087 A18 A(9,7,10) 111.6 R18 R(13,18) 1.087 A18 A(9,7,10) 111.7

R19 R(15,17) 1.408 A19 A(7,10,11) 120.6 R19 R(15,17) 1.405 A19 A(7,10,11) 120.6

R20 R(15,19) 1.087 A20 A(7,10,12) 120.8 R20 R(15,19) 1.087 A20 A(7,10,12) 120.7

R21 R(17,20) 1.087 A21 A(11,10,12) 118.6 R21 R(17,20) 1.088 A21 A(11,10,12) 118.6

R22 R(21,22) 1.414 A22 A(10,11,13) 120.7 R22 R(21,22) 1.411 A22 A(10,11,13) 120.7

R23 R(21,23) 1.414 A23 A(10,11,14) 119.7 R23 R(21,23) 1.411 A23 A(10,11,14) 119.7

R24 R(22,24) 1.406 A24 A(13,11,14) 119.6 R24 R(22,24) 1.403 A24 A(13,11,14) 119.6

R25 R(22,25) 1.088 A25 A(10,12,15) 120.7 R25 R(22,25) 1.089 A25 A(10,12,15) 120.7

R26 R(23,26) 1.406 A26 A(10,12,16) 119.8 R26 R(23,26) 1.403 A26 A(10,12,16) 119.7

R27 R(23,27) 1.088 A27 A(15,12,16) 119.6 R27 R(23,27) 1.087 A27 A(15,12,16) 119.6

R28 R(24,28) 1.408 A28 A(11,13,17) 120.2 R28 R(24,28) 1.405 A28 A(11,13,17) 120.2

R29 R(24,29) 1.087 A29 A(11,13,18) 119.7 R29 R(24,29) 1.087 A29 A(11,13,18) 119.7

R30 R(26,28) 1.408 A30 A(17,13,18) 120.0 R30 R(26,28) 1.405 A30 A(17,13,18) 120.1

R31 R(26,30) 1.087 A31 A(12,15,17) 120.3 R31 R(26,30) 1.087 A31 A(12,15,17) 120.3

R32 R(28,31) 1.087 A32 A(12,15,19) 119.7 R32 R(28,31) 1.087 A32 A(12,15,19) 119.7

A33 A(17,15,19) 120.0 A33 A(17,15,19) 120.1

A34 A(13,17,15) 119.5 A34 A(13,17,15) 119.5

A35 A(13,17,20) 120.3 A35 A(13,17,20) 120.2

A36 A(15,17,20) 120.3 A36 A(15,17,20) 120.3

A37 A(4,21,22) 120.6 A37 A(4,21,22) 120.6
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A38 A(4,21,23) 120.8 A38 A(4,21,23) 120.7

A39 A(22,21,23) 118.6 A39 A(22,21,23) 118.6

A40 A(21,22,24) 120.7 A40 A(21,22,24) 120.7

A41 A(21,22,25) 119.7 A41 A(21,22,25) 119.7

A42 A(24,22,25) 119.6 A42 A(24,22,25) 119.6

A43 A(21,23,26) 120.7 A43 A(21,23,26) 120.7

A44 A(21,23,27) 119.8 A44 A(21,23,27) 119.7

A45 A(26,23,27) 119.6 A45 A(26,23,27) 119.6

A46 A(22,24,28) 120.2 A46 A(22,24,28) 120.2

A47 A(22,24,29) 119.7 A47 A(22,24,29) 119.7

A48 A(28,24,29) 120.0 A48 A(28,24,29) 120.1

A49 A(23,26,28) 120.3 A49 A(23,26,28) 120.3

A50 A(23,26,30) 119.7 A50 A(23,26,30) 119.7

A51 A(28,26,30) 120.0 A51 A(28,26,30) 120.1

A52 A(24,28,26) 119.5 A52 A(24,28,26) 119.5

A53 A(24,28,31) 120.3 A53 A(24,28,31) 120.2

A54 A(26,28,31) 120.3 A54 A(26,28,31) 120.3

Table 3. Natural charge and electrical potential of atoms of dibenzyltin dichloride calculated 
at the B3LYPand B3PW91 methods using LanL2DZ basis set 

Natural charge (e) Electrical potential (a.u.) 
B3LYP/LanL2DZ B3PW91/LanL2DZ B3LYP/LanL2DZ B3PW91/LanL2DZ 

Atom No.  Natural charge Atom No.  Natural charge No.             Electrical potential No.          Electrical  potential 
Sn  1      1.890 
Cl   2    -0.508 
Cl   3    -0.508 
C 4 -0.944 
H 5 0.251 
H 6 0.253 
C 7 -0.944 
H 8 0.251 
H 9 0.253 
C 10   -0.040 
C 11   -0.219 
C 12   -0.220 
C 13   -0.202 
H 14    0.218 
C 15   -0.202 
H 16    0.221 
C 17   -0.217 
H 18    0.221 
H 19    0.221 
H 20    0.220 
C 21   -0.040 
C 22   -0.219 
C 23   -0.220 
C 24   -0.202 
H 25    0.218 
C 26   -0.202 
H 27    0.221 
C 28   -0.217 
H 29    0.221 
H 30    0.221 
H 31    0.220 

Sn   1     1.860 
Cl   2    -0.503 
Cl   3    -0.503 
C 4 -0.944 
H 5 0.257 
H 6 0.259 
C 7 -0.944 
H 8 0.257 
H 9 0.259 
C 10   -0.044 
C 11   -0.222 
C 12   -0.224 
C 13   -0.206 
H 14    0.222 
C 15   -0.206 
H 16    0.226 
C 17   -0.220 
H 18    0.225 
H 19    0.226 
H 20    0.224 
C 21   -0.044 
C 22   -0.222 
C 23   -0.224 
C 24   -0.206 
H 25    0.222 
C 26   -0.206 
H 27    0.226 
C 28   -0.220 
H 29    0.225 
H 30    0.226 
H 31    0.224

1 Atom      -1.540 
2 Atom      -4.776 
3 Atom      -4.776 

4 Atom      -14.730 
5 Atom      -1.067 
6 Atom      -1.067 

7 Atom      -14.730 
8 Atom      -1.067 
9 Atom      -1.067 

10 Atom    -14.726 
11 Atom    -14.749 
12 Atom    -14.749 
13 Atom    -14.748 
14 Atom    -1.094 

15 Atom    -14.748 
16 Atom    -1.095 

17 Atom    -14.750 
18 Atom    -1.098 
19 Atom    -1.098 
20 Atom    -1.099 

21 Atom    -14.726 
22 Atom    -14.749 
23 Atom    -14.749 
24 Atom    -14.748 
25 Atom    -1.094 

26 Atom    -14.748 
27 Atom    -1.095 

28 Atom    -14.750 
29 Atom    -1.098 
30 Atom    -1.098 
31 Atom    -1.099 

1 Atom       -1.547 
2 Atom       -4.776 
3 Atom       -4.776 

4 Atom       -14.729 
5 Atom       -1.064 
6 Atom       -1.064 

7 Atom       -14.729 
8 Atom       -1.064 
9 Atom       -1.064 

10 Atom     -14.727 
11 Atom     -14.751 
12 Atom     -14.751 
13 Atom     -14.751 
14 Atom     -1.093 

15 Atom     -14.751 
16 Atom     -1.094 

17 Atom     -14.752 
18 Atom     -1.097 
19 Atom     -1.097 
20 Atom     -1.097 

21 Atom     -14.727 
22 Atom     -14.751 
23 Atom     -14.751 
24 Atom     -14.751 
25 Atom     -1.093 

26 Atom     -14.751 
27 Atom     -1.094 

28 Atom     -14.752 
29 Atom     -1.097 
30 Atom     -1.097 
31 Atom     -1.097 
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Table 4. HOMO and LUMO energies and corresponding HOMO-LUMO energy gap of 
dibenzyltin dichloride calculated at the B3LYP and B3PW91 methods using LanL2DZ basis 
set 

Method  HOMO (a.u.) LUMO (a.u.) HOMO-LUMO energy 
gap (a.u.) 

B3LYP -0.23726 -0.06738 0.16988   
B3PW91 -0.24024 -0.06873 0.17151 

Fig. 2. Schematic representation of HOMO, left and LUMO, right, of dibenzyltin dichloride 
with B3LYP/LanL2DZ. 

 

Fig. 3. Schematic representation of HOMO, left, LUMO, right, of dibenzyltin dichloride with 
B3PW91/LanL2DZ. 

 

Table 5. Global hardness, electronic chemical potential, global electrophilicity and global 
softness of the dibenzyltin dichloride calculated at the B3LYP/LANL2DZ and 
B3PW91/LANL2DZ levels 

Method  Global hardness 
η(ev) 

electronic chemical 
potential 

 µ(ev) 

Global 
electrophilicity 

ω(ev) 

Global softness 
S(ev)-1 

B3LYP 2.31 -4.14 3.72 0.22 
B3PW91 2.33 -4.20 3.79 0.21 
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In the dibenzyltin dichloride molecule, 
the HOMO and the LUMO are mainly 
delocalized throughout the system with the 
HOMO having the maximum amplitude 
coefficients on C4, C7, C17 and C28 
atoms while the LUMO has the maximum 
amplitude coefficient on C11, C12, C13, 
C15, C22, C23, C24 and C26 atoms.  

The HOMO is the orbital that donates 
electrons to the electron deficient species 
and the LUMO is the orbital that accepts 
electrons from electron rich species. A 
hard acid and/or base is associated with the 
large difference between ionization energy 
and electron affinity.  

The chemical hardness of a molecule is 
a good indicator of the chemical stability. 
From the HOMO–LUMO energy gap, one 
can find whether the molecule is hard or 
soft. The molecules having large energy 
gap are known as hard and molecules 
having a small energy gap are known as 
soft. The soft molecules are more 
polarizable than the hard ones because they 
need small energy to excitation [29]. 
Global electrophilicity index (ω) is 
estimated by using the electronegativity 
and chemical hardness parameters. A high 
value of electrophilicity describes a good 
electrophile while a small value describes a 
good nucleophile [30]. Table 5 gives the 
global hardness, electronic chemical 
potential, global electrophilicity and global 
softness values obtained from 
B3LYP/LANL2DZ and 
B3PW91/LANL2DZ levels for dibenzyltin 
dichloride. 
 
IR Spectroscopy 
Infrared spectroscopic studies are usually 
carried out in order to assign absorption 
bands to a particular vibrational mode, or 
to investigate the variation of the 
vibrational frequencies with structure [31].  
The dibenzyltin dichloride molecule has 31 
atoms, which possess 87 normal modes of  

vibrations. The IR vibrations of dibenzyltin 
dichloride with B3LYP/LanL2DZ and with 
B3PW91/LanL2DZ and their 
wavenumbers are given in Table 6. 
Positive values of all the calculated 
vibrational wavenumbers confirmed the 
optimized structure of the title molecule is 
stable. 
 Both experimental and calculated FT-IR 
spectra are shown in Fig. 4. As can be 
seen, the theoretically predicted infrared 
data of the dibenzyltin dichloride shows a 
good agreement with the experimental 
ones. It is worth to note that the signal 
observed in 3421 cm-1 is corresponded to 
the water in KBr. 

The low frequency region of the 
vibrational spectra of organormetallic 
compounds is of particular interest. The 
important absorption frequencies are (Sn-
C) stretching, (Sn-Cl) stretching, and (C-
H) stretching in ring and H-C-H stretching 
in CH2 group. The characteristic metal-
halide stretching and bending vibrations 
are found at the wavenumbers below 350 
cm-l.

The tin-carbon stretching frequencies 
are observed at 524 cm-1 and 563 cm-1 in 
(CH3)2SnCl2 and at 548 cm-1 in CH3SnCl3
[32]. In the title compound, the Sn-C 
asymmetric stretching frequencies are 
easily assigned at 579 cm-l 
(B3LYP/LANL2DZ) and 581 cm-l 
(B3PW91/LANL2DZ). 

In the B3LYP predicted spectrum of the 
dibenzyltin dichloride, the νasy (342 cm-1)
and νsym (320 cm-1) can be related to the 
strong bands of Sn-Cl. 

In the 3100-3250 cm-1 region, the 
dibenzyltin dichloride exhibits typical 
bands of C-H stretching due to the 
aromatic ring.  

We noted some bands at 3058-3146  
cm-1. These absorptions are antisymmetric 
and symmetric H-C-H stretching vibrations 
due to methylene groups.  
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Table 6. Experimental and calculated vibrational wavenumbers and assignments of 
dibenzyltin dichloride with B3LYP/LanL2DZ and B3PW91/LanL2DZ 
 

Wavenumber (cm-1) Band 
assignment 

Exp. 
(cm-1)

Wavenumber (cm-1) Band 
assignment 

Exp. 
(cm-1)

Wavenumber (cm-1) Band 
assignment 

Exp. 
(cm-1)B3LYP B3PW91 B3LYP B3PW91 B3LYP B3PW91

12 12 R, ClSnCl  761 762 T, CH2 1236 1249 R, CH2

22 22 790 791 T, CH2 1372 1375
27 27 795 796 W, CH2 1373 1375
40 43 796 796 T, CH2 754 1378 1399
52 54 812 818 1378 1399
63 61 W, ClSnCl  817 823 S, CSnC 799 1477 1476 S, CH2 1408 
87 86 883 884 1481 1481 S, CH2

94 93 884 885 1483 1490 T, CH2 1451 
105 104 R, CH2 957 958 1483 1490 S, CH2 1493 
114 113 S, ClSnCl  959 959 904 1524 1533   
129 129 W, ClSnCl  1015 1018 1524 1533
198 198 1015 1018   1631 1648 υC=C  
232 231 1018 1019 1632 1648
320 325 υsClSnCl  1018 1019 1651 1668
328 329 R, CH2 1040 1039   1652 1668 υC=C 1598 
331 331 R, CH2 1040 1040 3059 3073 υsCH2 2925 
342 346 υasClSnCl  1051 1058 1030 3061 3075 υsCH2

418 418 1051 1058 3124 3145 υasCH2

418 418 1083 1088 T, CH2 3125 3146 υasCH2 3059 
448 449 W, CSnC  1090 1095 T, CH2 1055 3187 3206 υC-H (ph) 3080 
450 452 T, CSnC  1144 1148 T, CH2 3187 3206 υC-H (ph)  
558 557 R, CSnC 435 1153 1156 T, CH2 3190 3209 υC-H (ph)  
559 559 S, CSnC  1191 1189 W, CH2 1114 3191 3209 υC-H (ph)  
579 581 υas CSnC  1199 1197 W, CH2 3203 3221 υC-H (ph)  
585 586 W, CSnC 547 1206 1210 3203 3222 υC-H (ph)  
636 636  579 1206 1210   3215 3233 υC-H (ph)  
636 636 1224 1230 3215 3233 υC-H (ph)  
725 726 1225 1230 3231 3249 υC-H (ph)  
725 727  690 1236 1249 W, CH2 1208 3231 3249 υC-H (ph)  

υ (stretching ), υs (symmetric stretching), υas (asymmetric stretching), W (wagging), T (twisting), S (scissoring), 
R (rocking), Exp. (experimental) and ph (phenyl). 

Fig. 4. Theoretical and experimental IR Spectra of the title compound. 
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CONCLUSION 
In this investigation, molecular structure, 
vibrational frequencies, global hardness, 
global electronegativity index, 
polarizability analysis, HOMO-LUMO and 
NBO analysis of dibenzyltin dichloride 
were studied using DFT 
(B3LYP/LANL2DZ and 
B3PW91/LANL2DZ) calculation for the 
first time. HOMO, LUMO and 
corresponding energy gap values along 
with their 3D plot were also studied. The 
reactivity can be related to the hardness 
and HOMO-LUMO energy gap. There are 
no significant differences in the 
spectroscopic parameters obtained from 
experimental data and DFT calculations. 
 
REFERENCES 
[1]. C.J. Evans, S. Karpel, Organotin 

compounds in modern technology, 
Elsevier Science Publishers, 
Amesterdam, (1985). 

[2]. N. J. Snoeij, A. H. Penninks, and W. 
Seinen; Biological Activity of 
Organotin Compounds-An Overview. 
Environmental research, 44 (1987) 
335-353.  

[3]. V.L. Narayanan, M. Nasr, K. D. Paul, 
Tin-Based Antitumor Drugs, Gielen, 
M. Ed. Springer-Verlag, Berlin, (1990) 
201–217. 

[4]. W.T. Piver; Organotin Compounds: 
Industrial Applications and Biological 
Investigation. Environ, Health 
Perspect., 4 (1973) 61-79.  

[5]. G. J. M. van de Kerk, in: J. J. 
Zuckerman (Ed.), Organotin 
Compounds, American Chemical 
Society, Washington, (1976) 1. 

[6]. K. Sissido, Y. Takeda, and Z. 
Kinugawa; Direct Synthesis of 
Organotin Compounds. I. Di- and 
 

Tribenzyltin Chlorides. J. Am. Chem. 
Soc., 83 (1961) 538-541. 

[7]. A. D. Becke; Density‐functional 
thermochemistry. III. The role of exact 
exchange. J. Chem. Phys., 98 (1993) 
5648-5652. 

[8]. J. P. Perdew, and Y. Wang; Accurate 
and simple analytic representation of 
the electron-gas correlation energy. 
Phys. Rev. B 45, (1992) 13244. 

[9]. M.J. Frisch, G.W. Trucks, H.B. 
Schlegel, G. E. Scuseria, M. A. Robb, 
J.R. Cheeseman, G. Scalmani, V. 
Barone, B. Mennucci, G. A. Petersson, 
H. Nakatsuji, M. Caricato, X. Li, H. P. 
Hratchian, A. F. Izmaylov, J. Bloino, 
G. Zheng, J. L. Sonnenberg, M. Hada, 
M. Ehara, K. Toyota, R. Fukuda, J. 
Hasegawa, M. Ishida, T. Nakajima, Y. 
Honda, O. Kitao, H. Nakai, T. Vreven, 
J. A. Montgomery, Jr., J.E. Peralta, F. 
Ogliaro, M. Bearpark, J.J. Heyd, E. 
Brothers, K.N. Kudin, V.N. 
Staroverov, R. Kobayashi, J. Normand, 
K. Raghavachari, A. Rendell, J.C. 
Burant, S. S. Iyengar, J. Tomasi, M. 
Cossi, N. Rega, J. M. Millam, M. 
Klene, J. E. Knox, J. B. Cross, V. 
Bakken, C. Adamo, J. Jaramillo, R. 
Gomperts, R. E. Stratmann, O. Yazyev, 
A. J. Austin, R. Cammi, C. Pomelli, J. 
W. Ochterski, R. L. Martin, K. 
Morokuma, V. G. Zakrzewski, G. A. 
Voth, P. Salvador, J. J. Dannenberg, S. 
Dapprich, A. D. Daniels, O. Farkas, 
J.B. Foresman, J.V. Ortiz, J. 
Cioslowski, D.J. Fox, Gaussian, Inc., 
Wallingford CT, (2009). 

[10]. H. Aghabozorg, F. Manteghi, M. 
Ghadermazi, M. Mirzaei, A. R. 
Salimic, and H. Eshtiagh-Hosseini; 
Synthesis, X-Ray Characterization and 
Molecular Structure of a Novel 
Supramolecular Compound of 
Antimony(III); Theoretical 



L. Rahimi Ahar et. al./J. Phys. Theor. Chem. IAU Iran, 11 (3) 129-139: Fall 2014 
 

138 
 

Investigation on Molecular and 
Electronic Properties Based on the ab 
initio HF and Various DFT Methods. J. 
Iran. Chem. Soc, 7 (2010) 500-509. 

[11]. P. Geerlings, F.D. Proft, and W. 
Langenaeker; Conceptual Density 
Functional Theory. Chem. Rev., 103 
(2003)1793-1873. 

[12]. R.G. Parr, and R.G. Pearson; 
Absolute Hardness: Companion 
Parameter to Absolute 
Electronegativity. J. Am. Chem. Soc., 
105 (1983) 7512-7516. 

[13]. Z. Zhou, and R.G. Parr; Activation 
Hardness: New Index for Describing 
the Orientation of Electrophilic 
Aromatic Substitution. J. Am. Chem. 
Soc., 112 (1990) 5720-5724.   

[14]. G.H. Liu, and R.G. Parr; On Atomic 
and Orbital Electronegativities and 
Hardnesses. J. Am. Chem. Soc., 117 
(1995) 3179-3188. 

[15]. R.G. Parr, L.V. Szentpaly, and S. 
Liu; Electrophilicity Index. J. Am. 
Chem. Soc., 121 (1999) 1922-1924. 

[16]. T. Koopmans; Über die Zuordnung 
von Wellenfunktionen und 
Eigenwerten zu den Einzelnen 
Elektronen Eines Atoms. Physica, 1 
(1934) 104-113. 

[17]. R. G. Pearson; Absolute 
electronegativity and hardness 
correlated with molecular orbital 
theory. Proc. Natl Acad. Sci. USA, 83 
(1986) 8440-8441. 

[18]. A. Frisch, H.P. Hratchian, R.D. 
Dennington II, T.A. Keith, John 
Millam, A.B. Nielsen, A.J. Holder, J. 
Hiscocks. Gaussian, Inc. Gauss View 
version 5.0., June, (2009).  

[19]. C. Párkányi, and J. J. Aaron; Dipole 
Moments of Aromatic Heterocycles. J. 
Theoretical and Computational 
Chemistry, 5 (1998) 233-257. 

[20]. M. A. Buntine, F. J. Kosovel, and E. 
R. T. Tiekink; Supramolecular Sn…Cl 
associations in diorganotin dichlorides 
and their influence on molecular 
geometry as studied by ab initio 
molecular orbital calculations. 
CrystEngComm., 5(58) (2003) 331-
336. 

[21]. K. M. Lo, and S. W. Ng; Acta Cryst., 
dibenzydichloridoltin (IV). E65 (2009) 
m596. 

[22]. J. S. Murray, K. Sen, Molecular 
Electrostatic Potentials, Concepts and 
Applications, Elsevier, Amsterdam, 
(1996), 7-624.  

[23]. E. Scrocco, and J. Tomasi; 
Electronic Molecular Structure, 
Reactivity and Intermolecular Forces: 
An Euristic Interpretation by Means of 
Electrostatic Molecular Potentials. 
Adv. Quantum Chem., 11 (1978) 115-
121.  

[24]. C. James, A.A. Raj, R. Reghunathan, 
V. S. Jayakumar, and I. H. Joe; 
Structural conformation and vibrational 
spectroscopic studies of 2,6-bis(p-N,N-
dimethyl benzylidene) cyclohexanone 
using density functional theory. J. 
Raman Spectrosc., 37 (2006) 1381-
1392.  

[25]. M. Snehalatha, C. Ravikumar, I. H. 
Joe, N. Sekar, V. S. Jayakumar; 
Spectroscopic analysis and DFT 
calculations of a food additive 
Carmoisine. Spectrochimica Acta A. 
72 (2009) 654-662. 

[26]. I. Fleming; Frontier Orbitals and 
Organic Chemical Reactions. John 
Wiley and Sons, New York, (1976) 5–
27. 

[27]. K. Fukui; Role of Frontier Orbitals in 
Chemical Reactions .Science. 218 
(1982) 747-754. 



Farideh Keshavarz Rezaei /J. Phys. Theor. Chem. IAU Iran, 11 (3) 129-139: Fall 2014 
 

139 
 

[28]. A. Rauk, Orbital Interaction Theory 
of Organic Chemistry, 2nd edn. John 
Wiley & Sons, New York, (2001) 34. 

[29]. V. Balachandran, G. Mahalakshmi, 
A. Lakshmi, and A. Janaki; DFT, FT-
Raman, FT-IR, HOMO–LUMO and 
NBO studies of 4-Methylmorpholine. 
Spectrochimica Acta A, 97 (2012) 
1101-1110.  

[30]. E.E. Ebenso, M.M. Kabanda, T. 
Arslan, M. Saracoglu, F. Kandemirli, 
L.C. Murulana1, A.K. Singh, S.K. 
Shukla1, B. Hammouti5, K.F. Khaled, 
M.A. Quraishi, I.B. Obot, and N.O. 
Eddy; Quantum Chemical 

Investigations on Quinoline 
Derivatives as Effective Corrosion 
Inhibitors for Mild Steel in Acidic 
Medium. J. Electrochem. Sci., 7 (2012) 
5643-5676. 

[31]. C. J. Cattanach, and E. F. Mooney; 
The infrared spectra of benzyl and 
substituted benzyltin compounds. 
Spectrochimica Acta, 24A (1968) 407-
415. 

[32]. W.F. Edgell, and C.H. Ward; The 
Raman and infrared spectra of the 
series (CH3)nSnCl(4−n). J. Mol. 
Spectrosc., 8 (1962) 343-364. 

 


