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The Schiff base (Benzylideneaniline molecule) and its complexes with Sn (II)
and Pb (II) have been synthesized and characterized by various spectroscopic and
electro-analytical techniques. The ligand, Benzylideneaniline has been
synthesized by condensation reaction of benzaldehyde and aniline.The metal
complexes were prepared by mixing of saturated solutions of metal salts and
ligand in 1:2 ratios in methanol and Dimethylsulfoxide solvents, followed by
their characterization using magnetic susceptibility, molar conductivity, chloride
estimation and spectral studies. It was found that titled organic ligand acts as
monodentate and in both complexes it is proposed to be interacted in metal to
ligand 1: 2 ratio with the metals to form organotin(II) and organolead (II)
complexes through the direct method. Overall experimental results show that a
diamagnetic and square planar geometry of both complexes formed.
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1. Introduction
Schiff base was invented by Hugo Schiff, which is
named after him [1]. Basically these are compounds
with a functional group which possess a carbonnitrogen double bond with the nitrogen atom
connected to an aryl or alkyl group not with hydrogen.
In general sense Schiff bases, could be represented by
the general formula R1R2C=NR3, where R is an
organic side chain. Some of them are restricted to the
secondary aldimines (like azomethines as the carbon is
attached with a hydrogen atom) with the general
formula R1R2R3CH=NR' [2].
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There are a number of ways developed since the
invention of the first Schiff base. The following are the
major ways to get several of their kinds;
The most common method for preparing imines is the
original reaction discovered by Schiff base [4]. As
described above, it consist the reaction of an
Aldehydes or Ketones with a primary amine and
elimination of one water molecule (Scheme 2) and this
reaction can be accelerated by acid catalysis and is
generally carried out by refluxing a mixture of a
carbonyl compound and an amine in order to remove
water molecule [4].
Alkyl and aryl cyanides react smoothly with phenols
and their ethers producing ketimines in very good
yields in the presence of an acid catalyst (Scheme 1-3).
The reaction is performed by mixing the nitrile and
phenol in ether and saturating the solution with
gaseous HCl, whereas, for less reactive phenols, ZnCl2
must be used [6].
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Scheme 1.General reaction for the formation of Schiff bases.
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Scheme 2.Schiff base reaction for the preparation of imines[5].

Scheme 3. Synthesis of ketimines from phenols and nitriles [7]
Coordination chemistry is the rapid growing branch of
chemistry and deals with the interaction between the
metal and ligand. A Schiff base is a compound with a
functional group that consists of an azomethine linkage
or an amino group. It is formed by the condensation
reaction between Aldehydes and Ketones with a
primary amino group.Azeotropic distillations followed
by the treatment with molecular sieves ensure the
complete removal of water molecules from the
reaction mixture.
Nowadays, the research field dealing with Schiff base
coordination chemistry has expanded enormously. The
importance of Schiff base complexes for bioinorganic
chemistry,
biomedical
applications,
supramolecularchemistry, catalysis and material sciences,
marine applications, separation and encapsulation
processes and formation of compounds with unusual
properties and structures has been well recognized [8,
9]. They have gained significant interest in the area of
drug research and development owing to their broad
bioactivities
like
insecticidal,

antibacterial,antituberculosis,
anti-microbialand
anticonvulsant
[10-14]
activities.
Especially,
organometallic compounds containing lead and tin are
commercially significant[15].Organotin with organic
groups can be powerful fungicides and their demand
increased worldwide production of organotin
compounds with a novel Schiff base ligand during the
last 50 years [16].

2. Experimental Details
2.1 Chemicals:Hydrated tin chloride, Lead chloride,
Aniline, Calcium chloride and benzaldehyde.

2.2 Instruments and Equipment
NMR Spectrometry: NMR spectra of the studied
samples were recorded by using BRUKER 400 MHz
(1H–NMR) and 100.06 MHz (13C-NMR) ultra-shielded
NMR spectrometer.
FTIR Spectroscopic Study:Infrared (IR) spectrum of
samples was also recorded using a Perkin–Elmer
57
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(model 65 FT-IR spectrophotometer in the range of
4000–400cm-1using KBr pellet.
UV-visible Spectroscopic Study: The electronic
absorption spectra was carried out by using Perkin–
Elmer UV Win Lab 6.0.3.0730 / 1.61.00 Lambda 900
UV–vis spectrophotometer in 200-800 nm regions.
Melting Point:Melting point of the samples was
determined using Stuart SMP10 digital melting point
apparatus.
Magnetic Susceptibility: The magnetic susceptibility
of complexes was measured using Evans Balance.
Elemental Analysis: The elemental analysis was done
by Flash EA-1412 Elemental Analyzer.
Molar Conductivity: Molar conductivities of
complexes in suitable solvents were recorded at room
temperature usingconductivity meter.
Magnetic Stirrer: Rotating and mixing during the
reaction of components while heating were done.
Other apparatus likeevaporating dish, glass rod,
beakers,
measuring cylinder,
round bottom
flask,volumetric flask, burette, Bunsen burner,
measuring cylinder, Buchner funnel, Whatmann filter
paper no. 40-42 and side arm filtration flask were used
for the whole experiment.

2.3 Synthesis of Schiff-base Ligand
The ligand was synthesized by the condensation of
2.23x10-4 mole of purified benzaldehyde and 2.23x10-4
mole of aniline (1:1) molar ratio using methanol
(20 mL) as the reaction medium in75 mL roundbottom flask. Thesolutionwasstirred with magnetic
stirrer until a clear solution was obtained. Then, it was
refluxed for one hour at 55oC. The resultant reaction
mixture was cooled at room temperature and excess
solvent removed by a rotary evaporator.Then, pale
yellow colored crystals of Schiff base (scheme 4)
benzylidene aniline ligand resulted and then washed
with Acetone, further dried and solid product was
obtained [17-32].
NH2

CHO
+

H

Methanol

C=N

+

H2O

55 °C,1 hr

Benzaldehyde

Aniline

Benzylideneaniline

water

Scheme 4.Schiff basesynthesis reaction

2.4 Synthesis of Organotin Complex
About 2.0 g ofSnCl2.2H2O (0.0088 M, 2.0 gm)
wasdissolved in 15 mL of methanol and of synthesized
ligand; benzylideneaniline (0.022 M) in 25 ml
methanolwas prepared separately. Then the solution of
SnCl2.2H2Owas added to the ligand solution while
stirring with magnetic stirrer in double-necked round
bottom flask with condenser.
The contents were refluxed with constant stirring with
magnetic stirrer for 6 hours at 550C and ultimately a
green yellow solid was formed. The reaction mixture

was cooled, filtered and the residue was washed five
times with petroleum ether and dried under
vacuum[33].

2.5 Synthesis of Organolead Complex
PbCl2.2H2O(0.0064 M, 2.0 gm) was dissolved in 15
mL of dimethyl sulfoxide and synthesized ligand,
Benzylideneaniline (0.022 M, 4.0 gm) was dissolved
in 25 ml Dimethyl sulfoxide were prepared separately.
Then the solution of PbCl2.2H2Owas added to the
ligand solution while continuous stirring with
magnetic stirrer in a round bottom flask provided with
condenser. The contents were refluxed by constant
stirring with magnetic stirrer for 6 hours at 550C which
yielded greenish white color solid.

The greenish white solid was cooled isolated and the
residue was washed five times with petroleum ether
and then dried under vacuum pressure [34]. The purity
of the complex was also checked by TLC using silica
gel.

2.6 Thin Layer Chromatography (TLC)
The progress and purity of the reaction during the
synthesis of the ligand and the complexes Sn(II) and
Pb(II) were monitored by employing TLC in methanol
as a mobile phase. The Rf values were calculated using
the following formula [35].
Distance moved by sample
Retention Factor (Rf) = ------------------------------------Distance moved by solvent

2.7 Test for Tin (II) and Lead (II) Ions
About 0.2mg of each complex was digested in nitric
acid and subjected to chloride identification using
0.1M AgNO3 solution. A white precipitate formed
confirms the presence of chloride in the sample as well
as its percentage amount which is used to determine
the molecular formula of the complex. The complexes
of Sn(II) and Pb(II) were decomposed separately
using concentrated of HNO 3, to remove the organic
component and the metal ions were tested as follows.
Sn (II) was tested with addition of AgNO 3 solution and
observed the characteristic color. A few drops of silver
nitrate was added to a nitric acid solution of the Pb (II)
ion solution and observed the characteristic color.
58
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2.9 Magnetic Susceptibility Measurement
The following calculations were made to arrive at the
magnetic moments of the metal in the complex [36].
χM= χg x M.wt.
where,
χM - molar magnetic susceptibility (cm3 mol-1),
χM-gram magnetic susceptibility (cm3 g-1),
M.wt. (g mol-1).
The χM is subjected to diamagnetic correction using
Pascal constants to obtain corrected magnetic
susceptibility (χMcorr), the magnetic moment is finally
calculated as: μeff= 2.828 (χMcorr. T) 1/2
where,
μeff - magnetic moment and T - temperature in K
Then from the effective magnetic moment (μeff)
obtained, the number of unpaired electrons can be
calculated using the relation:
μeff= [n (n+2)]1/2
where,
n - number of unpaired electrons.

2.10 Chloride Estimation
About 0.2 g of solid AgNO3was dissolved in 250 mL
conical flask with 20mL of distilled water. The
solution was stored in brown bottles for further uses,
and 6M of HNO3 was used for washing the precipitate
followed by 50 mL of distilled water and silver
chloride was isolated. Approximately 0.2 mg amount
of each complex was decomposed in 6M concentrated
HNO3 and heated on oil bath for one hour at 1000C.
The samples were dissolved in 100 mL of deionized
water containing 3 mL of 6M HNO3 and stirred slowly
with glass rod and digested the 1 ml of 0.1 M AgNO3
solution. The contents were further digested for 10
minutes.The
precipitation
was
checked
for
completeness in adding two more drops of 0.1M
AgNO3 to the supernatant liquid. Then the resulting
precipitate was filtered through a cleaned, dried and
weighed crucible. After filtration, the resulting
precipitate was placed in a large beaker covered with a
watch glass and dried at 120°C for 2 hours in hot air
oven. The amount of chloride was calculated
according to the standard method [37].
Mass of chloride = mAgCl x 0.24736
Then, the amounts of chloride in the complexes have
been calculated as follows:
Mass of chloride digested
Chloride (%) = ---------------------------------- x 100
Mass of sample

3. Results and Discussion
Usually Schiff bases and complexes of transition metal
ion used for industrial, pharmaceutical and biological
applications. But still there is need to explore the
coordination ability of Schiff base ligand with
metalloid elements such as tin and lead. This is
because, both are non-transition elements and the
survey of literatures show that there is shortage of
information on tin (II) and lead (II) complexes. The
studied Schiff base of benzylideneaniline was obtained
in good percentage yield (90.61%), with a sharp
melting point of 62°C. The percentage yields of tin (II)
and lead (II) complexes were obtained as 71.1% and
67.8% respectively. The color of the tin (II) and lead
(II) are found in green yellow and greenish white with
melting points 58°C and 61°C respectively. This
shows that the prepared complexes are consist of more
off tin and lead are further confirmed with their
respective boiling points.

3.1 Fourier Transform Infrared Spectroscopy
(FTIR) Study
The FTIR spectroscopy is among one of the most
powerful tools to characterize the functional groups,
especially organic compounds and also for inorganic
complexes at some extent. The FTIR spectrum of the
ligand and both complexes were obtained in the range
4000–400cm−1 using KBr pellet [38]. In order to
determine the coordination sites of the ligand in the
complexes, the IR spectrum of the ligand was
compared with the IR spectrum of the two complexes.
A broader stretching vibration was observed around
3434 cm-1, which possibly corresponds to O-H
stretching of water from any moisture available. The
appearance of a new band at 3061 cm-1 attributed to CH stretch of =C-H, which indicates the involvement of
medium aromatic and alkenes groups in the ligand. A
new prominent band at 1658 cm−1 is shown due to
azomethine ν (C=N) linkage in the ligand (shown in
Figure 1), which indicates that condensation between
benzaldehyde and amino group of aniline has taken
place
resulting
the
formation
of
desired
Benzylideneaniline ligand. The comparison of the IR
spectra of the ligands with their Sn (II) and Pb (II)
complexes showed a major shift from 1658 cm−1 to
lower wave numbers 1626 cm-1 and 1628 cm-1. This is
suggesting that the coordination of the azomethine
nitrogen with the Sn (II) and Pb (II) ions. On both of
the complexes the presence of ν (Pb-N) and ν (Sn-N)
vibration observed in the region 575 - 671 cm-1[39]. In
addition, there are bands corresponds to the peaks of
1019 cm-1 for ν (Sn–Cl), and 767 cm-1 for ν (Sn-Cl).
Another important band is observed around at 1434
59
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cm-1 assigned for ν (Pb–N) and 921 cm-1 forν (Pb-Cl)
(Figures 2 & 3).
Additional bands also appeared that corresponds to
wave length 1936 cm-1(C-H; aldehydes stretching
bands), 1194 cm-1(C-N, stretching), 1172 cm-1(C=N;
stretching of amine groups),907 cm-1 (=C-H; stretching
of alkenes group) and 694 cm-1(= C-H; bending of
alkenes groups), band at 1578 cm-1 corresponds to C=C
with aromatic functional group are shown strong bands
for the ligand as shown in Figure 3.

1578

2998
3434

1434

40

30

20

921

60

4000
50

3600

3200

2800

2400

2000

1600

1200

800

400

Wave Length(nm)

40

Frequencey

3434

1936

Figure 3. IR Spectra of Pb (II) Benzylideneaniline complex
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Figure.1 IR spectrum of benzylideneaniline ligand
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The 1H-NMR (CDCl3, δ ppm, 400 MHz): 1.00 (stretch,
3H), 2.07 (medium, 4H), 3.04 (2H), 2.12 (medium,4H,
2H), 8.004, 8.017, 8.52 and 10.072 (stretch, 1H, NH),
7.6-7.99 (medium, 5H, aromatic) and 7.32-7.58
(medium, 6H, aromatic); 13C-NMR (CDCl3, δ ppm):
192.49;160.52 (C=N), 152.12 (C=O), 136.56 (C=H),
136.46, 136.28, 135.99, 134.56, 131.81, 131.52,
131.26, 130.11, 129.84, 129.58, 129.30, 129.10,
128.96, 128.90, 128.64, 128.57, 128.42, 126.10,
125.78, 121.03, 120.73, 115.42 (aromatic carbons),
77.59, 77.27, 76.96 (CH) (Figures 4 and 5).
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All these information’s were reveals that the formation
of amide functional group from the aldehydes and
amine group of aniline in the Benzylidene aniline
ligand.
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Figure 2. IR Spectra of Sn (II) benzylideneaniline complex

Figure 4. The1H-NMR of benzylidene aniline ligand
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Figure 5. UV-Vis spectra of ligand

Figure 6.UV-Vis spectra of tin (II) complex

3.3 UV-visible Spectrum of the Ligand, Tin (II)
and Lead (II) Complexes
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It is helpful in determining the stereochemistry of the
ligand and the complex based on the position and
number of transitions peaks. In the electronic
absorption spectrum of the ligand only one band was
observed at 261 nm and this is attributed to π →π*
transition of the benzene ring of the ligands [40](see
Figure.6). In both Sn (II) and Pb (II) complexes the
bands are observed at 237 nm (Figures 7 & 8) is due to
π→π* (C=C) and π→π* (C=N) transitions
respectively. This indicates a shift to shorter wave
lengths due to complexation.
A band due to the C=N chromophere in the spectrum
of ligand at 261 nm (π-π* transition) shifted to a lower
wave length in the spectra ofmetal complexes and
appears at 237nmin the complexes. This clearly
indicates the coordination of azomethine nitrogen to
the metal atom. During the formation of the complexes
these bands are shifted to lower wavelength suggesting
that the nitrogen atom of the azomethine group is
coordinated to the metal ion.
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Figure 7. UV-Vis spectra of lead (II) complex

3.4 Elemental Analysis of Ligand and both
Complexes
Elemental analysis results showed that there is a direct
correlation between the calculated and the
experimentally found values indicating the formation
of the ligand with the formula C13H11N and to both
[Sn (C13H11N)2Cl2] and [Pb (C13H11N)2Cl2] complexes
as shown in Table 1.
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Table 1. Elemental analyses data of ligand and their
complexes
Compounds

Molecular
weight
(g/mol)

Elemental Analysis
C

H

N

Calculated
(Found)

Calculated
(Found)

Calculated
(Found)

Calculated
(Found)

C13H11N

181(180.7)

86.18(86.2)

6.08 (6.1)

7.73 (7.7)

Sn (C13H11N)2Cl2

552 (551)

56.5 (56.6)

3.98 (4.0)

5.07 (5.1)

[Pb(C13H11N)2Cl2] 640(638.9)

48.7 (48.8)

3.43 (3.44)

4.37 (4.40)

From the above table, generalize the following
information;
a. The elemental analysis (%) calculated for the
ligand, C6H5CH=NC6H5 are: C - 86.18;
H - 6.08; N - 7.73 with molecular weight 181.00
g/mol and the experimental values are found C 86.2; H - 6.1 and N - 7.7 with the molecular weight
about 180.7g/mol; whose analytical data are well
consistent with molecular formula of the ligand.
b. The elemental analysis data are well consistent with
molecular formula of Sn (II) complexes. Thus, the
data calculated such as C - 56.5; H - 3.98 and N 5.07 with molecular weight 552.0 g/mol, while the
elemental analysis of the present study was found
in the tin complex are C - 56.6; H - 4.00 and N - 5.1
with the molecular weight 551g/mol.
c. The calculated elemental analysis data of Pb (II)
complex are stated C - 48.7; H - 3.43 and N - 4.37
with the molecular weight is 640.0 g/mol and the
elemental composition of Pb complex in this
current study was found to be C - 48.8; H - 3.44
and N - 4.4 with the molecular weight 638.9g/mol.
Thus, the studied results were well agreed with
theoretical (calculated) value, which confirmed that
the studied ligand is well complexes with the Sn
and Pb metal ions.

3.5 Molar Conductance of Complexes
The molar conductance of both Sn (II) and Pb (II)
complexes were determined by taking 0.02 M solution
of each complex in methanol solution and the cell
constant determination was made by using the standard
calculations.
a. The Molar conductance of the Sn (II) complex
resulted from the solution of methanol was found as
1.53 x 10-3(76.62) Ω−1 mol−1cm-1 (Table 2) and
corresponds to the own ions.
b. The Molar conductance of the Pb(II) complex
resulted from the solution of methanol was
established as 1.82 x 10−3 (91.21) Ω−1ohm-1cm-1
which is corresponds to their own ion.

These molar conductance values (see Table 2) showed
that the non-electrolytic nature of both Sn (II) and Pb
(II) complexes.

3.6 Magnetic Susceptibility
The magnetic moment values for both Sn (II) and Pb
(II) complexes are zero (Table 2), which indicate that
they are diamagnetic. The magnetic properties of the
complexes have weak magnetic moment or slightly
interacted with the magnetic fields. When, the electron
configuration of both Sn (II) and Pb (II) complexes
such as 50Sn is [Kr] 4d105S25P0 and for 82Pb is [Xe]
5d106S26P0whose all electrons are paired. Therefore, in
both cases, there are no unpaired electrons and no
permanent magnetic moment per atom that reported in
literature [41]. According to electronic configuration
of Sn(II) and Pb(II) complexes, four atomic orbital
undergo hybridization resulting four sp3 hybrid
orbital’s. Such hybrid orbitals are commonly employed
in complexes with square planar geometry around the
central metal ion [41].

Table 2: Analytical Data of ligand and the two Synthesized
Complexes
Complexes

Melting
point
(0C)
62

%
yield

Conductivity

90.6

-

-

58

71.1

1.53x10-3(76.62)

0

61

67.8

C13H11N

Magnetic
moment

Sn (C13H11N)2Cl2
1.82x10−3 (91.21)

0

[Pb(C13H11N)2Cl2]

All the synthesized compounds were stable in air and
has higher melting points of the ligand than that of
their corresponding complexes (see Table 2), reveals
that the ligands were much more stable than those
complexes.
Mostly, the necessity of determining chloride ion
estimation in the complex is to confirm whether the
chloride ion is present in the complex or not. The
amount of chloride is calculated from the amount of
AgCl precipitated and compared with the theoretical
results for the proposed formula of metal complexes,
which in depicted in Table 3. Therefore, this analytical
data is in supports of molar conductance measurements
and there is no chloride ions were found outside of the
coordination sphere. Therefore, the present study
confirms that the chloride ions were present within the
coordination sphere of both complexes of Sn (II) and
Pb (II).
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Table 3.Results of chloride ion contents in complexes

H
C
N
Pb
Cl
H

C

N

Cl

3.7 Proposed Structure of Ligand
Thus, the studied results of elemental analysis, IR and
NMR data the structural formula of Benzylidene
aniline (Figure 9) is predicted, confirmed and agreed
with existing as:

H

C

''
N

Figure 9.Proposed structure of synthesized
Benzylideneaniline (planar sp2 hybrid orbital)

3.8 Proposed Structure of Organo tin and
Organo lead Complexes
The chloride ion determinations showed that chloride
ions are present in the two complexes. Then, the
chloride ions are in the inner sphere. Therefore, the
proposed structures of both metal complexes are
clarified further from the results of UV-Visible,
magnetic susceptibility, FT-IR spectral studies,
elemental analysis, 1H-NMR and 13C-NMR. Thus,the
structures of both complexes are conformed and
presented in figures 10 and 11.
H
C
N
Sn
Cl
H

Cl
C

N

Figure 10. Proposed structure of [Sn (C13H11N)2Cl2]

Figure 11. Proposed structure of [Pb (C13H11N)2Cl2]

Thus from all the studied data and spectral results are
revealed consistent for the molecular formulae of the
ligand and both complexes; the proposed geometry of
both complexes are square planar and both have
diamagnetic nature.

Conclusions
Benzylideneaniline Schiff base was successfully
synthesized by condensation of benzaldehyde and
aniline. The Sn (II) and Pb (II) complexes of the ligand
were synthesized through a direct method. The ligand
and the complexes were characterized using elemental
analysis, molar conductivity, UV-Vis, FT-IR, NMR
spectroscopy and chloride determination. The IR
spectra are shows that the ligand is bonded to the
metals through carbon-nitrogen atom lone pair.
The conductivity measurement of the complexes
confirmed that the complexes are non-electrolytes.
Furthermore, chloride ion determination showed that
chloride ions are present in the complexes. While the
complexes are non-electrolyte but contain chloride
ions. Then, the chloride ions are in inner sphere
complex bonded to the central of Sn (II) and Pb (II).
Based on the analytical data, the studied complexes
have monodentatebenzylideneaniline ligand with the
chloride ions in their inner coordination sphere and
propose that the structures of the complexes are square
planar.

Recommendations
In order to establish the proposed structure x-ray
crystal structure of the complexes should be obtained.
The applications of the complexes can be studied in
different fields such as antimicrobial, insecticidal, antiknocking agent in petrol, diesel and gasoline as an
alternative for tetraethyl lead.
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