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The complexation behaviour of some salophen,s derivatives with few transition and heavy
metal cations in N,N'-dimethyl formamid as nonaqueous solvent at 25 °C and 0.05 M tetra
ethylammonium perchlorate to investigate the effect of structure were studied by
spectrophotometric method. The formation of complexes between ligands and metal ions of

the types ML, ML, or M:L was observed. The overall stability constants of such complexes
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were evaluated by computer refinement of absorption-mole ratio data using the KINFIT

1. Introduction

The ligands have an important role as reagents in analytical
chemistry for preconcentration, speciation and determination
of elements in real samples [1-3]. Nowadays, considerable
attention has been paid to the Schiff bases and their metal
complexes. Aromatic Schiff bases or their metal complexes
catalyze reactions on oxygenation [4], hydrolysis [5], electro-
reduction and decomposition [6]. Some of Schiff base
derivatives or their metal complexes show antibacterial activity
against Escherichia coli, Staphylococcus aureus, Bacillus subtilis,
and Proteus vulgaris pathogenic bacteria [7,8], possess effective
antifungal [9], anti-HIVactivity [10] and antiviral activity [11].

A class of these compounds has shown growth inhibitory
activity with seedling of wheat, rye and barley [12]. Several
Schiff bases are known to possess anti-inflammatory allergy
reducing activity, radical scavenging, analgesic and anti-
oxidative activity [13,14]. Additionally, some of these
compounds possess antiulcer activity [15] and may also alter
reproductive physiology [16].

Azomethine complexes Schiff base dyes, give fast colors to
leathers, food packages, wools etc. [17]. Novel tetra dentate
Schiff base acts as a chromogenic reagent for determination of
metal ions such as Ni%* ion in some natural food samples [18].

In recent years Schiff base compounds have been a famous
and applicable class of reagents in analytical fields, such as
potentiometric sensor [19-21], bulk and supported liquid
membrane transport [22,23], optical sensor [24], solid phase
and cloud point extraction [25,26]. The study of complexation
reaction of these ligands in nonaqueous matrices could be used
as an efficient strategy to design the analytical systems. Thus,
thermodynamic studies of complexation reaction of these
compounds with metal ions lead to a better understanding of

the high selectivity of these ligands toward different metal
cations. Our group has used the kinfit [27,28] and best program
[29], for evaluating the stability constant of complexes between
several ligands, transition and heavy metal ions using the
spectrophotometric and potentiometric data [30-35]. These
Ligands include pyridine carboxylic acids, pyridine amines,
oximes, and especially Schiff bases as an interesting molecule
group not only in coordination but in analytical chemistry.

In this study we spectrophotometrically investigated and
the effects of the ligands structure on the stability constants of
the complexation of some transition and heavy metal ions with
salophen and few of it's derivatives. Based on the results of this
study, one analyst can select the suitable Ligands for analytical
aims, and one inorganic or organic researcher can focus to
synthesize new ligands with proper characterizes toward
cations for the selective and sensitive determination of the
proposed metal ions.

2. Experimental
2.1. Reagents

Analytical grade nitrate salts of Cu(II), Ni(II), Co(I), Cd(II),
La(Ill), Ce(Ill) and Zn(Il) ions are purchased from Merck,
Dermasdat, Germany and used without any further purification.
The ligands 3-MeO salophen (L1), 4-MeO Salophen (L%), 5-MeO
Salophen (L3), 5-Br Salophen (L*), and 5-NO2 Salophen (L5)
were synthesized in our laboratory by reaction of 1,2-
phenylene diamine and salicylaldehyde derivatives in
methanol, the details of synthesis was reported in our previous
paper [36]. The ligand structures and their wavelengths were
summarized in Table 1. Tetraethylammonium perchlorate
(TEAP) was synthesized according to literature [37].
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Table 1. Structure of ligands.

Ligand Structure Amax (Nm) Transition for ligand
S:l-;\fzi(e)n =N — 280 m—>* (phenolic ring)
(L) 330 m - m*(C=N)
OH HO
OMe MeO
S:l-;\fji(;n =" M= 280 m—m * (phenolic ring)
321 - ¥ (C=N)
(L2
OH  HoO
MeO Me
S:l-gf)i(e)n NE EN 265 T —>1* (phenolic ring)
(L2) - - 361 m - m* (C=N)
MeO: OH H OMe
5-Br ; 2 m—m*(phenolic ring)
Salophen —N N__ ;2; m-1* (C=N)
(L9
Br: OH HO Br
5-NO; ; 2 430 n— 1* (C=N)
Salophen —N N__ 390 m— * (C=N)
(LS) 290 m —1*( phenolic ring)
O,N OH HO NO,
2.2. Instrumentation parameters reflecting the chemical properties are

Absorbance measurements were carried out with a Perkin
Elemer model Lambda5 spectrophotometer (Nordrhein,
Westfalen, Germany).

2.3. Spectrophotometric titration

Standard stock solutions of ligands (1.0x10-3 M) and the
metal ions (1.0x10-3 M) were prepared by dissolving
appropriate and exactly weighed (with an accuracy of +0.0001
g) amount of pure solid compounds in pre-calibrated 25.0 mL
volumetric flasks and diluted to the mark with DMF. Working
solutions were prepared by appropriate dilution of the stock
solutions. According to the spectra reported (Figures 1-4),
titration of the ligand solution (for typical 3.8x10-5 M, 2.6 mL)
was carried out by the addition of micro-liter amounts of a
concentrated standard solution of the metal ion (1.0x10-3 M)
using a pre-calibrated micro-syringe, followed by absorbance
intensity reading at 25.0 °C and 0.05 M TEAP, and the spectrum
was recorded.

3. Results and discussion

The complexation of few transition metal ions with some
ligands including L1, L2, L3, L* and L5 have been investigated
spectrophotometrically and their stability constants using
KINFIT program has been evaluated.

The aim of comparative studies of the various equilibrium
processes in virtually all cases is to find a correlation between
the values of the equilibrium constants and the parameters
reflecting the chemical properties of the components
participating in the process. Basically two types of the

distinguished: (a) physical parameters due to the interaction of
the component in question with physical fields (e.g. ionization
potential, electro affinity, ionic potential, polarizibility) and (b)
correlation coefficients expressing the connection between the
various chemical properties, which can be determined from a
large number of studies (e.g. Hammet o value, electronegativity,
data reflecting the hard-soft nature, etc.). Also, the stability of a
transition metal complex with a polydentate chelate ligand
depends on the other factors including: number and type of the
donor atoms present and the number and size of the chelate
rings formed on complexation [38]. In addition, the stability
and selectivity of complexation strongly depend on the donor
ability, dielectric constant [39], shape and size of the solvent
molecules [40].

The donor ability of Schiff bases to metal ions depended on
type and position of functional groups to phenolic oxygen. In
general, during the complexation of tetra dentate Schiff base
ligands with metal ions, two internal hydrogen bonds are
broken, two M-N and two M-0 bonds corresponding to iminic
nitrogen and phenolic oxygen are formed. It is clear that the
formation constants depended on the power of hydrogen
bonding between the phenolic hydrogens and iminic nitrogens.
The hydrogen bond in this type of Schiff bases depended on
functional groups such as -NOz and MeO on the aldehyde and
amine parts of the ligands. For example, in the complexes the
MeO substituted group increases donorability of Schiff base,
while NO2 group decreases it.

On the other hand, the functional group NO: increases the
acidity of OH group therefore it increases the formation
constant value while the MeO functional group has a reverse
effect. The observed results can be due to these paradox effects.
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Figure 1. UV-Vis spectra for titration of L! (3.51x10-5 M) (a) and L2 (3.46x10-5 M) (a") with Ni2+ jon in DMF (T = 25 oC, I = 0.05 M and 0.05 M TEAP) and the
corresponding absorbtion mole ratio plots at 451, 450 nm, respectively (b, b") and corresponding curve fitting (c, c").

Addition of metal ions to the ligand solution cause
appearance of new or shifted peaks (red shift) in the spectrum
due to the coordination of metal ions with imines nitrogen and
phenolic oxygen [41] and lead to formation of ML, MLz or MzL
[42-45]. The isosbestic points can predict the numbers of
equations in solution.

As it is shown typically in Figure 3b, an increase in the
concentration of transition metal ions makes one of the original
peaks of the Schiff base ligand at about 350 nm gradually
vanished. The other original peak or shoulder shifted to higher
wavelengths about 390 nm with an increase in its intensity and
a new peak appeared at about 500 nm with an increase in
intensity. Generally, the bonds with lowest energies in the
spectra of the ligand was assigned to n—m* transition of the
imine nitrogen atoms in conjugation with the phenol groups

which are eliminated after coordination with metal ion. The
absorption bands with highest energies were assigned to m—m*
of benzene or phnolic rings of the ligands that may shift to
higher energies after coordination. The bonds between these
transitions were suggested to be related to m—m* of imine
groups that are generally red shifted to lower energies. The
new peaks appeared at wavelengths above the 500 nm after
adding metal ion to the ligand during the studies can be
attributed to d—m* transition of the ML, ML, and/or M:L. The
shifting of ligand peaks towards lower energy on deprotonation
of the chelating units can be explained by two ways: (i) the
interaction of imine with a hydrogen-bond forming solvent
would presumably reduce the OH bond strength and facilitate
proton transfer to the nitrogen center favoring the formation of
the ketoamine, which gives characteristic n—»n* transition at
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Figure 2. UV-Vis spectra for titration of L* (3.65x10-5 M) with Cu2+ (a) and L3 (4.23x10-5 M) with Ni2+ (a') ions in DMF (T = 25 °C, [ = 0.05 M and 0.05 M TEAP)
and the corresponding absorbtion mole ratio plots at 431, 508 nm (b, b’) and corresponding curve fitting (c, ¢').

longer wavelength than the corresponding enolimine; (ii)
formation of phenolate ion from phenol stabilizes the m—m*
excited state due to charge delocalization and brings the lowest
excited state closer to the highest ground state and thus
permits a lower energy (longer wavelength) for transition.

In order to study the insight on the coordination mode and
effect of complex formation in non-aqueous medium, the
complexation was carried out spectrophotometrically in DMF
using mole ratio method. In general, with the same ligands
copper ion has highest and cadmium complex has the lowest
stability constant as expected from Irving-William's [46],
typically for L5 this order is, Cd(II)~Co(Il)<
Ni(II)<Cu(I1)>Zn(II). Due to the simultaneously presence of

hard oxygen atom and soft nitrogen atom in the ligands herein
significant tendency for complexation with metal ions and low
differences in stability constants would be expected. lons such
as Ce(III) and La(III) with high charge and low charge density
have stability constant close to divalent ions.

Presence of withdrawing groups of nitro and bromide in
the ligand structure reduces the complexation of ligands, while
the donating group increases the stability constants of the
complexes. The NOz group in phenolic moiety L5 decreases the
stability constants. This can be explained by more effective
hydrogen bond of phenolic hydrogen imines by NOz in phenolic
part. Moreover, this explanation can be considered for the
formation of MLz with L° via probably nitrogen atoms of two
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Figure 3. UV-Vis spectra for titration of L3 (3.65x10-5-4.23x10-5 M) with metal ions (1.0x10-3) (a) Cu2+, (b) Ni2*, (c) Cd2* and (d) Zn2* and in DMF (T = 25 °C and I=

0.05 M TEAP).

ligands in a pseudo tetrahedral geometry. On the other hand,
resonance toward the NO2z group of phenolic ring of L5 leads to
the intra-hydrogen bond cleavage and easy rotation of one
phenolic ring and therefore accepting of two metal ions such as
Zn(1I) to give ML complex. Methoxy group in 3 position of L1
leads to formation of hydrogen bonding between oxygen of
methoxy with phenolic proton and reduces hydrogen bonding
with nitrogen. Therefore complexation via nitrogen binding
occurs and higher stability constant for complexation of metal
ions with a ligand for methoxy in 3 position toward 4, 5
position could be obtained [47-49]. Methoxy in 4-position leads
to higher ability of ligand for complexation [36,50,51].

The experimental electronic spectra of ligands with some
metal ions between 200 and 600 nm are shown in Figures 1-4.
Analyses of spectra using KINFIT whole at maximum
wavelength give the best fit for ML, MLz or MzL model and
respective formation constants with their standard deviations
are given in Tables 2. The possibility of other types of
formulations were ruled out due to the absence of any extra
peak in the higher wavelengths, which was further confirmed
as inclusion of additional species in the model. However,
interpreting the spectra in UV-Vis region and the bathochromic
shifting of ligand peaks indicate coordination of metal ion with
the ligand chromophoric groups. The band at about 390 nm in
the spectrum of the ligand associated with the m—m* transition
from the imine nitrogen atom is shifted significantly to higher
wavelengths. The appearance of band at higher wavelengths
assigned to m- m*of imine group with higher intensity may be
attributed to coordination of imine nitrogen atoms with the
metal ion upon chelation. The complexation occurs by two
imine groups followed by two phenolate groups to give a
uncharged hexacoordinated ML species with distorted

structure and four coordinal ML spies with distorted square
plan structure, where two-coordination sites are occupied by
solvent molecules at trans-position. It has been shown that for
a (N, O-donor) tetra dentate Schiff base ligands, the relative
flexibility of this ligand allows formation of metal complexes to
give a ‘umbrella’ or ‘stepped’ like geometry [52].

In general, the presence of MeO as a donor group in L1, L2
and L3 is caused more stability of their complexes with metal
ions. However MeO in para position to azomethine in L2 makes
more stability than L! and L3 relatively. The presence of
withdrawing group in L* and L5 is caused that these ligands
have a low stability than another, withdrawing groups in 5
position can make reducing the power of hydrogen bonding
and increasing the power of complex formation on the other
hand the effect is caused reducing of complex formation.

4. Conclusions

The complexation of a series of salophnes containing the
different substitutes in various positions to phenolic groups
towards some metal ions has been studied in DMF through UV-
Vis spectroscopy. The absorbance-mole ratio values in
maximum wavelengths of complex or ligand have been
analyzed using KINFIT program to evaluate respective stability
constants and stoichiometry. The synthesized ligands form
complexes with relatively high stability constants with the
metal ions studied. As it is seen from Tables 2, in general, the
stability constants of the most of metal ions with L5 are the
lowest and with the L2 is the largest. This observation refers to
the types and position of substituent such as OCHzand NO-.
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