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ABSTRACT

In the present study, we have reported the synthesis of a novel thiophene-based dipodal
chelator ligand MPT (N1, N3-bis(3-((E)-thiophen-2-yl)methylene)amino)propyl)malonamide). Further,
the physio-chemical properties of as-synthesized ligand was analyzed employing state-of-the-art
characterization tools such as 'H NMR, *C NMR, and IR spectroscopy. In order to calculate the
protonation constant for the ligand MPT and formation constants for the ligand MPT with Fe?*
metal ion potentiometric and spectrophotometric analysis were carried out. Further, to analyze the
coordination behavior of the ligand MPT with Fe?* metal ion at room temperature in a highly aqueous
medium spectrophotometric analysis was carried out. On the other hand, the theoretical studies for
the ligand MPT and its complex with Fe?* ion were performed employing a semi-empirical method
and density functional theory. Further, the structure optimization of the ligand MPT was obtained
using the PM6 parameter and B3LYP/6-311(d,p) level for ligand and DGDZVP for metal complex

calculations respectively.

Keywords: Chelate, Potentiometric, Spectrophotometric, DFT, Stability constant,
Sensing, Schiff’s base.

INTRODUCTION

Iron, being one of the most important
elements for human plays a vital role in regulating
the smooth functioning of major metabolic pathways/
functions in the body such as oxygen transport, DNA
synthesis, enzyme catalysis, electron transport, and

other metabolic processes'. It is an established fact
that human health is affected both due to deficiency
and over exposure to various elements2. Specifically,
deficiency of iron in the human body leads to a
grievous disease called anaemia3. It occurs either
when the number of RBCs is found low in blood
count or when blood cells have a lower amount
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of haemoglobin®. It has been seen that deficiency
of Fe in either minor or moderate numbers can
lead to various functional abnormalities which can
severely affect the cognitive development, working
capacity, and immunity mechanisms of a person®”.
Further, it has also been seen that iron deficiency
during pregnancy can affect both mother and infant
and can be associated with an increased rate of
sepsis, low birth weight and maternal mortality®. Iron
deficiency and anemia are associated with high rates
of morbidity and can also reduce learning ability®.
Irrespective of its adverse effect, this deficiency
can be cured by proper diet and iron supplements®.
However, it has also been found that iron overload
leads to a condition called hemochromatosis, which
causes an increase in the total accumulation of
Fe in the human body and induces cytotoxicity™.
Further, it has been seen that toxicity caused by Fe
is commonly spotted in people with genetic disorders
related to Fe metabolism and patients with blood
transfusions''. Furthermore, it has also been seen
that over concentration of Fe can cause heart failure,
chronic liver disease, dysfunction of major metabolic
pathways leads to overexpression of various thyroid
related hormones like T3, T4 and thyroid stimulation
hormone TSH resulting in fatigue, hair loss and
infertility, arthritis, and hyperpigmentation (bronze
skin) issues in human body'2'. It has also been
seen that the toxicity of iron can lead to various
neurological dysfunction which certainly results in
Alzheimer's disease'. Iron overload can be treated
by reduction therapy which is mainly achieved by
means of K therapeutic phlebotomy'3-'6. In the case
of patients that can't tolerate therapeutic phlebotomy
due to their haemoglobin levels, an alternate therapy
is iron chelation therapy'”.

Schiff bases, owing to their ability to
coordinate with metal ions to form stable complexes,
have found wide applications in the field of
coordination chemistry'®. In the past few years, Schiff
bases have emerged as a versatile tool for sensing
various metal ions due to their unique physiochemical
properties like high chemical selectivity, enhanced
complexation capability, and stability'®. Many groups
have reported the Schiff base-based fluorescent
sensors for selective detection of various metal
ions like Fe?*, Zn?*, Ni%, Co*", Au®+, Cu?* etc.?° In
order to design novel Schiff bases and to test their
ability to sense the specific metal, there is a critical
need to first theoretically access their interactions

with desired metal ions. Therefore, it becomes
imperative to first test the theoretical interactions of
desired Schiff base with specific metal ions using
computation methods like density functional theory
(DFT) and then systematically design their synthesis
employing chemical transformations?'.

In the present study, we have designed
and synthesized a novel thiophene-based dipodal
chelator ligand MPT (N1, N3-bis(3-((E)-thiophen-
2-yl)methylene)amino)propyl) malonamide and
investigated its physicochemical characteristics
using advance spectroscopic techniques. The
complexation capabilities of ligand MPT with Fe2*
ions were demonstrated on the virtue of formation
constant employing spectrophotometric and
potentiometric techniques. Further, in order to
support the synthesis of stable MPT-Fe?* complex,
the structures of MPT and MPT-Fe?* complex were
theoretically optimised using semi-empirical and
DFT analysis. Further, theoretical insights were
developed by analyzing the HOMO-LUMO energies
of the proposed optimized structures of ligand MPT
and MPT-Fe?* complex. This study aims to provide
the fundamental basis for the complex formation
tendency of ligand MPT with Fe?* ions for various
industrial, environmental and biological applications.

MATERIAL AND METHODS

All the chemicals were of ultra-high purity and
of laboratory grade. DMSO was purchased from Loba
Chemie, while Fe salt was procured from Rankem.
For preparation of solutions ultra-pure MilliQ water
was used with a molar resistivity of 18.2 MQcm. For
potentiometric titrations, a mixture of H,0:DMSO (9:1,
v/v) was used. Further, for optoelectronic analysis
of synthesized complexes, Thermo Scientific made
Model: Evolution 201 UV-Vis Spectrophotometer
with high-quality quartz cuvettes were used. Further,
Thermo Scientific made a pH meter model: Orion
star A111 with Ross made Ultra-electrode model,
8102BNUWP employed to carry out potentiometric
titration analysis. All the electrodes were first calibrated
by standard method using buffer solutions.

Synthesis of ligand MPT

The first step is the formation of the
intermediate of the ligand MPT. It was prepared
by carrying out a nucleophilic substitution reaction
between diethyl malonate and propylene as per
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standard literature method?2. Further, condensation
reaction was carried out to prepare ligand MPT.
Briefly, a 10 mL solution of thiophene aldehyde
(4.67 g, 0.01156 moles) in ethanol was added
dropwise to 25 mL solution of the intermediate
compound (1 g, 0.0046 moles) in absolute ethanol
with magnetic stirring at 45°C in an inert atmosphere.
On stirring the mixture at 1000 rpm for 2 h, a faded
yellow color precipitate of ligand MPT were formed.
The obtained precipitates were carefully separated
using the rota-evaporator (Buchi Rotavapor R-210),
followed by washing with cold ether. Further, the
filtered precipitates were dried in a vacuum, and
the melting point of dried precipitates was analyzed
and found to be 177°C with a practical yield of 71%.

Molecular Modelling

All the theoretical studies were carried
out on 11th Gen Intel® Core™ processor model:
i7-11700K@3.60 GHz by using Gaussian 09
software?®. Molecular structures were optimized
by using the semi-empirical method and the DFT
method. Further, the PM6 parameter and B3LYP/6-
311(d,p) level for ligand and DGDZVP for the metal
complex were used for performing calculations. After
geometry optimization, the calculation of vibrational
frequencies was carried out at the same level as
the theory for verification of the true minima of the
obtained structures.

RESULT AND DISCUSSIONS

Design and Synthesis

The synthesis of the ligand MPT was
done as shown in Scheme 1. The ligand consists
of three domains-diethyl malonate (central unit),
propylene diamine (spacer), and thiophene (binding

units). The binding units were attached to the diethyl
malonate via propylene diamine through an imine
(-N=CH) and an amide (-NH-CO-) linkage. Briefly, a
two-step reaction was performed for the synthesis of
the dipodal chelator ligand MPT, where the first one
is nucleophilic substitution mechanism followed by
condensation to give the final product.

In the first step, a reaction was carried out
between diethyl malonate and propylene diamine to
obtain an intermediate product, through nucleophilic
substitution reaction. The compound formed was
water soluble and sensitive to air as well as moisture.
Further, spectroscopic analysis was carried out to
study the physio-chemical characteristics of the
synthesized compounds. In Fig. 1 the IR spectra for
the as-synthesized compound reveal the appearance
of a peak around 1633 cm' that can be attributed to
the presence of amide (-NH-CO-) bonds. Further, the
appearance of peaks around ~3290 cm™ and ~1546
cm corresponds to N-H stretching to N-H bending
modes of vibration respectively. These results
confirm the incorporation of spacer (propylene
diamine) moieties through an amide linkage in
the synthesized compound. Further, as per the
second step, a condensation reaction was carried
out in order to bind thiophene to the intermediate
compound formed in the previous step. Briefly, the
condensation reaction of the intermediate compound
was carried out with thiophene aldehyde moieties
in an ethanol medium at room temperature. Finally,
the obtained precipitates were washed, filtered, and
dried in a vacuum. The melting point of the finally
dried compound was found to be 177°C. Further,
the structural analysis of the synthesized MPT
complex was carried out employing state-of-the-art
spectroscopic techniques.

Scheme 1. Chemical reaction involved in the synthesis of ligand MPT carried out in an inert atmosphere by purging
nitrogen gas. (where pn refers to the propylene diamine)
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Physico-chemical analysis
FT-IR analysis

In order to determine the functional groups,
present in the MPT complex, FT-IR spectroscopy
analysis was carried out. Briefly, the spectrum was
recorded in the form of a KBr pellet in transmission
mode within the Mid-IR range (4000 to 400 cm-'). as
depicted in Fig. 1. The appearance of a sharp band
of strong absorption around ~1633 cm™ for v(-C=0)
can be inferred from the presence of an amide bond
formed by the condensation of amino and ester
functionalities. Further, the appearance of absorption
bands around~ v = 3292 cm™(due to NH stretching)
and v=1545 cm™ (due to NH Bending) reveals the
presence of an amide group in the intermediate
molecule. Further, observation of another band
around ~v=1639 cm"' corresponds to the presence
of azomethine functionality or -N=CH- group, that
was formed by condensation of the intermediate
amine and thiophene aldehyde. Lastly, observation
of a band around ~712 cm™ can be inferred from the
presence of the -CH thiophene group.

Fig. 1. Infra-red spectrum of ligand MPT: the appearance
of characteristics stretching band ~3290 cm' and ~1633
cm signifies the presence of amide and carbonyl groups
respectively

H-NMR Analysis

In order to determine the chemical
structure of the synthesized ligand MPT, 'H-NMR
spectroscopy was employed. Fig. 2 reveals the
'H NMR of the ligand MPT for determining the
chemical environment and chemical structure, when
recorded in the DMSO solvent. Briefly, a total of nine
different kinds of protons and signals appeared in
the spectrum. The appearance of different signals
in the '"H NMR (DMSO-d6) spectra is as follows: &
3.0 (t, 4H, HN-CH,-CH,), 1.5 (m, 4H, CH,-CH,-CH,),
3.5 (s, 2H, OC-CH,-CO), 7-7.5 (m, 6H, thiophene
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H), 3.1 (t, 4H, CH,-CH,-NH), 8 (2H, -HC=N-), 8.3
(2H, -C-NH). It has been depicted from Fig. 2 that
the observation of multiplet signal around ~ 1.5
ppm corresponds to the central methylene group
(-CH,-) of propylene diamine moiety. Triplet signals
appeared around ~3 and 3.1 ppm, corresponding
to the -CH, group adjacent to the amide group and
imine group, respectively. Further, the appearance
of most deshielded singlet signals at 3.5 ppm can
be inferred due to the methylene group of the central
unit. As this unit is present between two carbonyl
moieties, therefore its signal gets deshielded. All
the aromatic protons appear in the range from 7-8.5
ppm. Firstly, the appearance of three signals in the
range of 7 to 7.5 ppm can be attributed to protons
present on the carbons of thiophene ring. Further,
the presence of signals around ~8 ppm and ~8.3
ppm corresponds to -HC=N imine group and -C-NH
groups respectively

Fig. 2. 'H-Nuclear magnetic resonance spectroscopy of
ligand MPT; for better visualization, spectrum was
zoomed in and shown in the inset

3C NMR Analysis

'H NMR (DMSO-d6): & 3.0 (t, 4H, HN-
CH,-CH,), 1.5 (m, 4H, CH,-CH,-CH,), 3.5 (s, 2H,
OC-CH,-C0O), 7-7.5 (m, 6H, thiophene H), 3.1
(t, 4H, CH,-CH,-NH), 8 (2H, -HC=N-), 8.3(2H,
-C-NH). '*C NMR (DMSO-d6): & 43 (OC-CH,-CO),
31 (CH,-CH,-CH,), 37 (HN-CH,-CH,), 166 (OC-CH,-
CO), 59 (CH,-CH,-NH), 157 (-N=CH). IR spectrum
(KBr pellet): 3290, 1639, 1633, 1546, 712.

Carbon skeletal of the ligand MPT was
investigated by '*C NMR spectrum recorded in
deuterated DMSO as shown in Fig. 3. Briefly,
the appearance of the signal at 166 ppm can be
attributed to the carbonyl group of the central unit.
Further, observation of signals at 157 ppm indicate
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towards the carbon of imine (-N=CH) functionality.
The appearance of two signals around ~59 and
~37 ppm corresponds to the two methylene groups
adjacent to imine (-N=CH) and amide functionalities
respectively. Another signal was observed at 43 ppm
corresponding to -CH, group of malonate moiety.
This signal appeared as the most deshielded one,
in comparison to other methylene groups, due to
the presence of two carbonyl moieties adjacent to
it. Further, the appearance of a signal at 31 ppm is
due to middle -CH, units of the spacer.

Fig. 3. '*C Nuclear Magnetic Resonance Spectrum
of MPT recorded in deuterated DMSO solvent

Protonation Behaviour of Ligand MPT

In order to calculate the value of the
protonation constant for ligand MPT, both
potentiometric and spectrophotometric titrations
were performed according to the standard
protocols?*. Briefly, for potentiometric titration
of ligand MPT of concentration, [MPT] = 1x10*
M in a solution made of H,0: DMSO (99:1), a
measured amount of 0.1 M HCI was used against
0.1 M KOH at the temperature of 25+1°C. Further,

M = 0.1 M KCI is used to maintain the ionic
strength of the solutions, and pH was varied in
the range of 2-11 to carry out the whole titration.
Fig. 4 reveals the pH-dependent potentiometric
titration curve for free ligand MPT and MPT-
Fe?* complex, respectively. The potentiometric
titration curve obtained for the ligand MPT
exhibits two inflection points: one at x=1 and the
other at x=1.1, where x is the volume of base
(KOH) used in mL. Further, in order to calculate
the protonation constant value for ligand MPT,
the obtained data points from Fig. 4 were also
analysed by using HYPERQUAD program,
after a refinement process and were best fitted
according to a defined model®. Theoretically, it
was hypothesized that the protonation reaction
of the ligand MPT should follow the behavior
according to eq. 1, where the value of K , signifies
the theoretical value of the protonation constant.

(1)

After analyzing the reaction in eq.1, all
associated equilibrium constants were determined.
Further, after theoretical analysis of MPT structure,
it was found that a total of 8 protonation sites could
be possible for the ligand MPT, in which two sites
are for each of the imine and amide groups whereas
four sites for thiophene groups respectively. However,
under experimental conditions, the presence of only
4 protonation sites as well as protonation constants
(logB) were observed. The obtained protonation
constant values with preferred sites of protonation
are shown in Table 1.

Table 1: Possible protonation reaction equilibrium at preferred protonation
sites with corresponding Logp value (protonation constant) obtained
through (A) potentiometric and (B) spectrophotometric at temperature
25+1°C, y=0.1 M KCI for ligand MPT

Equilibrium LogP Protonation sites
A B

MPT+H MPTH 10.47+0.04 10.44+0.02 (-SH-) Thiophene Protons
MPT+2H MPTH, 20.02+0.02 20.05+0.03 (-SH-) Thiophene Protons
MPTH,+H MPTH, 26.88+0.03 26.88+0.02 (-CH=NH-) Protons
MPTH,+H MPTH, 28.29+0.02 28.24+0.04 (-CH=NH-) Protons
MPT MPTH_+H -8.85+0.01 -8.89+0.03 Hydrolysis Species
MPTH_, MPTH +H -18.81+0.04 -18.78+0.01 Hydrolysis Species
MPTH,, MPTH +H -29.36+0.03 -29.39+0.04 Hydrolysis Species
MPTH,, MPTH_+H -40.76+0.03 -40.71+0.04 Hydrolysis Species
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Fig. 4. Potentiometric titration curve of MPT in the
presence and absence of Fe?* metal ion in 1:1
L-M molar ratio

Fig. 5(a). Electronic absorption spectrum of ligand MPT
during spectrophotometric titration as a function of pH
2.0-11.0; B: Electronic absorption spectrum for Fe? -
MPT complex in 1:1 stoichiometry

It was found that the experimentally
obtained potentiometric titration curve did not match
completely with the theoretical curve for high pH
(greater than 9) values. Moreover, it was observed
that at higher pH or in basic conditions, there is no
protonation behavior observed for ligand MPT, rather
there may be a possibility of some other mechanism
and hence only four protonation constants were
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taken into consideration and were shown in Table 1
respectively. A possible explanation for not observing
protonation at all eight possible sites is that the
deprotonation of the amide group could only take
place in highly basic conditions; however, in our
present experimental setup, pH ranges from 2-11,
and hence, these is little tendency for observation of
protonation due to amide groups. On the other hand,
there is another possibility of the formation of the
additional four hydrolyzed species (due to hydrolysis)
viz MPTH,, MPTH ,, MPTH_, and MPTH , at basic
pH conditions. Further, these data points were again
incorporated in the model using HYPERQUAD
program, and best fitted to the experimental curve
after refining. The obtained data indicate towards
the observation of MPT ligand hydrolysis as
the preferred reaction mechanism at higher pH
(i.e. greater than 9) values or in basic conditions,
and the formation of respective species with their
logp values were arranged in Table 1.

Further, the protonation behavior analysis
was examined using spectrophotometric analysis
and compared with the results obtained from the
potentiometric analysis. Fig. 5a, demonstrates the
electronic absorption spectra for the free ligand
MPT, in the varying pH ranging from 2-9. The spectra
were shown only from 240 -600 nm, because after
600 nm spectra were following the same behaviour.
Again, the data points obtained from experimental
absorption spectra were analyzed using HYPSPEC
software, after global fitting of the spectra with the
help of a non-linear least square fitting model®.
Further, on the basis of HYPSPEC analysis, the
presence of both the protonated species (MPTH,
MPTH,, MPTH, and MPTH,) and hydrolysed species
(MPTH,, MPTH ,, MPTH ,, and MPTH ,) were
confirmed. From Fig. 5a, the appearance of two
absorption bands in acidic conditions, at A=266 nm
(e=0.21x10* Lmol'cm-") and A=290nm (¢=0.15x10*
Lmol-'cm) corresponds to n— n* and n—»n*
transitions respectively for the ligand MPT. After
changing the pH of the solution from acidic to basic,
there is an observation of a hyperchromic shiftin the
absorption bands for ligand MPT. Mathematically,
the value of ¢ for the band A=266 nm is increased
to €=0.23x10* Lmol'cm™" and for the second one at
A=290 nm is increased to £¢=0.17x10* Lmol'cm-'.

Further, we have analysed the data points
obtained from spectrophotmetric analysis in HYSS
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software in order to determine the distribution of
different species with respect to pH. On observing
species distribution curve of the ligand MPT, it can
be clearly seen that at pH 2, MPTH, species exists
whereas at pH 4 and pH 8, MPTH, and MPTH, species
are predominantly seen respectively. At pH 9.5, LH
species is formed. On further increase in pH, hydrolysis
species are observed as shown in Figure 6.

MPT-Fe2*

100

|(b)

8

-]
[=]
|

8

N
(=]
|

% Formation relative to ligand MET (L)

[=]
w

Fig. 6. Species distribution curve of (a) free ligand
MPT and (b) MPT-Fe?* Complex

Fe-MPT Complex Formation Analysis

After the calculation of protonation
constants for the ligand MPT, formation constants
for the metal-ligand complex were also investigated
employing the potentiometric and spectrophotometric
analysis. Fig. 4 depicts the potentiometric curve as
per varying pH for Fe-MPT complex (1:1) where [Fe]
=[MPT]= 1x10* M at temperature 25+1°C and ionic
strength 0.1 M KCI. The deviation of the Fe-MPT
curve from the ligand MPT curve near pH 4 indicates
towards the possibility of coordination of ligand
MPT with Fe?* ion. After pH>9, turbidity appeared
as a result of hydrolysis, so the data points for the
Fe-MPT complex were not taken into consideration
above pH>9. Further, formation constants for the
metal-ligand complex were calculated by using
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the protonation constant of the ligand, as shown
in Table 2. Also, in order to access the possibility
of different the metal-ligand species formed during
potentiometric titrations, HYPERQUAD 2006
program was used.
Table 2: Formation constants of Metal Ligand
complex obtained through (A) potentiometric and

(B) spectrophotometric method at temperature
25+1°C, y=0.1 M KCI

Equilibrium Log B
A B
Fe+MPT FeMPT 22.11+ 0.02 22.15+0.03
Fe+MPTH, FeMPTH, 33.39+ 0.03 33.36+0.02

Further, in order to study the coordination
behavior of the ligand MPT with Fe?* ion, where
Fe: MPT is 1:1, [Fe]=[MPT]=4x10“ M at temp
25+1°C with increasing pH 2-9 and py=0.1 M KCI
spectrophotometric method was employed. After
pH 9, hydrolysis occurs in the metal-ligand complex
system. As a result, data points to pH 9 were
taken into account. Fig. 5b, reveals the electronic
absorption spectra for Fe?*- MPT complex under
pH ranging from ~3-10. It was observed that
under acidic conditions, two bands for Fe?*- MPT
complex at A=263 nm with £¢=0.39x10* Lmol'cm™’
(r—m* transition) and A=290nm with £=0.31x10*
Lmol'cm™ (n—z* transition) were appeared. After
changing solution conditions from acidic to neutral,
i.e.at pH=7, a hyperchromic effect was observed for
both absorption bands. The first band appears with
absorbance ¢=0.44x10* Lmol'cm, and the second
band with £=0.34x10* L mol-'cm-, indicating the role
of pH in modulating the relative molar absorptivity
of the ligand metal complex. On further increasing
the pH, absorbance decreases (hypochromic
effect) with £€=0.38x10* Lmol'cm™" and ¢=0.29x10*
Lmol'cm- for the first and second band respectively
indicating towards a reduction of band gap. Further,
the computer program HYPSPEC was used for
establishing the metal ligand species formed during
spectrophotometric titrations.

Further, HYSS software was utilized in
order to analyse the different species formed as a
function of pH. Fig. 6b demonstrates the species
distribution curve of the Fe-MPT complex at different
pH. It was found that at pH 5, MPTFeH, species
dominate, whereas at pH 6.5 formation of MPTFe
species occurs predominantly. Further, it was found
that on increasing pH beyond neutral conditions, the
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formation of hydrolysis species MPTH , and MPTH,
appeared preferentially.

Molecular Modelling and DFT Analysis

For optimization of the preliminary
structures of ligand MPT and Fe2* -MPT complex,
we have employed the molecular mechanics (MM)
method and again re-optimized the geometries
by a Semi-empirical method using the PM6
parameter. Further, in order to obtain the minimal
strain energy structure for ligand MPT and Fe?*
-MPT complex, the pre-optimized structure by the
semi-empirical method was again re-analyzed
by Density Functional Theory (DFT) employing
B3LYP/6-311(d,p) level for ligand and DGDZVP
for the metal complex of approximation. In order to
ensure the possibility of energy minima geometries,

Fig. 7. Optimized structures of (a) Ligand and

(b) Iron complex by semi-empirical/PM6

Figure 8 demonstrates the optimized
electron distribution density on HOMO and LOMO
structures for both of ligand MPT and Fe-MPT
complexes, respectively. It was depicted from the
structures that electron density was specifically
distributed around the thiophene side groups of
the ligand MPT. On the other hand, there is an
appearance of electron density distribution around
thiophene side group as well as the spacer moieties
present in the Fe-MPT complex. Further, the relative
energy gap between HOMO-LUMO for free ligand
MPT is 4.713 eV; on the other hand, that for Fe-MPT
complex is 2.626 eV, indicating the enhanced stability
of Fe-MPT complex as compared to free ligand
MPT. Therefore, from the experimental as well as
theoretical analysis of the complexation behavior of
ligand MPT, it can be inferred that the synthesized
ligand MPT shows enhanced interactions with Fe?
ions and forms stable complex. This study provides
the foundation basis for the application of ligand

the ligand MPT and its complex with Fe?*, the
frequencies were calculated using DFT, and the
absence of any imaginary frequencies ensures the
full optimization of the geometries of ligand MPT
and Fe? -MPT complex. All the calculations were
carried out in the gaseous phase. Fig. 7 reveals the
optimized structures of the ligand MPT and Fe?*
-MPT complex. It was calculated that the energy
of Fe-MPT complex is E= -3167.83 a.u. and that
of MPT is E=-1904.63 a.u. Lower energy value for
the Fe-MPT complex indicates towards the greater
stability of Fe-MPT complex. Further, using the
same theoretical approximations, frontier molecular
orbitals (FMQ's) for both ligand MPT and Fe-MPT
complex were analysed, and their respective
structure with relative electron distribution densities
are shown in Figure 8.

Fig. 8. Frontier molecular orbital representations of (a) ligand
MPT and (b) MPT-Iron complex with their respective energy gap
MPT for enhanced sensing of Fe* ions through
complexation in various industrial, environmental
and biological systems.

CONCLUSION

In this study, we have reported the synthesis
of novel thiophene-based dipodal chelator MPT.
Further, the physicochemical characteristics of
the ligand MPT have been analyzed employing
advanced spectroscopic techniques like 'H NMR,
C NMR and IR spectroscopy. The protonation
constant of the ligand MPT and the formation constant
of the Fe-MPT complex were calculated using the
potentiometric and spectrophotometric techniques.
Results indicate the high binding constant (logp =
33.39) for effective encapsulation of Fe?* by dipodal
chelator MPT in 1:1 stoichiometry. Further, the DFT
studies indicate the lower energy of the Fe-MPT
complex as compared to the ligand MPT itself, which
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suggests the enhanced stability of the Fe-MPT
complex with a distorted tetrahedral geometry. The
excellent binding ability of the ligand MPT towards iron
enables it to find applications in metallurgy, chelation
therapy, and sensing technology.
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