Degres Journal ISSN NO:0376-8163

Synthesis, Spectral Characterization of Schiff Base of Some Transitional

Metal Ion Complexes, Biological Activity, and Nanoparticles
Uttara M Dalvil-2, Manisha G Kapade !, Pooja P Batawale! & Manohar V Lokhande!*
"Department of Chemistry, Sathaye College (Autonomous), Mumbai-400057, Maharashtra,
India.
2Department of Applied Sciences, St. John Engineering College, Palghar-401404,
Maharashtra, India.
Abstract:
Novel Manganese (II), Cobalt (II), Nickel (II), Copper (II), Zinc (II), and Palladium (II)
Schiff metal complexes were synthesized by the condensation reaction of 4-Bromo-1,2-
diaminobenzene with 4-Bromosalicylaldehyde to get the 5-bromo-2-{[(5-bromo-2-{(Z)-[(4-
hydroxyphenyl) methylidene] amino} phenyl) imino] methyl} phenol. Spectral studies like
FTIR (Fourier transform infrared), UV-Vis (Ultraviolet—Visible), TGA/DTA, SEM
(Scanning Electron Microscope), TEM (Transmission Electron Microscope), EDX (Energy-
dispersive X-ray Spectroscopy), Mass Spectra and ESR (Electron Spin Resonance), were
used to characterize prepared metal complexes. The Conductance measurements, magnetic
moment of complexes, and estimated metal contents have been determined and discussed.
The biological properties of the synthesized compound and their complexes by antifungal,
and antibacterial activity have been studied. The theoretical mass of the Prepared Schiff base
is nearly equal to the prepared Schiff base. UV-Visible spectra of the complexes show, that
they are colour except for Zinc (II) complexes. The parameters, such as the Nephelauxetic
effect, covalence parameter b2, and co-valence (8%) are calculated. The complexes are
covalent. The central metal ions have Six coordination numbers, and the ligand behaves as
bidentate. The SEM, TEM, EDX, and elemental analysis of the complexes, the size of
prepared nanoparticles is 38-84 nm.
Keywords: FTIR, Ultraviolet—Visible, Mass, TGA/DTA, TEM, EDX, and ESR
Introduction:
Schiff base ligands have garnered significant interest from academic researchers in recent
years because of their vast variety of physicochemical properties and varied structural
features. This has prompted researchers to investigate several uses for these ligands. [1-2]
The structural adaptability of Schiff bases, which enables them to be used as asymmetric and
stabilizing agents for a variety of complexes in varying oxidation states, is what initially

sparked interest in them. [3—6] Furthermore, to control the performance of metals in a variety
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of useful transformations, Schiff bases are essential. Dinitrogen and dioxygen donor atoms
facilitate the coordination of tetradentate Schiff base complexes, producing stable complexes.
A few azo-azomethine metal complexes have found widespread application in technology
because of their capacity for energy transfer and photophysical. Thermochromic,
photochromism, electroactivity, and stability make Schiff base compounds ideal
intermediates for a range of applications.[7-10] Several reviews demonstrated that the
metallo-organic chemistry of these compounds has a substantial impact on their biological
behaviors, emphasizing the function of metals as catalysts in a range of biological
processes.[11-14] Because of the >C=N- faction planarity of their electrons, higher
electronegative atoms' linked bonding orbitals, and electrons can be adsorbed on metal
surfaces. The findings showed that the Schiff base metal complexes are effective corrosion
inhibitors for mild steel.[15] Tetradentate Schiff base ligands and metal complexes with
methoxy salicylaldehyde and substituted phenylenediamine were synthesized by Kargar and
colleagues. The data show that the complexes have good catalytic activity.[16] The Schiff
base compound's enhanced usefulness nowadays is largely due to its exceptional potency and
ease of production of its azomethine functional group. This molecule is created by a
temperature-controlled catalytic condensation reaction between an active carbonyl group and
a primary amine. Although antimicrobial medicines have demonstrated efficacy in treating
bacterial infections, the development of antibiotic resistance is a significant cause for concern.
Therefore, using state-of-the-art methods in the design and synthesis of novel molecules is
crucial. There 1is a great deal of activity potential in metal complexes.
Schiff base ligands and their metal complexes have significant uses in the electrical,
pharmacological, and biological domains, based on the activities.[17-18] Recently, screening
for subsequent electronic structure-property predictions has been more efficient due to the
acceleration of transition-metal chemistry discovery brought about by advancements in
computational chemistry, molecular modeling, and docking.[19] In this Research Paper, a
novel Schiff base ligand was created using 4-Bromo-1,2-diaminobenzene, 3-
Bromosalicylaldehyde, and their complexed Mn(II), Ni(II), Co(II), Cu(Il), Zn(II), and Pd(II)
ions. The structural characteristics of these ligands were also examined. The ligand and
complexes' antibacterial and antifungal properties.

Material and Methods:

The chemical compounds 4-bromo-1,2-diaminobenzene with 3-bromosalicylaldehyde were
purchased from Sigma-Aldrich and used directly without any purification process. SD Fine

Chemicals supplied metal chlorides and nitrates.
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Synthesis of the Ligand:

The ligand was synthesized by refluxing an equimolar (1;1) ratio of 4-Bromo-1,2-
diaminobenzene, 3-Bromosalicylaldehyde in a 75 mL ethanol solution. A few drops of glacial
acetic acid were added to the reaction and refluxed by using a water condenser for two hours.
After two hours, the coloured precipitate was obtained, then this precipitate was filtered,

washed with hot methanol, and kept for drying at 50 °C in an Oven.

|
2 + / Acetic acid
Br OH H,N

4-bromo-2-hydroxybenzaldehyde 4-bromobenzene-1,2-diamine

Synthesis of Metal Complexes:

The Novel Manganese (II), Cobalt (IT), Nickel (IT), Copper (II), Zinc (II), and Palladium (II)
Schiff base metal complexes were synthesized by a 1:2 (M: L) ratio. In a round-bottom flask,
40 cm® of Ligand 0.1M solution and 20 cm® of Metal Chloride/Nitrate 0.01M solution were
taken and vigorously stirred on a hot plate stirring Machine. The metal-ligand solution then
refluxes for about three hours by adding a few drops of ethanol ammonia solution. After three
hours, the solution was kept in a dark place for about eight hours, and the solid complexes
were obtained. These complexes were filtered, cleaned using ethanol, and dried in vacuum
desiccators. The metal complexes and ligands were soluble in DMSO and DMF solvent.
Synthesis of metal complexes nanoparticles

A metal ion solution and Schiff base ligand were mixed at an equimolar concentration of
0.01M to form the nanoparticles. After four hours of refluxing, the mixture was moved to a
test tube and centrifuged for more than three hours at 6000 RPM at room temperature. The
outstanding solid-coloured crystals were formed. These crystals were separated, dried, and
then stored in a sealed container at room temperature. These nanoparticles were used for
characterization.

Results and Discussions: The resultant ligand has a sharp melting point and is coloured, as
are its tetradentate complexes. The produced compounds dissolve easily in DMSO and DMF.
The calculated values for the complexes can be used to confirm the structure, and the

amounts of Manganese (6.93%), Cobalt (7.39), Nickel (7.37%), Copper (7.93%), Palladium

Volume 10 Issue 3 2025 PAGE NO: 70



Degres Journal ISSN NO:0376-8163

(12.60 %), and zinc (8.148%) determined by volumetric methods and AAS used for the
analysis of for Pd(II).

Equi-Tronics digital conductivity is used to evaluate molar conductance in DMSO solvent.
Complexes' magnetic characteristics were examined and compared to existing literature [24-
26 21-23], indicating that they had an octahedral geometrical shape. All complicated recipes
have ionic neutral molar conductivity. The magnetic characteristics and molar conductivity
findings for each combination are shown in Table-1. The magnetic properties of the
complexes were analyzed and contrasted with previous research, revealing an octahedral
geometrical structure. The molar conductivities of all the complexes are ionic neutral. The
molar conductivity, physical measurements, Magnetic moment, and relative quantities of CN
for MnL,, NiL,, CoL,, Cul,, PdL,, and ZnL; are given below in Table 1.

Table -1: Analytical and Physical Data (* Experimental)

Complexes/Ligand MP/DP°C | C% * | N%* M%?* | Conductivity | petrt BM
(CooH13Br3N20») 210-213 | 42.19 7.57 - - -
[MnC2oH11BrsN202.2H>0] | 248-251 |39.39 | 7.07 6.93 7.2 5.20
[Ni CooH11BrsN202.2H,0] | 255-258 | 39.19 | 7.03 7.37 5.5 3.23
[CoC20H11BrsN202.2H,0] | 257-260 | 39.18 | 7.03 7.39 5.9 4.45
[CuC2oH11BrsN20,2.2H,0] | 272-275 | 38.95 |6.99 7.93 4.4 2.10
[ZnCoH11BrsN20,2.2H>0] | 280-283 | 38.86 | 6.97 8.14 4.8 0.00
[PdC20H11BrsN202.2H>0] | 287-290 | 36.98 | 6.63 12.60 2.0 -

Infrared Spectra of Ligand and Complexes

The infrared spectra of the ligand and the metal complexes were recorded. The infrared
spectral bands of the free ligand and its metal complexes are listed in Table 2 below, along
with the assignments that go with them. Due to interaction with metal ions, the ligand's v(OH)
at 3345 cm’! band was visible in the ligand but not in any of the complexes. This implies that
one of the phenolic-OH groups was deprotonated during the coordination phase and that the
complex formation involved the phenolic-OH group. The vHC=N-(imino) bond was detected
in the Schiff base ligand at 1640 cm™'; however, the complexes showed this band moving
between 1610 and 1620 cm™ as a result of complex formation with the Schiff base and metal
ions. The prominent band at 1615 cm™! in the infrared spectra of the Schiff base ligand is
caused by the other azomethine group -HC=N- frequencies. All metal complexes have an
imino group linked to metal ions in their infrared spectra. The band corresponding to v(-
HC=N) in the IR spectrum of the free ligand shifted from 1610-20 cm™' to a lower
wavenumber by 15-25 cm™! in the IR spectra of the metal complexes, indicating the presence
of the nitrogen atom in the azomethine group interacting with the metal ion [20-22]. The IR

spectrum data suggests that the Schiff base ligand coordinates with the metal ions in a mono-
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deprotonated form through two azomethine-N and phenolic-O centers, acting as a bidentate.
The metal-ligand bonding was confirmed by the newly formed bands in the complexes'
infrared spectra at 520-528 and 432-440 cm !, which were attributed to the metal-oxygen and
metal-nitrogen vibrations, respectively [23-24]. Two new broad bands for coordinated water
molecules are seen in IR spectra at 3430-3445 cm™ and 3490-3510 cm™! [25].

Table 2: FTIR of Schiff base ligand and metal complexes

L/Complexes vOH | vHC=N | vH20 | vH:0 | vHC=N | yM-O | vM-N
(C20H13Br3N20») 3345 1615 - - 1640 - -
[MnCyoH11BrsN202.2Hx0] | - 1602 3445 3498 1630 522 438
[Ni C20H11BrsN202.2H,0] | - 1605 3440 | 3494 1624 520 434
[CoC20H11Br3N202.2H>0] | - 1610 3430 | 3490 1628 522 432
[CuC20H11BrsN202.2H,0] | - 1604 3438 3504 1625 528 435
[ZnCo0H11BrsN202.2H20] | - 1601 3440 | 3510 1627 523 440

Electronic Spectra and Magnetic Susceptibility: The Bohr magneton ( BM) is a unit used
to measure the strength of an electron's magnetic field. The magnetic moment of an ion is
calculated using the formula p=n(n+2) BM, where ‘n’ is the number of unpaired
electrons. The presence of unpaired electrons in an ion makes it paramagnetic, which attracts
it to a magnetic field. The first transition series of elements includes transition metals that
form coloured ions and compounds. The magnetic moment values (B.M.) and electronic
spectrum data for the Mn (II), Co (II), Ni (II), and Cu (II) complexes are shown in Table 3.
At ambient temperature, the electronic absorption spectra and magnetic moments of the metal
complexes under investigation were measured in DMSO (107> M). The electronic spectra of
the Mn (II) complex showed one absorption band at 581 nm because of the Az — “T24(G)
transition in an octahedral shape. The magnetic moment value of 5.20 B.M. for the Mn(II)
complex verified its octahedral geometry[26]. The Co (II) complex showed a characteristic
band at 575 nm, which could be related to the octahedral *T4(F)— *Ax(F) transition. Three
unpaired electrons in an octahedral configuration were suggested by the magnetic moment
value of 4.45 B.M [37]. In an octahedral stereochemistry, the Ni (II) complex electronic
spectra showed three bands at 455,530 and 650 nm that correlated to the d 3A2;=>3Tag,
3A2(F)> 3Tig(F), and 3Aje(F)> 3Tie(P) transitions, respectively. The magnetic moment
value indicates the octahedral geometry surrounding the Ni (II) ion, which is 3.23 B.M [28].
Two bands at 605 and 660 nm in the Cu (II) complex's electronic spectra are ascribed to the
’B'®-2Eg and *Biy— ’Ba, transitions, respectively. One unpaired electron in an octahedral
structure is indicated by the magnetic moment value of 2.10 B.M [29]. It was discovered that
the current Cu (II) complex has a relatively high magnetic moment value of 2.04 B.M. This

observation implies a spin-spin ferromagnetic coupling interaction, where the magnetic
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moment value is higher than expected because the spins of the two unpaired electrons in the
two adjacent Cu (II) ions are in the same direction and their moments are parallel to one
another. Zn (II) is a colourless solution and is diamagnetic.

Table 3 : Electronic Spectra and Their Parameter

Complexes Bands (nm) B 1-B 1 b!? 5%
[Ni C20H11Br3sN202.2H>0] | 455,530,650 | 0.9650 | 0.0350 | 0.0180 | 0.0935 | 1.8341
[CoC20H11BrsN202.2H20] | 575 0.9755 |0.0245|0.0127 | 0.0790 | 1.2711
[CuC20H11Br3sN202.2H20] | 605,660 0.9730 | 0.0270 | 0.0137 | 0.0821 1.3771

Electron Spin Resonance spectra

Powdered Co(II) and Cu(Il) complexes' ESR spectra were captured at ambient temperature.
The hyperfine interaction with the nuclear spin of *’Co caused the Co(Il) complex's ESR
spectrum to show a single signal split into eight lines. The Co(II) complex has a garr- value of
2.0122. The covalent nature of the link between the Co(II) ion and the ligand is suggested by
the positive departure from the free electron value (2.0022) [ 30]. Two signals with two
distinct g-values, 2.109 and 2.049 for g i1 and gL, respectively, and gay = 2.089 are visible in
the Cu (II) complex's X-band ESR spectrum. The analyzed Cu (II) complex has an octahedral
geometry, according to the form of the ESR spectrum with the g-tensor values [31]. g n >
gl >2.0023, indicating that the unpaired electron is located in the dx*-y? orbital, resulting in
the ground state being >B'¢ [32]. The covalent character of the Cu-L bond is shown by a gn
value < 2.3 [33]. The formula for calculating the exchange interaction term (G) is G =
(gn—2.0023)/(gL —2.0023). If G>4.0, the local tetragonal axes are parallel or slightly
misaligned, but if G <4.042, there is a considerable exchange coupling and misalignment.
The exchange coupling effects between Cu (II) centers were active in the current Cu (II)

complex43, as shown by the calculated G-value of 1.94 for the Cu (II) complex.
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Figure 1: (A) UV-VIS of Ni(I) Complex , B) ESR of Co(II) Complex
SEM, TEM and EDX: The complexes' SEM, TEM, and EDX micrographs are displayed

beneath the pictures. These molecules' SEM and TEM pictures show a granular arrangement
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with a spherical structure [34-35]. The produced complexes had particle sizes ranging from
38-84 nm. The complex contains corrected components found in prepared complexes,

according to EDX analysis.
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Figure 2: EDX, SEM, and TEM of Mn (II) Complex
Thermal analysis:
Thermogravimetric and differential thermal analysis results of [NiC20H11Br3N202.2H>0] and
[PtC20H11Br3N202.2H20] are reported. These complexes are thermally stable at room
temperature and decompose in different stages. Complexes lose weight due to exothermic
and endothermic processes [36].
[NiC20H11Br3N202.2H20] complex:
Two coordinated water molecules and some portion of the chelate are lost in the temperature
range of 30 to 195°C, according to a thermal analysis study of the Ni** complex. The TGA
analytical curve yields an experimental percentage loss of 14.15. The theoretical % loss value

and this amount are comparable. At this range, the differential thermal analysis peak is

endothermic. The complex is mostly lost at temperatures between 250 and 520°C. The
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Thermo gravimetric analysis curve yields the experimental percentage loss, which is 23.15.
The theoretical % loss values and the experimental percentage loss value are comparable. The
Figure shows that the differential thermal analysis peak is exothermic. Finally, we get the

metal oxide in the temperature range 700 to 900°C.
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Figure-3: TGA/ DTA of [NiC20H11BriN202.2H20] & [PtC20H11Br3N202.2H20]
[PtC20H11Br3N202.2H20] complex:
Pt** complex weight loss occurs in four stages, according to thermal analysis. Two
coordinated water molecules and some portions of the complex are lost in the first stage,
which occurs at temperatures between 30 to 190°C. Based on the TG curve, the experimental
percentage loss is 14.28. The DTA peak at this range is endothermic, and it is comparable to
the theoretical % loss amount. A portion of the complex is lost in the second stage, which
occurs at temperatures between 190 to 310°C. The likely leaving groups are C¢HsNBr. The
majority of a chelating agent is lost in the third stage between 320 to 490 degrees Celsius.
The TGA curve yields the experimental percentage loss of 22.98. The theoretical percentage
loss value of 23.10 is comparable to the experimental percentage loss value. Exothermic is
the apex of the differential thermal analysis. Most of the portion of ligand that was lost is the
most likely remaining component of a complex in this temperature range. Platinum oxide is
formed in the last stage at temperatures between 510 to 900 degrees Celsius.
Mass Spectra of Schiff Base and Complexes:
At room temperature mass spectra of the ligands and metal complexes are listed in the below
table. The Cu (II) complex has a theoretical mass of m/z = 650.60. In a similar vein, the
molecular weight of the Zn (IT) complex is m/z = 652.44, but the molecular peaks of the Cu
(IT) and Zn (IT) complexes appear at m/z = 651.48 and 653.48, respectively, which correspond
to [M+1]. The complexes' structure is supported by these summits. The various molecular ion

peaks that emerged in complex mass spectra are explained by the metal complex molecule's
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fragmentation, which was caused by the breaking of several internal bonds and subsequent
degradation that produced numerous additional significant peaks as a result of the production
of different radicals.

Table-4: Mass spectra of the Schiff bases and complexes

Ligand/Complex Expected m/z | Found m/z Peak assigned
(C20H13Br3N20») 553.04 552.97 M
[MnC20H11Br3sN202.2H»0] 642.00 641.94 M

[Ni C20H11Br3sN202.2H20] 645.75 645.45 M
[CoC20H11Br3sN202.2H>0] 645.99 645.95 M
[CuC20H11B1r3N20,.2H,0] 650.60 651.48 M+1
[ZnC20H11Br;N202.2H20] 652.44 653.48 M+1

Microbial activity

Using the agar gel diffusion method, the preparation of Schiff Base and its metal (II)
complexes were tested in vitro for their antibacterial activity against two strains of Gram-
positive bacteria, B subtilis and S aureus, and two strains of Gram-negative bacteria, S
flexenari and P aeruginosa [37]. The plates were incubated for 24 hours at 37°C right away.
The diameter of the zones exhibiting total inhibition (mm) was used to calculate activity. The
conventional medication and growth inhibitions were contrasted [38]. Separate tests using
DMSO solutions alone were conducted to elucidate any potential involvement of DMSO in
biological screening; however, they demonstrated no activity against any bacterial strains.

The results were recorded as zones of inhibition in mm and were compared with standard

drugs.
Table 5: Microbial activity
B subtilis S aureus S flexenari P aeruginosa

(C20H13Br3N20») 14 16 12 12
[MnC>0H11Br3sN>02.2H>0] 16 20 14 14

[Ni C20H11BrsN202.2H,0] 18 18 16 16
[CoCooH11B13N20,.2H,0] 19 21 17 17
[CuC20H11BrsN202.2H,0] 21 23 19 17
[ZnC20H11Br3sN>0,.2H»0] 23 22 20 18
[PtC20H11Br3N20,.2H,0] 24 22 19 21

(10 & less: very weak; 10 & above: weak; 15 & above good; 20 & above: very good)
Conclusions
Schiff base has been synthesized, along with its metal complexes of Mn (II), Co (II), Ni (II),
Cu (II), Zn (II), and Pt (IT). These complexes were characterized by various spectral analyses,
it was discovered that each one had a metal-ligand stoichiometry of 1:1. All of the complexes
are naturally non-electrolytes. Through the nitrogen atom of the anilino and the oxygen atoms

of the hydroxyl group of the 5-bromo-2-{[(5-bromo-2-{(Z)-[(4-bromo-hydroxyphenyl)
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methylidene] amino} phenyl) imino] methyl} phenol, the ligand functions as a neutral and
monodentate coordinating agent, according to the spectrum data. All of these complexes are
classified as having an octahedral geometry based on spectral, magnetic, molar conductance,
and analytical data. The size of prepared NPs is between 38 to 84 nm. Additionally,
antimicrobial studies show that the metal complexes are more effective antibacterial agents
than Schiff bases.
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