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Preparation and characterization of some transition metal
complexes Co(II), Ni(II), Cu(II), and Zn(II) with a Schiff
base ligand and study of their biological activity
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Abstract

A new Schiff base, 2-((benzo[d]thiazol-2-ylimino)methyl)phenol (L1), was synthesized via Article History
condensation of 2-hydroxybenzaldehyde with 2-aminobenzothiazole. Complexes of L1 with
Co(II), Ni(I), Cu(Il), and Zn(II) were prepared and characterized using various techniques,
including elemental analysis (CHNS), infrared (FTIR), UV-visible (UV-Vis) and nuclear Accepted  August 08, 2025

magnetic resonance ('H, “C NMR) spectroscopies, thermogravimetric analysis (TGA), Published ~ November 11, 2026
magnetic susceptibility, atomic absorption (AAS), molar conductivity, and melting point. The
results suggested an octahedral geometry for the complexes and a 1:2 electrolytic nature. The
biological activity of the ligand and its complexes was tested, and significant antibacterial

activity against selected bacterial strains was observed. 1. Schiff bases;

2. transition metal complexes;
3. coordination chemistry;

4. spectroscopic analysis;
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1. Introduction

Schiff bases are organic compounds containing an
azomethine group (C=N). They are named after the Italian
scientist Hugo Schiff, who produced them in 1864 by a
condensation reaction between aldehydes or ketones and primary
amines ((Almasi ef al., 2021; Hamil et al., 2024);. Schiff bases are
characterized by different names, depending on the nature of each
of R1, R2, and R3. Schiff bases are imines, azomethines,
benzanilides, benzylidene anilines, or naphthylidene anilines.
They are also called ketamines when they are derived from
ketones. Aldimines are derived from aldehydes (Paul and Hossen,
2020). Schiff bases can be classified according to the donor sites
into monodentate, bidentate, tridentate, and multidentate
(Alkam, 2017; Rana et al., 2009; Srivastava et al., 2014). Schiff
bases are of great importance in coordination chemistry because
of their ability to form stable and diverse complexes with different
shapes and properties, especially with varying transition elements.
It was found that most of the transition metal ions with the ligands
of Schiff bases form stable complexes, which can coordinate with
metals through both nitrogen and oxygen atoms. Because of the
biological importance of Schiff bases, they play a significant role
in the Schiff base complexes with Pd(IT) (Khalil ez al., 2021; Raj et
al., 2023). Schiff bases and their complexes also play a significant
role in various chemistry, biology, and medicine fields. Therefore,
recent studies have been conducted on the coordination chemistry
and biological effects of mixed ligand complexes of Pd(II), Zn(II),
and Cd(II) (Dalia er al., 2018; Radhi er al., 2023). There are
multiple methods and modern preparation techniques, some of
which have been documented and are as follows: the traditional
heating method, the use of ultrasound, the use of basic medium,
and the use of microwaves in preparing Schiff bases (Mukhtar ez
al., 2021).

Also, researchers (Oladipo and Luckay, 2024) were able
to prepare two new lipophilic bases: (E)-1-(((2,6-
chlorophenyl)imino)methyl)naphthalen-2-ol  and  (E)-1-(((4-
bromo-2,6-dichlorophenyl)imino)methyl)naphthalen-2-ol. They
were prepared by mixing equal proportions of the reactants and
escalating the mixture for 6 h. Then, copper complexes were
prepared by reacting to the two bases with copper nitrate
trihydrate. The ligands and their metal complexes were also
characterized using infrared (IR), ultraviolet-visible (UV-VIS),
and 'H and *C nuclear magnetic resonance (‘H,*C-NMR)
spectroscopy, in addition to studying the mass spectrum and
elemental analysis. Electron magnetic resonance (EPR) was used
to confirm the magnetic nature of complexes 1 and 2 and to study
the crystal structure using X-rays diffractometry (XRD) for both
complexes 1 and 2. Studies have confirmed the formation of
mononuclear complexes. The metal ion, Cu(Il), is linked with two
Schiff bases via the nitrogen atom of the azomethine group and
the oxygen atom of the alcohol group. The prepared complexes
took the form of a planar, slightly distorted square. The
effectiveness of the complexes against certain types of bacteria was
tested, as well as their effectiveness as antidiabetics (Oladipo and
Luckay, 2024).

In this study, a new Schiff base ligand 2-((benzo[d]thiazol-
2-ylimino)methyl)phenol was prepared by condensation reaction
between 2-hydroxybenzaldehyde, and 2-aminobenzothiazole,
and then four new transition metal complexes were prepared,
including cobalt(II), nickel(II), copper(Il) and zinc(IT) using the
prepared Schiff base ligand (Khalil and Abdullah, 2024). The
prepared compounds were characterized by different methods
such as elemental analysis (CHNS), infrared (FTIR) and UV-
Visible (UV-Vis) spectroscopy, 'H-, *C-NMR, thermogravimetric
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analysis (TGA), magnetic susceptibility, atomic absorption,
molar conductivity, and melting point. The measurement results
showed that all the complexes were in octahedral shape. The
activity of the prepared complexes against a variety of gram-
positive and gram-negative bacteria was also studied, and the
results showed that the complexes have good biological activity
(Abed et al., 2020).

2. Experimental

2.1. Reagents and solutions

Fluka, Aldrich, and BDH companies prepared the
materials used: 2-hydroxybenzaldehyde, 2-aminobenzathiazole,
4-hydroxybenzaldehyde, the solvents absolute ethanol, diethyl
ether, petroleum ether, and the metallic salts CoCl..6H:O,
NiCl..6H20, CuClz, and ZnCl>.

2.2. Instrumentation

The ligand and its complexes were detected by various
measurements: Molar conductivity was measured using a
Conductivity Meter-Model (Eutech PC700) device, and a
Magnetic Susceptibility Balance device to measure effective
magnetic  moment. UV-Vis  spectrophotometer (PG
INSTRUMENTS) was used to measure electronic spectra. Both
standards are available at the University of Mosul, College of
Education for Pure Sciences. The infrared spectra of the prepared
complexes and ligand were determined using a Shimadzu type
device in the range 200 - 4000 cm ™' in terms of wavenumber and
by using CsI disks at Tikrit University, College of Education for
Pure Sciences. Mass-spectrum measurement was performed using
a USA-Agilent device at the University of Tehran in Iran.
Thermogravimetric analysis was conducted using a METTLER
TOLEDO device at the University of Mosul, College of Basic
Education. The thin-layer chromatographic analysis was
performed using a TLC slide in a UVG-11 Compact UV Lamp,
Varian Agilent USA, 400 MHz device with hexane and ethyl
acetate solvents at the College of Education for Pure Sciences,
University of Mosul. 'H-NMR and *C-NMR measurements of
the prepared ligand were conducted at the University of Basra,
College of Education for Pure Sciences, using a Varian Agilent
USA 400 MHz device. The samples were dissolved in DMSO-d®,
using TMS as a standard reference at room temperature (298 K).
Accurate element analysis was conducted to estimate the
proportions of carbon, hydrogen, nitrogen, and sulfur elements in
the prepared compounds and complexes using an elemental
analysis instrument at the University of Tehran in Iran. The
amounts of cobalt, nickel, copper, and zinc in the prepared
complexes were determined using an atomic absorption
spectrometer (Analytik Jena Novaa350) at the University of
Mosul, College of Agriculture. Finally, the melting point of raw
materials, prepared ligand, and their complexes were measured
using an Apparatus-Stuart-SMP melting point device at the
University of Mosul, College of Education, Pure Sciences.

2.3. Preparation of microparticles

2.3.1. Synthesis of ligand (L1)

The ligand was prepared by adding (0.02 mol, 2.80 g) of 2-
hydroxybenzaldehyde dissolved in (20 mL) of absolute ethanol to
(0.02 mol, 3.00 g) of 2-aminobenzothiazole, also dissolved in
(20 mL) of absolute ethanol. The reaction mixture was refluxed
for 5 h (Scheme 1). A yellow precipitate was formed. It was
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recrystallized and washed first with distilled water and then with
diethyl ether. Its melting point was 120 °C (Ahmed ef al., 2022).

2.3.2. Preparation of ligand complexes with the
formula [M(L1)2]Cl;

The cobalt complex was prepared in a ratio of (1:2) by
reacting (0.001 mol, 0.237 g) of the metal salt CoCl..6H>O

1l
CH

Reflux 5h/EhOH

OH S
+  HN j@ __Reflux Sh/EROH
N 200 °C

2-hydroxybenzaldehyde 2-aminobenzothiazole

M=Co*?, Ni*?
M=Cu*?, Zn*?

Scheme 1. Ligand and its metallic complexes preparation.
Source: Elaborated by the authors.

3. Results and discussion

3.1. Molar conductivity

The complexes were dissolved in (DMF) at a
concentration of (102 mol L), where molar electrical
conductivity measurements showed agreement with the proposed
structural formulas of the prepared compounds, as they were
conductive at a ratio of (1:2), as shown in Table 1. To confirm the

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1660

dissolved in (10 mL) distilled water with (0.002 mol, 0.508 g) of
ligand (L1) after dissolving it in 25 mL absolute ethanol and was
refluxed for 3 h. Later, it forms a bright blue precipitate with a
melting point of 100 °C.

In the same way, the nickel complex was prepared using
0.237 g of NiCL.6H-O and 0.136 g of CuClz, ZnCl, using the
same weights for the ligand. Scheme 1 shows the sequency for the
synthesis of ligand and metal complexes.

S
c=N—
H N
OH
2-((benzo[d]thiazol-2-ylimino)methyl)phenol

[L1]

Reflux 3h

MCl,.6H,0 OH
MCl,

@

electrolytic nature of the complexes, molar conductivity
measurements were also carried out in dimethyl sulfoxide
(DMSO) in addition to DMF. The observed conductivity values
in DMSO were comparable to those in DMF, indicating that the
complexes exhibit similar 1:2 electrolytic behavior in both
solvents and likely dissociate into [M(L1),]** and two chloride
ions in solution. This is consistent with published research (Knittl
et al., 2018; Sultan ez al., 2024).

Table 1. The formula, the complex's physical characteristics, molar conductivity, and elemental analysis.

. Molar conductivity Elemental analysis theoretical (Practical)
NO Formula of Molecular zVelght Color l\(/’I.P (cm® @' mol?) Yield
complexes (g mol™) ()] Co% HY NY% S MY
DMF___DMSO ' ' ’ ’ ’
CraH10N2S N 66.12 3.96 11.02 12.61
L1 0 254.3 Dark yellow 160 86% (66.05) (377) (1100) (12.43)
) . 52.67 3.13 8.77 10.03 9.23
1 [Co(L1)2Cl 638.5 Shiny Blue 007 143 85 8% e (1) (871) (1000 (219)
) Light Earth o 52.69 318 8.78 10.03 9.19
2 INiL1)ICk, afgel2 Green L. of 87%  (s056) (307) (876) 1000)( (9.13)
. . 52.29 311 8.71 9.96 9.88
0,
3 [cu(L1)dCh 643.1 Light Olive 98 165 73 9% mao5 (207 (868 (092  (983)
4 [zZoQL1)Ch 644.9 Light Yelow 94 155 70 oo LR R

(5211) (3.08) (867) (9.90) (10.09)

Source: Elaborated by the authors.
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3.2. Magnetic susceptibility measurements

The magnetic susceptibility of the prepared complexes was
measured, and the results are consistent with an octahedral
geometry for all metal centers. The Co(IT) complex exhibited a
magnetic moment of 4.9 BM (1 BM = 9.274 x 102*J T™!), which
is higher than the spin-only 3.87 BM value due to orbital
contribution and spin—orbit coupling effects typical of high-spin
octahedral Co(IT) complexes (Zahradnikova e al., 2024). The
Ni(II) complex showed a magnetic moment of 2.8 BM, consistent
with two unpaired electrons in an octahedral field. The Cu(II)
complex exhibited a moment of 1.8 BM, in agreement with a
single unpaired electron in a distorted octahedral geometry,
possibly affected by Jahn-Teller distortion. The Zn(II) complex
was diamagnetic, as expected for a d'° closed-shell configuration.
These magnetic data, together with spectral features (UV-Vis, IR),
support the proposed octahedral coordination geometry. This is
consistent with published research (Abed et al., 2020; Abousaty et
al., 2024; Adnan et al., 2024).

3.3. Atomic absorption

The proportions of Co, Ni, Cu, and Zn elements in the
resulting complexes were estimated based on Table 1. Compared
with the theoretically calculated values, the resulting complexes
agreed with the proposed formulas (Ismail and Lateef, 2022).

3.4. Elemental analysis (CHNS)

Elemental analysis is performed on the isolated complexes
to confirm their composition, and the results obtained from this
analysis are shown in Table 1. The results in Table 1 show a good
agreement between the calculated and experimental ratios of the
elements C, H, N, and S for the proposed composition. This
agreement enhances the validity of the composition of the
synthesized complexes (Abed et al., 2021; Ismail and Lateef,
2022).

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1660

3.5. Electronic spectra studies

In this study, the electronic spectra of the ligand and the
prepared complexes were measured using dimethylformamide as
solvent at a concentration of (10> mol L) and using two cells
with a diameter of (1 cm) (Figs. 1-5). The prepared complexes
gave bands for the (d—d) transitions as well as the charge transfer
bands, and the high-intensity absorption appearing in the region
of 35849 to 42216 cm™ are due to the intra-ligand transitions
(m—m#, n—mx), the complex Co(II) exhibit a three absorption
bands in the 11185-21881cm™ range, which were attributed to
‘Tig(F)—'Tog(F), ‘TigF)—'Ag(F), and “‘Tig(F)—"*Tig(P)
octahedral transitions sequentially (Table 2). Although these
transitions are Laporte-forbidden due to the centrosymmetric
octahedral environment, they appear with moderate intensity due
to vibronic coupling and slight distortions in the geometry. The
UV-Vis spectrum of Ni(Il) complex exhibits three absorption
bands in the 10659-22431cm™ range, which were attributed to
SALg(F)—Tag(F), 3Axg(F)—’Tig(F), and 3Axg(F)—’Tig(P)
octahedral transitions sequentially.

The hexa-coordinated Cu(II) complex showed a single
absorption band in the 12820-13989 cm™ range due to the
transition *Eg—?T,g, which is characteristic of the Eg — *Tag
transition in an octahedral geometry distorted by Jahn—Teller
effect. This distortion leads to axial elongation and splitting of
degenerate orbitals, resulting in an asymmetric and broadened
absorption band. The broadness of the bands in all complexes is
further attributed to: Overlapping of electronic transitions, and
spin—orbit coupling, especially in the Co(II) complex. These
spectral features, combined with magnetic moment values,
support the octahedral geometry assigned to the complexes. It
conforms to an octahedral geometric shape. As for the Zn(II)
complex, the outer shell is filled with electrons, and then, no
electronic transition bands (d-d) appear. Still, it gives bands
related to the ligand electronic transitions, whose positions have
changed from those in the ligand spectrum, indicating the
formation of a complex (Adnan et al., 2024; Ommenya et al.,
2020).

Table 2. Data on the electronic spectra and effective magnetic moment of the ligand and prepared complexes.

NO Formula of complexes Hesr B.M UV-Vis. Bands (cm™) Charge transfer (cm™) Proposed structure
L1 C14H10N2SO - 35849; 42216
1 [Co(L1)2IClz 49 21881;11185; 15625 35714 Octahedral
2 [Ni(LT)2ICl2 2.8 22431;20897;10659 32576 Octahedral
3 [Cu(LT)2Cl2 1.8 11160 34722 Octahedral
4 [Zn(LT)2Cl, Dia 34246 Octahedral
Source: Elaborated by the authors.
z.m} ?-m _ﬁ
1.505 1505
w -
= 1010f 2 1010
0.515 |- 0,515 El
0.020 ) , i 0.020
20000 400.00 600.00 800.00 20000 400.00 600.00 80000 900.00

Wavelength{nm)

Figure 1. UV-Vis spectrum of the ligand.
Source: Elaborated by the authors.
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Wavelength(nm)

Figure 2. UV spectrum of the complex [Co(L1):]Cl.
Source: Elaborated by the authors.
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Figure 3. UV spectrum of the complex [Ni(L1)2]Cla.
Source: Elaborated by the authors.
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Figure 4. UV spectrum of the complex [Cu(L1)2]CL.
Source: Elaborated by the authors.
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Figure 5. UV spectrum of the complex [Zn(L1)2]Cla.
Source: Elaborated by the authors.

3.6. IR spectra studies

FTIR spectra (Figs. 6-10) indicate that the coordination
in the complexes is mediated by the two nitrogen atoms in the
(C=N) groups, without the participation of sulfur from the (C-S)
group. A shift in the (C=N) vibration bands to lower values
compared to the free ligand is observed, indicating that both the
extra- and intra-ring imine bonds participate in the coordination.
In contrast, no significant spectral shift is observed in the C-S
band, indicating that the sulfur atom is not involved in
coordination with the metal. We also note that the values of the
(OH) group have shifted to lower values. Based on these
spectroscopic results, we conclude that the coordination is
mediated by the two nitrogen atoms and the oxygen atom, i.e.,
the ligand is tridentate coordinated. We also note the
appearance of new bands associated with (M-N, M-O, M-CI) at
ranges (321-393 cm™, 583-574 cm™, 251-279 cm™), which
confirms the occurrence of coordination (Table 3). As for the
thiol/thiol equilibrium, we explain that the sulfur in the ligand is
part of a stable aromatic benzothiazole ring and does not exist in
the form of C=S (thione) or —-SH (thiol), so this type of equilibrium
is not possible in this system. This was supported by the absence
of any S—H stretching band in the infrared spectrum (Ahmed et al.,
2022; Tahmasbi et al., 2023).
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Figure 6. Infrared spectrum of the ligand (C14H10N2SO).
Source: Elaborated by the authors.
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Figure 7. Infrared spectrum of the complex [Co(L1)2]Cl..

Source: Elaborated by the authors.
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Figure 8. Infrared spectrum of the complex [Ni(L1)2]Cl..

Source: Elaborated by the authors.
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Figure 10. Infrared spectrum of the complex [Zn(L1):]Cl..
Source: Elaborated by the authors.
Table 3. IR bands (cm™) data of the ligand and prepared complexes.
NO Formula of complexes v(-OH) v(N=C-S) v(C-S) v(C=N) v(M-0) v(M-N) v(M-Cl)
L1 C14H10N2SO 3576 2254 11571 1645 - - -
1 [Co(L1)2ICl, 3558 2220 1154 1620 581 321 269
2 [Ni(L1)2]Cl2 3566 2227 1155 1621 579 333 279
3 [Cu(LT)2ICl2 3563 2234 1153 1615 583 351 281
4 [Zn(L1)2]Cl> 3564 2237 1155 1612 574 393 251
Source: Elaborated by the authors.
3.7.3C, 'H-NMR 0.68 11.04 (1H, S, OH) with an integration value of 0.67.
8.89(1H,S, H-C=N) 11.04(1H, S, OH) (Butera et al., 2023; Uttu et
The ligand 'H-NMR spectra are recorded using deuterated al., 2022).
dimethyl sulfoxide as an internal referenc?. The 'H-NMR As for the "C-NMR spectrum of the ligand L1 (Fig. 12),
spectrum (Fig. 11) of the ligand (L1) showed "H-NMR (CDCl;, it only showed a peak belonging to the carbon atom of the
400 MHz) 8H (ppm) 8.04-6.97 (8H,m, Ar-H)) with an integration azomethine group, and it was at a frequency of (153.19 ppm), as

value of 5.77, 8.89 (1H,S, H-C=N) with an integration value of
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for the hydroxyl group belongs to the carbon atom, and multiple
peaks in the region between (118.17-133.02 ppm) for the carbon
atoms of the aromatic rings (Afifi e al., 2025; Soliman et al., 2022).

well as the carbon atom of the thiazole ring, which gave a peak at
(166.95 ppm), the carbon atom connected to the thiazole ring
from the nitrogen atom (148.99 ppm), peak at the (161.59 ppm)
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Figure 12. CB-NMR spectrum of the ligand L1.
Source: Elaborated by the authors.
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3.8. Thermogravimetric analysis

The thermal behavior of the selectively prepared complex
was studied at a heating rate of 25 °C per minute in a temperature
range of 30-500 °C to confirm if the complex was free of water.
The thermogram (Fig. 13) exhibits two distinct weight-loss stages,
indicating a two-step thermal decomposition process. The first
stage is associated with the initial decomposition process, while
the second and subsequent weight loss can be attributed mainly to
the progressive decomposition of the organic ligand (L1) and the
possible elimination of chloride ions. No distinct weight-loss step
attributable to the loss of lattice or coordinated water molecules
was observed at low temperatures, supporting the anhydrous
nature of the complex. At higher temperatures, the remaining
residue is tentatively assigned to zinc oxide (ZnQ), based on the
expected thermal decomposition pathway of Zn(II) complexes. In

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1660

contrast, the thermograms presented in (Figs. 14-17) exhibit a
single major weight-loss stage for each corresponding complex.
These weight-loss stages are attributed mainly to the thermal
decomposition of the organic components of the complexes,
together with the possible elimination of chloride or other
coordinated/ionic species, depending on the composition of each
complex. No distinct low-temperature weight loss attributable to
lattice or coordinated water molecules was observed in these
complexes, supporting their anhydrous nature. At higher
temperatures, the remaining residues are attributed to the
corresponding metal-containing inorganic products formed after
thermal decomposition. Overall, the TGA results provide
evidence for the thermal decomposition behavior of the
investigated complexes and support the proposed anhydrous
nature of the complexes (Mohamed et al., 2024).
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Figure 13. Thermogravimetric analysis (TGA) of the complex [Co(L1)2]CL.
Source: Elaborated by the authors.
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Figure 14. Thermogravimetric analysis (TGA) of the complex [Ni(L1)2]CL.
Source: Elaborated by the authors.
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Figure 15. Thermogravimetric analysis (TGA) of the complex [Cu(L1):]Cl.
Source: Elaborated by the authors.
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Figure 16. Thermogravimetric analysis (TGA) of the complex [Zn(L1)2]Cl..

Source: Elaborated by the authors.
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Figure 17. Thermogravimetric analysis (TGA) of the complex [Zn(L1),]Cl.
Source: Elaborated by the authors.
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3.9. Mass spectrum

The characterization performed in this study was
primarily intended to confirm the formation of the metal-ligand
complexes, verify the increase in molecular mass upon
coordination, and confirm the proposed molecular formulae. The
mass spectra of ligand (L1) and zinc complex (complex 4) were
measured, and data are in Table 4. The mass spectrum of the
ligand (L1) shows a prominent molecular ion peak at 254 m/z,
corresponding to the molecular weight of the ligand (Fig. 18).
This confirms the successful synthesis and purity of the ligand. For
the zinc complex [Zn(L1)2]ClL: (Fig. 19), the molecular ion peak
appears at 644 m/z, which matches the expected molecular
weight of the complex minus the chloride ions (due to
fragmentation in the mass spectrometer). Fragmentation
pathways likely involve the sequential cleavage of the ligand
moieties or loss of small neutral molecules (e.g., H20, Cl), leading
to characteristic fragment ions. These fragmentation patterns
support the proposed structure of both the ligand and its zinc
complex (Abd El-Lateef ef al., 2024).

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1660

Table 4. Mass spectra data of the ligand and the metal(Il)

complexes.
NO Fragment Mass/charge (m/z)
L1
1 [C1aH10N2SO]* 953
2 [C7HsSN]* 139
3 [C7HsN]+ 131
4 [CeHsN]* 111
5 [CsHeN]* 96
[Zn(L1)2ICl2
1 [C28H19N4S202Zn]* 611
2 [C28H17N4SO4]* 435
3 [C14HION2SOJ* 253
4 [C7HsCINT* 139
5 [C7HaNS]* 130
6 [CeH40]* 111
7 [C7HaN]* 96
8 n* 65

Source: Elaborated by the authors.
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Figure 18. Mass spectrum of the ligand.
Source: Elaborated by the authors.
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Figure 19. Mass spectrum of complex 4.

Source: Elaborated by the authors.
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3.10. Biological activity

The effect of the prepared ligand and complexes on two
types of bacteria, Staphylococcus aureus (gram-positive) and
Pseudomonas aeruginosa (gram-negative), was studied using the
well-drilling method.

These bacteria were chosen due to their importance in
medicine, as they cause many diseases. In addition, they exhibit a
distinct form of resistance to antibiotics and therapeutic chemicals
(Chavan and Patil, 2024). The results in Table 5 and Fig. 20
indicate that most of the compounds prepared in the laboratory
inhibit the bacteria used. It has been proven to have an inhibitory
effect against these types of bacteria.

Table 5. Antibacterial activity (inhibition zone) of the ligand and
complexes.

Compound Staphylococcus aureus ~ Pseudomonas aeruginosa

L1 16 20

1 20 20

2 19 21

3 19 19

4 21 22
CIPS 10 10
TMP 12 10

Source: Elaborated by the authors.

Figure 20. The biological activity of ligands and complexes
against Staphylococcus aureus, Pseudomonas aeruginosa bacteria at a
concentration of (10 mol L™Y).
Source: Elaborated by the authors.
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The biological activity of the Schiff base complexes Co(II),
Ni(II), Cu(II), Zn(II) stems from three synergistic mechanisms:
1-Membrane Disruption: The benzothiazole moiety with S-N
donors and aromatic rings enhances lipophilicity,
facilitating penetration into bacterial membranes, especially
Gram-negative. Metal ions Zn(II) disrupt ion gradients by
forming non-specific channels.
2-Enzyme Inhibition: Metal coordination Cu(II) competitively
inhibits metalloenzymes (DNA gyrase) by displacing
essential ions (Mg*2-Ca*? or binding to thiol (-SH groups).
3-Oxidative Stress: Redox-active metals Cu(II)-Co(II) generate
ROS, OH, and O,”, damaging DNA and lipids. Zn(II)
complexes indirectly induce oxidative stress by depleting
cellular antioxidants (Abd El-Lateef et al., 2024; Abed et al.,
2021; Aziz et al., 2023; Chavan and Patil, 2024; Gavali et
al., 2024; Mansour et al., 2024).

4. Conclusions

According to the analytical, physical, and spectroscopic
results, the observed data revealed the following:

A) Complexes with a molar ratio of (1:2) were octahedral,
symmetrical, and had the formula [M(L1):]Cl..

B) The biological activity of the ligand and its complexes
show that they have excellent antimicrobial properties.
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