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ABSTRACT. Novel metallic complexes derived from a three coordinate hydrazine Schiff base ligand featuring an
NNO electron donor system were prepared and characterized using FTIR, UV-Vis, ESI-MS, *H, *C-NMR, and
CHN elemental analysis, supported by magnetic susceptibility and molar conductivity measurements. Structural
studies confirmed a 2:1 molar ratio (L:M) for Mn*?, Co*?, Ni*?, Cu*?, and Zn*2 complexes, while Zr** exhibited a
binuclear structure. Spectroscopic analysis revealed the ligand exists primarily in its enolic form. Based on the
principle of structural similarity, an octahedral geometry was proposed for the divalent metal compounds and
definitively confirmed for Cu*? via single-crystal X-ray diffraction (SC-XRD). To address microbial corrosion
(MIC) challenges, the biological activity of these compounds (10-3M) was evaluated as biocides against sulfate
reducing bacteria (SRBs), fungal species (Botrytis aclada and Absidia corymbifera), and common pathogens. These
included Gram positive bacteria (Staphylococcus aureus, Streptococcus mutans, and Enterococcus faecalis) and
Gram negative bacteria (Pseudomonas aeruginosa). Notably, the Schiff base and its complexes exhibited significant
antimicrobial activity, demonstrating performance comparable to synthetic chlorine based biopesticides.

KEY WORDS: Schiff base, Hydrazones, Microbiological corrosion, Bacillus, Bortryis acaladia, Absidiomycete
corimpifira

INTRODUCTION

Corrosion remains a significant industrial challenge, particularly in the oil and gas sector during
production and transportation. Beyond the substantial economic burden, estimated by the National
Association of Corrosion Engineers (NACE International) at approximately US$2.5 trillion
globally [1], corrosion poses serious risks to structural integrity, security, and environmental
stability [2, 3]. While various forms of corrosion exist, including galvanic and stress corrosion,
microbiological corrosion (MIC) stands out as a particularly complex anaerobic problem [4]. In
oxygen-free, sulfate-rich environments, sulfate-reducing bacteria (SRBs) play a key role by
utilizing sulfates as the final electron acceptor, leading to the formation of corrosive iron sulfide
[5]. To combat MIC corrosion, various strategies have been proposed, ranging from antioxidant
coatings to corrosion-resistant alloys such as AISI 304 and 316 [6, 7]. However, research
continues on highly efficient and environmentally compatible inhibitors. The chemistry of Schiff
base bonds offers a strategic advantage in this field. These molecules, containing an azomethine
group (C=N-) and negatively charged heteroatoms (nitrogen and oxygen), are characterized by
high electron density and stable structures. These properties facilitate strong coordination with
transition metal ions, forming stable chelated compounds capable of efficient adsorption onto
metal surfaces [8]. Despite their potential, a clear research gap remains in the systematic study of
tertiary coordinated hydrazonic (NNO) Schiff base compounds specifically designed to combat
the dominant microbial strains in Iragi oil environments. This study addresses this gap by
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synthesizing a series of metal compounds derived from a novel NNO donor hydrazone bond. This
research focuses on the synergistic effect between the bond structure and various metal centers
(including tetravalent zirconium and divalent ions) to enhance inhibition efficacy. Using crude
oil-contaminated water collected from the Al-Doura refinery in Baghdad, Iraq, this work evaluates
the inhibitory effects of these newly synthesized compounds against sulfate-reducing bacteria and
other pathogenic microorganisms. By bridging the gap between coordination chemistry and
industrial application, this study aims to develop a robust, non-toxic protective barrier against the
metabolic activities of corrosive microbes.

EXPERIMENTAL
Materials and physical techniques

All the basic chemicals used in the preparation of the amine, the bond, and their metal compounds
were purchased from Merck. The solvents used were N, N-dimethylformamide (DMF) from CDH
Central Pharmaceuticals and purified ethanol and methanol from BHD. Fourier transform infrared
(FTIR) spectra were recorded in the 400-4000 cm™ Frequency range using a Perkin-Elmer
spectrometer, while potassium bromide (KBr) and cesium iodide spectra were recorded in the
200-4000 cm? frequency range for the compounds at room temperature. The analysis was
performed in the Science Laboratory at the University of Baghdad. UV-Vis spectra were recorded
using a Shimadzu UV-1800 spectrometer with two identical 10 mm quartz cells. The electron
Transitions of the compounds. The masses of the ligands and their compounds were determined
using electron spray ionization mass spectrometry (ESI-mass) with a Shimadzu LCMS 2010 and
nuclear magnetic resonance spectrosCopy (*H, **C-NMR) with a Bruker instrument at 300 MHz.
Weight loss was also monitored using thermogravimetric analysis (TGA) and its derivatives
(DTG). Single-crystal analysis of the copper complex was performed using three-dimensional X-
Ray diffraction. All these analyses were conducted at the laboratories of Shahid Beheshti
University in Tehran, Iran.

Preparation
Preparation of the Schiff's base ligand (L1)

In a 50 mL round-bottom flask, equal (1:1) proportions of 2-pyridine carboxaldehyde (0.372 g)
(3.47 mmol) and 2-hydroxybenzohydrazide (0.528 g) (3.47 mmol) were condensed in 10 mL of
absolute methanol at 40-50 °C for five hours, with the reaction completing and forming a white
precipitate. The precipitate was filtered, washed with cold alcohol, dried, and its melting point
was measured to be 225-227 °C [9, 10].

Preparation of the Schiff bases L1 metal complexes

In a 25 mL flat-bottomed flask, a Schiff base bond (0.15 g) was completely dissolved in 10 mL
of a 50:50 v/v ethanol-methanol mixture. A few drops of dimethylformamide (DMF) were added
to ensure complete dissolution. Appropriate metal salts, divalent metal chlorides (Mn?*, Co?*, Ni?',
Cu?*, and Zn?*) or zirconium(I'V) chloride were then added at a 1:2 molar ratio between the metal
and the Ligand. The reaction mixture was stirred at 40-50 °C for 6 hours until a clear color change
and precipitation occurred. The resulting solids were filtered, thoroughly washed with cold
ethanol, and dried under vacuum (or at room temperature). Melting points were recorded, and the
prepared compounds were stored for further characterization and analysis [11, 12].
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Isolation and identification of corrosive microorganisms

Microbiological samples were collected from various locations within the Al-Doura oil refinery
in Baghdad, Iraq, specifically from the internal surfaces of oil pipelines and the refinery's tenth
pumping station, which exhibits localized corrosion. Microorganisms were isolated using water
samples taken from the oil. To isolate the main microbial corrosion agents, the samples were
cultured in specialized media. Sulfate-reducing bacteria were cultured using Postjet B medium
under strict anaerobic conditions. For fungi and yeasts, potato dextrose agar (PDA) was used.
Cultures were incubated at 37 °C for 48-72 hours.

Isolations were identified through a combination of morphological examination, Gram
staining, and biochemical tests. A lead acetate test was also performed according to equation (1),
and the test yielded a positive result with the precipitation of a black lead sulfide precipitate. This
indicates the presence of hydrogen sulfide resulting from the anaerobic oxidation of sulfate-
reducing bacteria. The corrosive bacterial isolate was identified as belonging to the genus
Bacillus, while the fungal and yeast isolates were identified as belonging to the genera Botrytis
and Absidia, two genera known for their ability to grow in hydrocarbon-rich environments and
contribute to the decomposition of mineral substrates.

H,S + Pb(CH;COO), — PbS(s)] + 2CH3;COOH
black precipitate

Equation 1. Lead sulfate test for isolated bacteria.
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Scheme 1. Pathway of synthesis of metal-element complexes from Schiff bases.

Proposed formulas for complexes: [Mn + 2(L).]Cl, , [Co(L)2] [Ni(L)2] , [Cu(L)..H20] , [Zn
Cla(L)2], [Zr2 (L1)2(OH)a u_(OH)z].
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RESULTS AND DISCUSSION
Elemental analysis
The physical properties of the complexes with the ligand are listed in the following table

Table 1. Quantitative analysis of the elements and physical properties of the Schiff base and its metallic

complexes.
Formula Color M.P (°C) |Yield%| MWitg. Elemental analysis found(Calc)
suggestion mol? c H N v
Ci3H1uNsOz Creamy | 225-227 89 | 241.245 | 63.97 3.94 17.64
white (64.72) | (4.60) | (17.42) | -------

MNnCl:CosH2oNsOs | Pale | 240-243d | 82 608 | (51.33) | (3.65) | (13.82) | (9.03)

yellow
C26H20N604Co Dark 297d 82 539 57.77 3.46 15.70 11.2
Brown (57.89) | (3.74) | (15.58) | (10.93)
Ca26H20N6sOsNi Brown 297d 93 539 57.92 3.74 15.59

(58.55) | (3.53) | (16.11) | (10.89)
CosH21NsOsCu | Dark >300 94 | 561.03 | (5546) | (4.12) | (14.93) | (11.29)

Brown
Crystals *The formula of the compound was determined by three-dimensional
XRD (single crystal). Its data was deposited with the Cambridge Centre
for Crystal Structures (CCDC).
Cl2C2sH22NeO4Zn OFF >300 75.7 619 50.47 3.58 1358 | 10.57
white

0:C26H2N60sZr | Gold >300 92 764 39.73 | 294 | 10.64
(40.88) | (330) | (1) | (23.89)

Infrared spectroscopy

FTIR spectroscopic analysis was utilized to confirm the successful synthesis of the Schiff base
ligand (L1) and its corresponding metal complexes by monitoring the characteristic shifts in
functional group frequencies. In the spectrum of the starting amine, the characteristic sharp bands
appearing at 3319.49 cm® and 3271.27 cm? are assigned to the asymmetric and symmetric
stretching vibrations of the N-H group, while the O-H stretching is observed at 3741.9 cm™ [13].
Upon condensation to form the free ligand (L1), distinct spectroscopic alterations were observed.
The ligand spectrum exhibited key bands at 3462cm-1, 3242.24cm-1, 1629.85cm-1, and doublets
at 1575cm-1,1544.98cm-1, which are securely attributed to O-H, N-H, C=0, and C=N azomethine
stretching, respectively, along with the N-H bending at 1462.04cm-1. The noticeable lower-
frequency shift of the O-H band in L1 3462 cm™ compared to the amine precursor is indicative of
strong intra-intermolecular hydrogen bonding. Following complexation with the metal ions,
significant modifications were observed, confirming the coordination of the ligand to the metal
centers. Crucially, the carbonyl (C=0) band did not disappear but underwent a prominent negative
shift to lower wavenumbers across the complexes (e.g., shifting from 1629.85cm™ in L1 to
1598.66 cm™ in ZrL1, demonstrating the direct involvement of the carbonyl oxygen in
coordination (M-O). This shift is caused by the reduction of electron density within the {C=0}
double bond due to the electron-withdrawing effect of the metal ion, which is further corroborated
by the appearance of new metal-oxygen (M-O) bands in the (515-588) cm-lregion.
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Simultaneously, the azomethine (C=N) bands shifted to lower frequencies, and the disappearance
of the N-H stretch in several complexes (such as CoL1, NiL1, CuL1l, and ZrL1 suggests that the
ligand undergoes enolization (enol hydrazone tautomerism) during coordination. This enolization
is strongly favored by the electron-withdrawing effect of the adjacent pyridine ring, which
enhances the acidity of the hydrazide proton, prompting the formation of the enolic structure. The
key infrared vibrational bands for the Schiff base ligand and its metal complexes are summarized
in Table 2.

Fourier transform infrared spectroscopy (FTIR) confirmed the binuclear fundamental
structure by the appearance of characteristic bridge vibration frequencies (Zr-O-Zr, Zr-OH-Zr),
which are completely absent in the free linker. The formation of the binuclear oxo, hydroxo core
is directly attributed to the structural nature of the starting material, zirconyl chloride octahydrate
(ZrOCl,.8H,0), which undergoes coordination while preserving the stable oxo, hydroxo bridging
framework. This binuclear structure was verified and confirmed by elemental analysis (CHN),
where experimental weight percentages showed accurate standard convergence with theoretical
values specifically calculated for the binuclear structure.

Table 2. FT-IR spectral data (wave number ¢)cm™ for ligand and its complexes.

Comp| ¢N-H yC=0 yC=N, yN-H | C=C yC-0 yM-N [ ¢M-O| ¢O-H, and
Cod.. | stretch C=Nring |Bending others
Amine| 3319.49 | 1645.28 |  ------ 15874 | 1300 | - | -em | - 3741.9
3271.27
L1 | 3242.24 | 1629.85 1575, [1462.04| 1398 | - |  ----- | -e- 3462
1544.98
MnL1| 3161.33 | 1612.49 | 1570.06 | 1465.9 | 1442.7 | 1352.10 | 445.56 |559.36 3300
1516.05 412.77 |525.57
CoLl| ----- 1649.02 | 1550.30 | ------ 1469.6 | 1301.85 | 447,45 |540.03 3433.06
1602.74,| 1510.16
NiLl | ------ 1622.02 | 1600.61, | ------ 1457.7 | 1355.86, 445 1557.39 3496.70
1562.23 1334.65
CuLl| ---- 1614, 1552.7, ---- 11467.83 1397 476.42 |588.29 3467
1597. 1551.8 424.34 |528.50
ZnLl| - 1612.49 | 1573.91 |1521.84|1489.05| 1388.85 | 424.34 |525.57 34275
590.27
ZrLl | - 1598.66, | 1571.88 | -------- 14715 | 1326.93 | 462.88, |515.89,| 3400, [Zr-O-
1541.02 1450.3 439.74, Zr :1031-
1056]

Mass spectrometry

Electrospray ionization (ESI) mass spectrometry analysis was performed on the Schiff base ligand
and two of its metal complexes (Ni(Il) and Zr(IV)). The mass spectrum of the Schiff base ligand
(L1) exhibited a peak at (m/z 241.95), which is consistent with its theoretically calculated molar
mass (241 g/mol). The mass spectrum of the nickel complex showed a peak at m/z 540.80,
matching the calculated mass of the complex and aligning with the quantitative, spectroscopic,
and thermal analysis results. For the zirconium complex, the base peak was observed at m/z
241.95, attributed to the fragmented [L1+H+] ligand. Meanwhile, the complex itself exhibited a
mass peak at m/z 809, which is close to the calculated mass of 764 g/mol. This mass difference
(Am/z = 45) can be attributed to the coordination or entrapment of lattice/coordinated water
molecules, as zirconium(lV) complexes are highly hygroscopic due to the high charge density of
the zirconium ion a finding that strongly agrees with the spectroscopic and thermal analytical data.
Figures 1, 2, and 3 represent the ESI mass spectra of the Schiff base ligand, and its nickel and
zirconium complexes, respectively [16, 17].
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Figure 1. ESI-mass spectrum. for Schiff base ligand (L1).
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Figure 3. ESI-Mass spectrum. for ZrL1 complex.
Electronic spectroscopy

The ligand spectrum showed a range of bands, three of which were prominent in the ultraviolet
region. These bands are attributed to (n—n*) transitions resulting from the presence of
heteroatoms with unpaired electrons. The spectra of the colored coordination complexes also
showed a range of new bands in both the ultraviolet and visible regions. The spectra of complexes
that retained the ligand's color were distinguished in the ultraviolet region, due to the saturation
of the d orbital. These complexes include zinc-molybdenum complexes. The manganese complex
showed two bands (550, 600) nm attributed to two transitions (6A1g—4T1g, 6A1g—4T2g) and
a magnetic moment of 3.619 B, consistent with an octahedral shape. Brown cobalt complexes
exhibited several bands (674,608,406 and 361)nm attributed to the 4T1g(F)—4T2g(F),
4T1g(F)—4T1g(P), and 4T1g(F)—4A2g(F) transitions, and a magnetic moment of 2.4 Bm.( that
these complexes undergo a Spin Crossover (SCO) phenomenon or stabilize in specific spin states
due to the ligand field strength of the novel Schiff base.) [20, 21]. Nickel complexes exhibited
several bands (790, 670, and 454)nm attributed to the {3A2g(F)—3T2g(F),
v2=3A2g(F)—3T1g(F), v1=3A2g(F)—3T1g(p)} transitions, and a magnetic moment of 2.4 Bm.
The copper complexes exhibited three bands in the visible light region, attributed to the transitions
(v=2Bl1g—2Alg, v=2B1g—2B2g, v=2B1g—2Elg), appearing as a single broad peak due to the
convergence and overlap of these bands. This broad peak was also observed to shift towards a
longer wavelength, attributed to the distortion of the octahedral crystal structure, [18, 19] as
demonstrated by three-dimensional X-ray diffraction. The zinc complex, on the other hand,
exhibited transitions in the ultraviolet region (366, 278, 233) nm, attributed to (=—n*, n—n*,
CTLM). As for the zirconium compound, which exhibited a magnetic moment of zero, it had three
charge transitions in the ultraviolet region and the beginning of the visible region, located at (541,
415,379, 360, 274) nm. These transitions are represented by (CTLM, n—n*, n—m), respectively.
The yellow color of the compound is attributed to the charge transitions that occurred at the
beginning of the visible region [22, 23].
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'H-NMR, C-NMR spectra

NMR results for Schiff base L1 and its metal complexes revealed a set of signals in DMSO, which
we will discuss in detail. The proton nuclear magnetic resonance (*H-NMR) spectrum of the L!
Schiff bond in ds dimethyl sulfoxide showed prominent single signals at 12.04 and 11.71 ppm,
attributed to the protons of the phenolic hydroxyl (-OH) and amine (-NH) groups, respectively.
The aromatic ring protons of phenyl and pyridine appeared as multiple signals in the range of
6.98-8.63 ppm [24]. For the nickel(ll) complex, the resonant signals of the phenolic hydroxyl
(OH) and amine (-NH) groups shifted to 12.24 and 10.18 ppm, while the aromatic ring protons
appeared in the range of 6.48-8.62 ppm. It is noteworthy that the clear and sharp proton nuclear
magnetic resonance (*H-NMR) spectra of nickel(Il), which initially appeared inconsistent with its
solid-state magnetic moment (2.40 B.M), are scientifically justified by the existence of a dynamic
equilibrium between the octahedral (paramagnetic) and square-planar (diamagnetic) structures in
solution. These sharp resonances arise primarily from the diamagnetic square-planar region,
devoid of paramagnetic relaxation amplitude [25]. The bimetallic zirconium(IV) compound
exhibited signals in the low magnetic field at 12.01- 13.63 ppm, corresponding to uncoordinated
hydroxyl groups and coordinated water molecules. The protons of the phenyl and pyridine
aromatic rings shifted to the 6.57-8.93 ppm region. The multiplicity and splitting of these signals
strongly support the formation of a binuclear structure, as confirmed by elemental analyses and
mass spectrometry. In addition, the single signal at 3.16 ppm is attributed to residual moisture in
the DMSO-ds solvent. The weak signals observed in the aliphatic region (1.0-1.3 ppm) of both
compounds do not belong to the Schiff base structure; rather, they are definitively attributed to
trace background impurities, including residual washing solvents (ethanol/ethyl acetate) and
vacuum silicone grease from glass vessel joints. Figure 4) shows the proton signals of the ligand.

2

Mohan/5-/L7 (H)
L7

1H NMR

1.08
105
1.03

<&

500
C (m)] G (s) L (dd)
11.71 .49 6.98
{450
7.48

s;
12.04|

>
o™
4]
=
g
2
3
3

NNNNNN

102=
0.95=
2z
2/
70
af
0
b
&
3

T T T T T T T T T T T T
21 20 19 18 17 16 15 14 13 12 11 10 9
1 (ppm)

Figure 4. Shows the proton signals of the ligand L1.
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BC-NMR

The carbon-13 nuclear magnetic resonance (**C-NMR) spectrum of the L' Schiff base ligand
showed characteristic signals for carbonyl (C=0) and azomethine (C=N) carbonates at 165.0 and
159.0 ppm, respectively. Aromatic and heterocyclic carbonates (C=C, C-C, and C-N) were
segregated within the 116.0-153.0 ppm range [26]. For the nickel(Il) compound, the complete
disappearance of the carbonyl (C=0) signal, accompanied by the appearance of a new resonance
at 175.0 ppm, confirms the association of the hydrazide moiety in its enolic form (-C=N-C-O-M).
The remaining aromatic carbon atoms were observed at 139.9 and 116.0 ppm, with some signals
being limited due to the compound's low solubility [27]. The binuclear zirconium(lV) compound
exhibited signals shifted toward the lower magnetic field at 175.46 ppm, attributed to the phenolic
carbon atom bearing the hydroxyl group (-OH), confirming its participation in the symmetry.
Azomethine (C=N) carbon atoms appeared as multiple signals around 159.45-159.96 ppm, while
aromatic (C=C) and C-N carbon atoms appeared at 114.31-151.79 ppm and 127.52-128.95 ppm,
respectively [28]. These cleavage patterns support the asymmetric environment within the
proposed multinuclear framework.

Thermal analysis TGA and DTG

Thermogravimetric analysis (TGA) and differential thermogravimetric analysis (DTA) curves for
the Schiff base and its metal compounds show that the bond undergoes thermal decomposition
from room temperature to 800 °C. For this bond, the TGA curve in Figure 5 indicates three stages
of weight loss. The first stage involved a 2.70% loss of the total bond mass between 50 and
120 °C. This range is typically associated with the loss of volatile substances, moisture, or
impurities, including solvent interference. In the second stage, approximately 41.24% of the bond
mass was lost between 120 and 400 °C. This mass is equivalent to about 99.488 g/mol, from
which the fraction (C6H6N2) was derived. In the third stage, 56.22% was lost, equivalent to
135.62 g/mol, from which the fraction (C7TH5NO2) was derived. The remaining mass was 0.1%.
This percentage is very small and does not represent a portion of the compound; it is likely due to
impurities. The two compounds selected for this analysis, nickel and zirconium, underwent the
weight-loss stages shown in the table: three stages for each compound [29].

The thermogravimetric analysis (TGA) curve in Figure 6 shows that the first two weight-loss
stages in the nickel compound involved very small mass losses, which may be due to volatile
substances, chemical reaction products, or may not be part of the compound's total mass. The
weight-loss stages of the compound are thought to have begun after 300 °C, with a loss of 30.88%
(166.543 g/mol), and it has been suggested that this loss is due to (C12NH9). The next stage
involved a loss of 60.17%, equivalent to 324.417 g/mol, and the loss of (CLOH11N5NiO4) has
been suggested. Thus, the remaining mass of the compound was 7.17%, equivalent to 48.2 g/mol.
This weight corresponds to four carbon atoms. The thermogravimetric (TGA) curve in Figure 7
shows that the weight loss of zirconium occurred in three stages. The first stage involved a 7.23%
weight loss between 50 and 140 °C, corresponding to a mass loss of 58.2 g/mol, attributed to the
proposed loss of (N2COHz). The second stage involved a 4.94% weight loss between 140 and
280 °C, equivalent to a mass loss of 39.787 g/mol, corresponding to the proposed loss of the
fraction (N2C). The third stage involved a 61% weight loss between 280 and 750 °C,
corresponding to a molar mass of 491.05 g/mol, which was attributed to the loss of the fragment
(C24ClsH160). The remaining mass from the thermal decomposition of zirconium was 26.83%,
equivalent to 215.98 g/mol, and is thought to be zirconium oxide (ZrO-) [30, 31].
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Figure 6. the TGA\DTG analysis of the NiL1 complex.
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Figure 7. The TGA\DTG analysis of the ZrL1 complex.
Biological activity and biological inhibition of corrosion

Bacterial and fungal species were isolated and classified from oil-contaminated water collected
from the target site. To evaluate the antimicrobial efficacy against these biologically corrosive
isolates, solutions of the synthesized Schiff base (L1) and its complexes were prepared at a
concentration of 0.001 M. The corrosive isolates included a sulfate-reducing bacterium, Bacillus
sp. Y2, and two fungal strains, Botrytis sp. and Absidia corymbifera [32]. For taxonomy
verification, although molecular sequencing for Bacillus sp. Y2 was unavailable due to local
infrastructural limitations. The isolate was systematically identified through comprehensive
phenotypic and biochemical profiling based on Bergey’s Manual of Systematic Bacteriology [33],
including Gram staining, endospore verification, catalase/oxidase testing, and carbohydrate
fermentation profiles. For comparative biological analysis, four pathogenic strains were tested:
Gram-positive (Staphylococcus aureus [34], Streptococcus mutans, and Enterococcus faecalis)
and Gram-negative (Pseudomonas aeruginosa). A commercial chlorine compound used at the
industrial site and standard antibiotics served as reference controls. Table 2 summarizes the
inhibition zones, highlighting the enhanced antibacterial and antifungal properties of the Schiff
base (L1) and its metal complexes [35]. Standard controls included Chlorhexidine, Kanamycin,
and Ciprofloxacin for bacteria, and Nystatin, Fenhexamid (0.045% v/v), and Voriconazole (>16
g/mL) for fungi [36-40] (where N.A = No Activity).
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Table 2. Zones of inhibition showing antibacterial activities of Schiff base(L1) and its complexes against
bacteria and fungi.

Comp. Enterobacter | Streptococcus Pseudomonas Staphylococcus| Y2 (Bacillus)
faecalis (ve+) | mutans (ve+) | aeruginosa (ve-) aureus (ve+)
Ligad L 4 20 11 20 16
ColL 5 20 11 10 5
NiL 4 20 10 10 3
CuL 6 18 13 15 8
ZrL 1 3 10 2 5
DMF - - e
Chlorine 7%., 5% 15.7
Chlorhexidine.2 3.69* 046* | 0 - | e e
KanamycinB® | - |  —em | eeeee- 1.56** | eeeee-
CIP:Ciprofloxacin.¢|  ------ | = - 0.12%** 0.12%** | -
Nystatind N.A.
Fungi L7(8) Zr (9) Ni (10) Zn (11) Co(12)
Bortryis . ++ ++ - - -
Absidia + + + + +

CONCLUSIONS

In conclusion, a novel Schiff base ligand (L1) was successfully synthesized from 2-
hydroxybenzohydrazide and 2-pyridinecarbaldehyde and systematically coordinated with a
variety of transition-metal ions. The structural flexibility of the ligand allows for distinct
coordination patterns determined by the nature and oxidation state of the metal center.
Comprehensive spectroscopic, thermal, magnetic, and conductivity evaluations confirmed the
proposed geometries and determined the composition of [M(L1).Cl,] (where M = Mn(ll), Co(ll),
Ni(ll), [Cu(L1)2H,0], [ZnClx(L1).], and the unique dinuclear framework [Zr,0,(L1),(OH)4]. The
distorted octahedral geometry and covalent nature of the copper compound were definitively
verified using X-ray diffraction on a single crystal, and the data were deposited in the Cambridge
Crystal Data Center (CCDC No. 2495340). Biologically, the synthesized compounds
demonstrated exceptional antimicrobial activity at a concentration of 10 M against highly
biofilm-forming and microbially corrosive microbial isolates. Notably, the newly developed
compounds exhibited significantly higher bactericidal efficacy than currently used commercial
chlorine-based treatments, making them highly effective alternative biocides for mitigating
microbial corrosion in industrial oil refineries.
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