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Abstract

Organic molecules with some or all of their atoms connected in rings with at least one non-carbon atom, particularly
from the nitrogen family, are common in many fields of life science and technology. They constitute the vast majority
of the molecules involved in the operation of living creatures as well as in the man-made medications, herbicides,
inhibitors, and fragrances used by man to exert control over nature. Thus, the synthesis and characterization;
antimicrobial and corrosion inhibition (Cl) studies; and DFT evaluations of some bivalent metal chelates from bidentate
imine-chelator (LH) acquired through reflux condensation of 2-hydroxyl-1-naphthaldehyde and 2-amino-6-
ethoxybenzothiazole reported in this current study. The antibacterial and antifungal properties of the synthesized
compounds were tested in-vitro against P. mirabilis, E. coli, S. aureus, K. oxytoca, S. Epidermidis, S. Pneumoniea, A.
niger, A. flavus, and Fuserium Sp. strains. The FTIR spectra of LH revealed a band at 1622cm™t, which was ascribed to
the azomethine function's(-C=N-) stretching vibration. This band appeared at lower frequencies in the M(ll) chelate
spectra, indicating chelation. The UV-Vis and magnetic susceptibility (ueff) data of the chelates propose a 6-coordinate
assemblage around the central ion except Ni(ll) chelate which adopted tetrahedral geometry. The chelates displayed
good thermal stability. Jobs method of continuous variation suggests 1:2 metal to ligand ratio. The effect of imine
chelator, LH and its metal chelates on acid deterioration of mild steel (ms) could be visible from the result that the LH
had considerable CI performance in contrast to corrosion of ms in a 1M HCI solution. Generally, the complexes exhibited
enhanced antimicrobial activity against the microbes than the free chelator. The premeditated zinc complex had the best
antibacterial activity while manganese complex showed enormously fine antifungal actions against the screened
microbes with inhibitory zones of 15.0 and 26.5 mm separately.
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Introduction

biological systems, the reactivity of these compounds has increased
biologically and their inherent chemical benefits as polydentate chelators
have promoted the increase in discovering their coordinated behavior
(Jones et al., 2016).

Schiff-based compounds are important and widely used for various
functions due to their high thermal and moisture stability at different
temperatures (Sadia et al., 2018). They are used as optical materials,
polymers, dyes, pigments, steel/iron corrosion inhibitors, as well as for

heavy metal spectral analysis and as catalysts in various related reactions
to high temperatures (Tisato et al., 1994; Meshah et al., 2018; Sadia et al.,
2018). Schiff bases (SBs) have been used to produce novel
chemotherapeutic compounds (Sadi et al., 2006) because many of them
serve as models for biological species in the field of bio-inorganic
(Debdulal, 2019). Many SB compounds exhibit remarkable catalytic
activities owing to the presence of H20 vapor (Xavier & Srividhya 2014).
Recently, there has been renewed interest in SB complexes due to the
search for drugs with better overall therapeutic effects while being less
hazardous (Zhaohua et al., 2001). Due to the complexity involved in

The thiazole ring is important in nature due to its content. Penicillin, the
first and foremost broad-spectrum antibiotic contains tetrahydrothiazole
in its structure (Linda et al., 2021). Thiazole and thiazolamine are
essential drugs (Thakar et al., 2011). Several biological activities are
known to be conceivable for compounds with thiazole and 2-
aminothiazole rings (Iswatun &Nurziana, 2021). In pharmacology, 2-
aminothiazole derivatives are widely used. They also have antibacterial
and antioxidant properties. Several aminothiazole substitutes are used as
antioxidant additives in hydrocarbons, minerals and synthetic lubricants,
as well as solid paraffins, polyolefins and vegetable fats (Mohamed et al.,
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2021). Triazine derivatives with 2-aminothiazole moiety are active anti-
scratch, anti-wear and anti-corrosion additives for lubricating oils. Rust,
especially in humid atmospheres and acidic environments, is a major
obstacle to the widespread use of ms in most industries, as it is widely
used for structural purposes (Fayomi et al. al., 2021In general, industries
use acids for pickling and cleaning of structural steel, and these processes
are always complicated by significant metal decomposition (Fayomi et
al., 2021). However, the use of inhibitors remains the most effective
corrosion prevention technique (Prakash, 2019).

Organic compounds with heteroatoms in aromatic rings are often used as
corrosion inhibitors. These compounds have the ability to adsorb onto
metal surfaces and block active sites on the surface, thereby reducing the
rate of corrosion. Many chelator-inhibitors have demonstrated good
corrosion inhibitory properties at different temperatures in different acidic
environments (Singh et al., 2020). The most effective corrosion inhibitors
such as organic molecules with polar functional groups such as sulfur,
oxygen and nitrogen have conjugated systems and hydrophobic
components that help to protect metals from corrosive environments (
Festus &Wodi 2021). Previously, our research group synthesized and
investigated the CI potential of several 2-(thiazol-2-ylamino)-2,3-
dihydonaphthalene-1-4-dione complexes (Chioma and Theresa, 2022). In
this paper, we present the synthesis of SB formed by condensing 2-
hydroxyl-1-naphthaldehyde with 2-amino-6-ethoxybenzothiazole, its
complexation with transition elements and their antimicrobial and anti-
corrosion activities.

lzN{\
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Materials and Methods

Divalent acetate salts (Mn, Ni, Cu, Zn), sulfate (Fe) and chloride (Co),
Zn-dust, 2-hydroxyl-1-naphthaldehyde (2-HNA), 2-amino-6-
ethoxybenzothiazole (2-AEBT) ), purchased from Aldrich Coy Germany.
To document the infrared and electronic spectra of the compounds, the
Perkin Elmer Spectrum-100 spectrometer with KBr plates and the PEKIN
ELMER LAMBDA 25UV/VISIBLE spectrometer (190-900 nm) were
used independently. The magnetic sensitivity of the synthesized chelates
was investigated using the Festus and Don-Lawson’s method (2018). The
antibacterial and antifungal experiments were performed exactly as
Festus et al., (2020).

Synthesis of the chelator and divalent chelates

The chelator (Figure 1) was prepared by dissolving 11.26g and 10.00g of
2-AEBT and 2-HNA in 30 mL ethanol solution. The resulting solution
was refluxed for 6 hr with stirring. The resulting pale yellow precipitate
was filtered and recrystallized with C2HsOH (Abel-Olaka et al., 2019).
The imine-chelator bivalent metal chelates were synthesized by reacting
calculated sum of the chelator (LH, 1.1 g, 1.58 x 10-3 mL) and the
respective metal (0.387 g, 0.44 g, 0.375 g, 0.39 g, 0.32 g and 0.35 g of
Mn(l1), Fe(ll) , Co(Il), Ni(ll), Cu(ll) and Zn(ll)) salts in 2:1 ratio
according to a method published in the literature (Festus et al., 2020)
(Figure 2). The resulting compounds were dried on anhydrous CaCl.
(Gomathi and Selvameena, 2013).
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Preparation of ms Coupons: The ms sheet obtained from Rivers State
University with approximate compositions: C(0.120%), Mn(9.0x10! %),
S(6.6x1072 %), P(5x102 %), Si(1x10 %) and Fe(98.314%), of thickness
0.5 and 0.7mm was cut into rectangular coupons of dimensions 40/40 mm
and 50/40 mm. The coupons were prepared following a literature method
(Madueke and Iroha, 2018)

Gravimetric Measurements: A mole of HCI solution was prepared by
diluting 37% HCI reagent grade with twofold distilled H20. For inhibition
investigations, different amounts of inhibitor solutions were produced by

dissolving the required amount of LH and its bivalent chelates in 50 mL
of 1M HCI. A blank test solution of 100 mL of 1M HCI without the
inhibitor was prepared. The weight loss experiment was carried out
exactly as earlier described by Festus and Wodi (2021).

Results and Discussion
Physiochemical Data

The synthesized compounds were typically colored solids that were
soluble in organic solvents but varied in their stability in air. Acquired
data denotes that a molar ratio of 1:2 of M-L, which supports the
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stoichiometry of the type [M(L)z2] and [M(L)2(H20):] for the 4- and 6-
coordinate chelates, respectively. The molar conductance values found in
(CH3)2SO were very low (9.3-37.2 ohmcm?) to allow complex
dissociation and indicate the complexes' non-electrolytic character.
Except for zn(ll) chelate, which was diamagnetic, the peff result
indicated that other chelates were paramagnetic (Table 1). The peff values
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of the chelates at room temperature were also compatible with 6-
coordinate assemblage, with the exception of Ni(ll) chelate, which
revealed tetrahedral geometry. The chelates had greater melting points
than the parent imine chelator, indicating that they were more stable than
the imine chelator.

Compounds Molecular M. Pt(c°)/ Shade peff Ohm!
Weight Yield(%) (BM) cm?mol?
LH 347.01 180-183 Yellow - -
C20H1502N2S /76
[Mn(L)2(H20)2] 975.702 210-212 Deep brown 6.81 09.3
MnCaoH3406N4S2 /51
[Fe(L) 2(H20)2] 928.834 194-197 Brown 6.77 28.7
FeCaoH3406N4S2 /70
[Co(L)2]H20 968.542 245-247 Dark brown 4,93 37.2
CoCs0H3205N4S2 /41
[Ni(L) 2(H20)] 979.462 239-242 | Oxy-blood brown 4.0 20.1
NiCaoH3205N4S2 /33
[Cu(L)2(H20)2] 937.104 230-232 Light brown 2.2 33.9
CuCaoH3406N4S22 /69
[Zn(L)2(H20)2] 986.124 280-283 Orange 0.76 15.9
ZnC40H3406N4S2 /70

Table 1: The physicochemical data of the imine chelator and its M(11) chelates

FT-IR Spectra

Table 2 describes the stretching vibrations of the imine chelator, LH, and
its chelates. With an absorption band at 1622 ¢cm-, the infrared spectra of
LH indicated the formation of imine bonds (-C=N-) and the lack of
carbony1 bonds (C=0). The latter was present in the chelates as well, albeit
at lower wavenumbers between 1616 and 1620 cm, indicating the
participation of the imine N-atom in coordinating with the M(II) ions
(Festus, 2017). Similarly, at 1600-1602cm, the stretching vibration of C=C
groups was seen in the spectra of LH and its chelates. A broad absorption
band at 3337cm™ was ascribed to intra-molecular H-bonding vibration (vO-
H), which was frequently observed in imine chelators containing hydroxyl
groups (Sayed et al., 2020, Kpee et al., 2018). The detected OH bending
vibration at 940 cm™ in the chelator shifted to a higher wavenumber in the
chelates, demonstrating the existence of H20 molecules (Festus et al., 2021;
Chioma et al., 2023). The weak absorption bands found in the chelates of
[Co(L)2(H20)2], [Cu(L)2(H20)2], and [Zn(L)2(H20)2]were assigned to the

(=C-H) aromatic stretching vibration, whereas the (C-H) aliphatic
asymmetric stretching band was detected at 2926 cm but moved to a higher
wavenumber (2976-2978) cmt in the spectra of the chelates. Furthermore,
C-O absorptions between 1057-1142 c¢cm™ suggest the existence of an
alcohol/phenol group (Amani et al., 2018). A sharp but short intensity band
at 1213-1264 cm™ was designated to stretching vibration of N(C-N)
automatic group (Sahar et al., 2021). This band shifted to emerge as a sharp
albeit medium intensity band in the chelates’ spectra between 813-834 cm”
! (Fengtao et al., 2018). The LH acted as an asymmetric bi-dentate chelator
composed of N and O atoms from an amine and carbonyl moieties. Due to
the participation of carbonyl O and deprotonated amine N atoms binding to
the M(I1) ions, two additional bands at 633-588 and 403-499 cm* formed
in the far infrared portion of the complexes' spectra, indicating the
establishment of metal to nitrogen (M-N) and metal to oxygen (M-O) bonds
(Aliyu and Sani, 2012).

Compound LH [Mn(L)2 [Fe(L)2 [Co(L)2 [Ni(L)2 [Cu(L)2 | [Zn(L)2

(H20)7] (H20)7] (H20)7] (H20)] (H20)2] | (H20)7]
OH/H.0 3337 3417 3433 3418 3420 3422 3425
-C=N 1622 1621 1622 1617 1620 1616 1618
-C=C 1601 1601 1602 1601 1602 1660 1601
Aromatic C-N 1232 1270 1232 1230 1213 1264 1231
Stretch C-O 1057 1142 1059 1058 1062 1066 1058
C-H Stretch 2926 2977 2978 2976 2925 2977 2976
Aliphatic C-C 1036 1058 1036 1041 1062 1042 1042
C-S 813 813 813 829 834 826 832
C-C Stretch (n ring) 1574 1574 1575 1576 1578 1573 1581
=C-H Aromatic - - - 3059 - 3059 3041
CH rocking in plane 748 743 743 744 750 745 744
OH bending 942 942 964 975 979 984 974
=C-H aromatic bend - - 942 941 943 946 942
CHzin plane bending 1450 1450 1457 1453 1439 1453 1455
CHsbend - - - 1376 1365 1378 1379
M-N - 591 616 633 686 633 590
M-O - 487 433 492 658 499 493

Table 2: FTIR of the Imine chelator, LH and its bivalent metal chelates
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Electronic spectral, Molar Conductivity and Magnetic Moment
measurements

The compounds' Uv-vis spectra revealed intra-chelator (n—m*,
n—n*)and intra/inter chelates (d-d, L—MCT) transitions. The
geometries of the chelates were assigned based on electronic absorptions
and peff data (Festus et al., 2021; Nevin and Kenan, 2018). The ultraviolet
spectra of the imine chelator showed five bands. The bands at 40222 and
33784 cm™ were caused by charge transfer and =—n* transitions in the
LH naphthalene unit (Ajlouni et al., 2012, Taha et al., 2012, Festus et al.,
2021). The latter also appeared at lesser wavenumbers within the spectra
of the bivalent chelates due to chelation of the LH with the M(lI) ions.
The bands assigned to intra-LH (n—=w*) for [Mn(L)2(H20)2],
[Fe(L)2(H20)2], [Co(L)2(H20)2], [Ni(L)2]J(H20) and [Cu(L)2(H20)2]
chelates were observed at 39841 and 33898; 33784 and 33003; 39841,
39841 and 33784; and, 39683 and 33784 cm correspondingly. Based on
LH field transitions, the spectra of [Fe(L)2(H20)2] and [Zn(L)2(H20):]
chelates revealed additional low intensity bands in the visible area
(Chioma, 2017b). The [Mn(L)2(H20)z] chelate exhibited a band at 25000
cm? that might be attributed to a n—7* transition associated with imine
moiety coupling (Gomathi and Selvameena, 2013). Other bands at 16611,
15674, and 14641 cm™ were ascribed to 6A1g—*T1(G), 8A13—*T1g, and
6A14—*T2g(G) transitions respectively typical of a 6-coordinate
assemblage. Fe(ll) chelates are found in coordination sites that are near to
octahedral and tetrahedral symmetry (Cotton et al., 1999). The
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[Fe(L)2(H20)2] chelate demonstrated a n—n* transition at 29851cm™,
with large bands owing to Jahn Teller effects at 16077 and 14684cm?
attributable to the 5Tog—%Eg transition and compatible with a 6-
coordinate geometry (Chioma et al., 2023). High spin Co(ll) chelates with
4Ta(t2%?) and 2E(t2%!) configurations frequently exhibit spin crossover
equilibrium (Festus et al., 2021). Two absorption bands at 15625 and
14771 cm in the visible spectra of the [Co(L)2(H20)2 chelate were
identified and ascribed to “Tig—*A2 and “Tig—*T1g(P) transitions
corresponding to a d’ high spin octahedral system with 47 ground term
(Festus and Okocha, 2017). The assignment of high spin 6-coordinate
assemblage to the latter was verified by the calculated peff of 4.9BM since
peff of Co(ll) chelates were likely to be higher than the spin only value
for 6-coordinate octahedral chelates due to orbital contributions (Nevin
and Kenan, 2018, Festus, 2017). Two visible spectral bands at 15549-
14706 cm™* were ascribed to the 3Ax;—3T14(F) transition by the Ni(ll)
chelate. An ueff of 4.0 BM found for the Ni(ll) chelate clearly supported
the attribution to tetrahedral assembly. Bivalent nickel chelates with
tetrahedral structure are paramagnetic, with peff values ranging from 3.70
to 4.0BM (Munde et al., 2012). The spectra of Cu(ll) chelate showed a
wide band at 13123, 14728, and 15924 cm™ ascribed to the
2Eq—2Tog transition induced by Jahn-Teller distortion 6-coordinate
assemblage (Cotton et al., 1999). The absence of bands below 10,000 cm-
! ruled out a tetrahedral shape. The visible spectra of the Zn(ll) chelate
did not display any d-d transition band, which is typical with Zn(Il)
chelates. The chelates' molar conductivity values (Table 1) are in the
range 9.3-37.2 Qcmmol, indicating their non-electrolytic character.

COMPOUNDS ABSORPTION BAND ASSIGNMENT GEOMETRY
LH 40323 CT
33784
19531
[Mn(L)2(H20) 2] 39841, 33898 n—1* Octahedral
25000 n —u*
16611 6AIg—*Tig
15674 6AIg—*Tig
14641 bAig—*Tag
[Fe(L)2(H20):] 40161 CTT Octahedral
33784, 33003 T —n*
29,851 n —mu*
16,077 5T2g—%Eig
14,684 4T2g—5Eig
[Co(L) 2(H20)] 39,841 n—7* Octahedral
15,625 4T1g—*Azg
14771 4T1g—*Asg
[Ni(L)2](H20) 39841, 33784 T -1 Tetrahedral
15649 ST1—3T)(F)
14706 2A1-3T4(F)
[Cu(L)2(H20)2] 39683, 33784 T —T* Octahedral
15924 2E4—2T g
14728, 13123 2B1g—?Auq
[Zn(L)2(H20)2] 40323 M-LCT Octahedral
18416, 15456

Table 3: Electronic Absorption (cm™) Spectra data of the Compound

Biological Studies

Antibacterial Activities: Antibacterial activities of LH and its bivalent
chelates were assessed on six microbial strains S. aureus, E. coil, S.
Epidermis, K. oxytoca, S. pneunoniea and P. mirabilis via a disc diffusion
method (Sharma et al, 2009). Streptomycin was utilized as positive
control. The antibacterial results (Table 4) demonstrated that, with the
exception of P. mirabilis, the tested chelates were active against the
microorganisms. This might be related to the chelation effect, which
boosts antibacterial activities principally due to the partial dispersion of
oxidative charge resident on the M?* with LH heteroatoms and possible
electron delocalization on the cyclic rings (Atmaram et al., 2011; Chioma,

2017h). Zn(L)2(H20z2) chelates inhibited S. pneumoniea more effectively,
with inhibitory zones of 9.0 and 15.0 mm, respectively. The chelator was
exclusively effective against K. oxytoca. The Ni(ll) plus Zn(ll) chelates
repressed S. pneumoniea more efficiently, with inhibitory zones of 9.0
and 15.0 mm, respectively. The sensitivity of Ni(ll) and Zn(ll) chelates
could be attributed to bacterial organisms producing potent protein toxins
to activate their cell surface proteins, preventing adequate permeation of
the chelates into the bacteria cells, as well as lower lipophilicity of the
chelates, which also reduces their penetration through the lipid cell
membrane (Festus et al., 2021). The Mn(I1) plus Ni(Il) chelates remained
inactive against all the microbes except S. epidermidis. [Fe(L)2(H20)]
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remained active against 4 organisms; S. aureus, E. coil, K. oxytoca and S.
pneumoniea with inhibitory zones range of 4.0-7.0 mm. [Co(L)2H202]
had a little antibacterial effect on S. aureus and S. epidermidis but had no
effect on other bacterial species. Except for S. pneumoniea, which showed
an inhibitory zone of 5.0 mm, the [Cu(L)2(H20] chelate had no effect
against all bacteria species. The inhibitory zone of Zn(L) 2(H20)2 against
S. pneumoniea was 15.0 mm, which was more than the antibacterial
medication employed. The superior antibacterial activity of the
Zn(L)2(H20)2 complex over the comparable chelating drugs may be
explained using the overtone idea and Tweedy's chelation theory (Festus
etal., 2021).

According to the overtone notion of cell permeability, the hydrophobicity
of the lipid membrane that surrounds the cell enables only lipid soluble
molecules to pass through, which is a vital factor that affects anti-
microbial action (Puja et al., 2016, Faraja et al., 2018). The polarity of the
metal ion is greatly reduced during chelation due to chelator orbital
overlap and partial sharing of the metal ion's positive charge with donor
groups. Furthermore, it promotes the delocalization of elections across the
whole chelate ring and increases the lipophilicity of the chelates (Ahmed
et al., 2015). This enhanced lipophilicity facilitates the entry of chelates

Page 5 of 11

into lipid membranes, halting the numerous metabolic processes of
microorganisms. The enhanced activity of chelates can be attributed to
the presence of a M+ ion in normal cell activities (Chaturvedi, D.,
&Kamboj, M. 2016).

Antifungal Activity: The chelator and its M(ll) chelates were further
tested for anti-fungal activity against three fungal strains: A. flavus,
Fuserium sp, and A. niger. The positive control was miconaozole. The
antifungal results (Table 4) revealed that [Mn(L)2(H20)2] had the most
potent antifungal activity against A. niger. Antifungal activities revealed
that the chelator had a lower inhibitory impact on the fungus with
inhibition zones lower than its chelates. However, after coordination with
metal ions, the latter's effects were more effective and prominent. This
increase might be attributed to chelate toxicity, which is caused by a
synergistic impact between the metal ion and the Lewis base. Other
aspects that may have contributed to the chelates' improved antifungal
activity include chelation and a greater steadiness constant. All The
chelates displayed comparable inhibitory zones with A. flavus and A.
niger to the conventional medication (El-Sherif et al., 2012; Chioma,
2017b). When compared to the usual medication, the bivalent chelates
demonstrated more pronounced antifungal activity.

Compounds Bacterial Organisms Fungal Organisms
S. aureus E. S. K. S. pneumonieaP. mirabiliy A. flavus | Fuserium A.
coli epidermidis | oxytoca Sp niger
LH 0.0+0.0 | 0.020.0 0.0£0.0 8.0+0.0 0.0+0.0 0.0+0.0 | 15.5+05| 6.0+0.0 | 23.0+1.0
[Mn(L)2(H20)-] .0£0.0 0.0£0.0 8.0+0.0 0.0£0.0 0.0£0.0 0.0+0.0 | 175#05| 8.0#0.0 | 26.5+0.5
[Fe(L)2(H20):] 6.5£0.0 | 4.0£0.0 0.0£0.0 6.5+0.0 6.0+0.0 0.0+0.0 | 21.0£#1.0 | 21.0+1.0 | 20.5+0.5
[Co(L)2(H20).], | 5.5+.5.0 | 0.0+0.0 8.0+0.0 0.0£0.0 0.0£0.0 0.0+0.0 | 13.0+#1.0| 0.0#0.0 | 26.0+0.0
[Ni(L)2]H20 0.0+0.0 | 0.00.0 9.0+1.0 0.0+0.0 0.0+0.0 0.0+0.0 | 11.5+05| 0.0+0.0 | 25.0+1.0
[Cu(L)2(H20)7] 0.0+0.0 | 0.00.0 0.0£0.0 0.0+0.0 4.5+0.5 0.0+0.0 | 12.0+0.0 | 14.5+0.5 | 26.0+0.0
[Zn(L)2(H20)2] | 11.0+£1.0 | 0.0+0.0 0.0£0.0 0.0£0.0 15.0+1 0.0+0.0 | 14.0#0.0 | 20.0+0.0 | 22.0+0.0
Streptomycin/ | 14.0£0.0 | 15.0+1.0 11.0+1 12.0+0 13.5+.5 9.0+£1.0 | 8.0+0.0 0.0+0.0 | 10.0+0.0
Miconazole

TABLE 4: Anti-Bacteriological Actions of LH and its bivalent metal chelates

Cl - DATA

Gravimetric Measurements: Gravimetric measurements of ms were
performed at 303K in the absence and presence of 100-500 ppm uniform
complex solution to investigate the influence of LH and its chelates on
corrosion of ms in 1M HCI. As a control, a 100 ppm blank solution with
no chemical was used. Table 5 and Figures 1(a) and (b) show the
percentage (%) IE and CR determined from weight decreases over 5
hours. The research showed that LH and its chelates have significant ClI
potentials in comparison to ms corrosion in a 1M HCI solution. The better
inhibitory result of LH might be attributed to chelation via the donor
acceptor interaction between the undistributed electron pairs of LH donor
atoms and metal ions (Jacob et al., 2010; Odozi et al., 2020). The chelates
outperformed the uncoordinated LH in terms of IE. The latter may be
attributable to the chelates' huge masses and molecular planarity. Table 6
summarizes the findings of CR, ©, and IE from gravimetric assessment at

different doses of the inhibitor(s) at constant temperature and different
times. The research demonstrated that as concentrations increased, CR
reduced. The drop is due to the inhibitor concentration's inhibitive impact.
It was also discovered that as inhibitor concentration rose, IE increased,
yielding values of 94.34%, 97.62%, 97.92%, 97.28%, 94.44%, and
93.22% for LH, Mn(ll), Fe(ll), Co(ll), Ni(ll), and Zn(ll), respectively.
This might be attributed to LH adsorption on the ms surface by bonding
free electron pairs of N- and O-atoms, as well as -electrons of the cyclic
rings combining with the imine moiety. The chelates were arranged as
follows: Fe(I1)>Mn(11)>Co(Il)>Ni(Il)>LH>Zn (Il). This denoted that
Fe(ll) chelate had the greatest IE (97.92%), while Zn(I1) chelate had the
lowest (93.22%). The discrepancy in inhibitory performance was most
likely due to differences in the chelates' stability and solubility in acid
solution (Mahendra et al., 2012, Festus and Wodi 2021).

compound CONC. CR % IE o AW
LH BLANK 0.0053 - - 0.0265
100 0.0042 20.75 0.2075 0.0210
200 0.0038 28.30 0.2830 0.0190
300 0.0007 86.79 0.8679 0.0035
400 0.0004 92.45 0.9245 0.0020
500 0.0003 94.34 0.9434 0.0015
[Mn(L)2(H20)2] BLANK 0.0042 - - 0.0210
100 0.0006 85.71 0.8571 0.0030
200 0.0004 90.48 0.9048 0.0020
300 0.0003 92.86 0.9286 0.0015
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400 0.0002 95.24 0.9524 0.0010
500 0.0001 97.62 0.9762 0.0005
[Fe(L)2(H20)2] BLANK 0.0060 - - 0.0300
100 0.0038 87.50 0.8750 0.0038
200 0.0040 93.00 0.9300 0.0020
300 0.0004 93.75 0.9375 0.0019
400 0.0003 95.83 0.9583 0.0003
500 0.0001 97.92 0.9792 0.0006
[Co(L)2(Hz0)2] BLANK 0.0046 - - 0.0231
100 0.0010 78.26 0.7826 0.0050
200 0.0006 86.41 0.8641 0.0031
300 0.0004 91.85 0.9185 0.0018
400 0.0003 9457 0.9457 0.0013
500 0.0001 97.28 0.9728 0.0006
[Ni(L)2(H20)] BLANK 0.0045 - - 0.0225
100 0.0020 55.56 0.5556 0.0100
200 0.0008 83.33 0.8333 0.0038
300 0.0005 88.89 0.8889 0.0025
400 0.0004 91.67 0.9167 0.0018
500 0.0003 94.44 0.9444 0.0013
Zn(L)2(2H:0) BLANK 0.0059 - - 0.0295
100 0.0021 64.41 0.6441 0.0105
200 0.0008 86.44 0.8644 0.0040
300 0.0007 88.14 0.8814 0.0035
400 0.0006 89.83 0.8983 0.0030
500 0.0004 93.22 0.9322 0.0020

Table 5: The weight, % IE and CR obtained for a ms immersed in 1M HCI of the compounds at 303K for 5 hr

CORROSION RATE VS
CONCENTRATION OF CHELATE
AND ITS METAL(IT) COMPLEXES

: 0.01
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T 0.002 “ l‘ l [Fe(L)2(H20)]

g 0 et~ m[Co(L)2]H20
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Figure 1: variation of CR (a) and IE (b) against concentration of LH and its chelates at 303K

Quantum (Dft) Studies

Global Reactivity: The quantum chemical calculations and DFT
methods adopted were as reported in literature (Chioma et al., 2022; Wodi
et al., 2022). Figure 2 shows the optimized chemical structure of LH and
its complexes. Figure 3 depicts the optimized HOMO and LUMO orbital
structures for the compounds. As revealed in Table 6, the complexes
studied, exhibited greater EHOMO data but lesser ELUMO data. Zn(ll)
complex had the highest EHOMO value (-5.288793 eV) whereas Fe(Il)
complex had least EHOMO value of -4.719804 eV. It is obvious that the
HOMO level was located on both N plus O atoms; so these spots were
preferred for the electrophilic evaluation on the metal exterior. Such
justifications denote the capability of the chelates to be adsorbed on the

metal exterior, therefore suggesting the anticorrosion potential, which
conforms with the investigational results (Festus et al., 2020; Gouda et
al., 2022). EHOMO is regularly connected with the strength of a molecule
to give electron (Popova et al., 2003). Enhanced value of EHOMO
matched to that of ELUMO connotes that the molecule is an electron giver
to a appropriate electron acceptor possessing low unfilled molecular
orbital. This high value boosts the adsorption that further impedes
corrosion on the metal surface. ELUMO energy confirms the strength of
a molecule to accept electron (Popova et al., 2003), and low data of
ELUMO connotes that the molecule will possess improved potential
electron acceptor. LH ligand had the lowest ELUMO with a value of -
2.07323 eV, in agreement with experimental data.
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Figure 2: Optimized structures for LH and its complexes calculated by B3LYP/6-31G (d, p)

The low value of AEindicates a greater propensity of inhibitor to be
adsorbed on the steels exterior (Festus et al., 2020, Abd El-Lateef et al.,
2020). As verified in Table 6, all the complexes displayed low energy gap
(ELUMO- EHOMO) indicating high reactivity. These AE values
(3.20169-1.694721eV) designate a transfer of electron from HOMO to
LUMO. This denotes that the complexes have excellent adsorption

strength and can increase chemical reactions because they all have low
energy gap values, with LH having the lowest tendency to accept an
electron, indicating a lower tendency for electrons to move to the excited
state when compared to its chelates. Because of its lower energy gap, the
[Cu(L)2(H20)2] complex showed a stronger inclination to donate
electrons than others (1.694721 eV).

Parameters HL [Mn(L)2 [Fe(L)2 [Co(L)2 [Ni(L) 2 [Cu(L)2 Zn(L) 22H20
Inhibitors(eV) (H20)2] (H20)2] (H20)2] (H20)] (H20)2]

Enomo -5.27492 | -4.904025 | -4.719804 | -5.169593 | -5.19245851 -4.9862032 -5.288793
ELumo -2.07323 | -2.400311 | -2.389971 | -2.552694 -2.1603071 -3.29148187 -2.420447
AE 3.20169 2.503714 2.329833 2.616899 3.0321514 1.694721 2.867483
lonization potential 5.27492 | 4.904025 | 4.719804 | 5.169593 | 5.192458508 4.9862032 5.288793
Electron Affinity 2.07323 2.400311 2.389971 2.552694 2.1603071 3.29148187 2.420447
Electronegativity y 3.36741 3.652168 | 3.5548875 | 3.861144 3.6763828 4.1388425 3.854689
CH pot -3.36741 | -3.652168 | -3.554888 | -3.861144 -3.6763828 -4.1388425 -3.854689
Hardness n 1.600845 | 1.251857 | 1.1649165 | 1.308450 1.516075704 0.84736067 1.434173
Softness o 0.624670 | 0.798813 | 0.8584306 | 0.764263 | 0.659597668 | 1.180135019 0.697266
Electrophilicity index ® 4.216168 | 5.327418 | 5.4240905 | 5.696983 4.45749195 10.10786661 5.180207
Chemical potential p 3.716718 | 2.159003 4.123912 7.930256 4.813942 6.337552 6.745878

Table 6: Quantum Chemical Variables

The high y values depict the potential of inhibitors to receive electrons,
forming a strong bond with the metal atom (Abd El-Lateef et al., 2020),
on the other hand, less y data proves the capability of inhibitor molecules
to give out electrons. Many inhibitors display averagely less y data
suggestive of their strength to give out electrons. Our acquired data (Table
7) depicts that the  of all the compounds were very low indicative that
they're all electron donors with [Cu(L)2(H20)2] complex having the
highest value of 4.1388425 eV and LH having the least value of 3.36741
eV (Upadhyay et al., 2021; Wodi et al., 2022). Often, compounds are

evaluated for firmness plus susceptibility from its # or ¢ values. A soft
molecule has a small energy gap while a hard molecule has a large energy
gap (Spirtovic-Halilovic et al., 2014). In this current work, the compounds
displayed low energy gaps, hence are soft molecules. They all show
strong strength to inhibit electron transfer to the studied steel, giving rise
to a strong anticorrosion potential.

To appraise the exclusion value of a compound, dipole moment (DM) is
adopted (Oyebamiji & Adeleke 2018). Increase in DM produces
corresponding a rise in the efficiency of the CI (Singh et al., 2020).
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Looking through Table 6, the calculated DM reveal that all studied
complexes except [Mn(L)2(H20)2] (with low DM), possess the tendency
to interact with high DM species such as biological systems due to high
DM character (Chioma et al., 2023). The A disclosures an entire energy
needed for a chelator to become electron acceptor whereas the | depicts
the strength of a chelator to become an electron donor (Odozi et al., 2020;
Gouda et al., 2022). The result obtained for | and A for the compounds
studied depicts high figures of | and low figures for A corroborating the
strength of the compounds both to give and receive electrons. The o factor

w8

LH HOMO

Py 4";*.
‘ph%"

LH LUMO
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estimates chemical reactivity as it affords data on both 1 and p of a
compound. Higher data of ® were taken to depict a better electrophile
while a lesser @ data denote nucleophilic strength (Gouda et al., 2022;
Bououden et al., 2020; Diki et al., 2021). The low electrophilic values of
v = 4216168¢V (LH), ¥ =5.327418¢V ([Mn(L)2(H20)2]), w
=5.4240905eV ([Fe(L)2(H20)2]), ¥ = 5.696983¢eV ([Co(L)2(H20)2], ¥ =
4.45749195 eV [Ni(L)2]Hz20, w = 10.10786661 ¢V [Cu(L)2(H20)2] and v
= 5.180207 eV Zn(L)2(H20)2] compounds shows they were good
nucleophiles which indicates higher chemical reactivity.

Mn HOMO

Co LUMO

e -
>,
Ni LUMO
-

» . o0 ' - -

- - 2N St i

& . S % R
2% » Ty : . g Do
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Cu LUMO
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Figure 3: HOMO and LUMO diagrams of the chelator and its chelates by B3LYP/6-31G (d, p)

Conclusion

An imine chelator obtained from the condensation of 2-HNA and 2-
AEBT as well as its bivalent chelates have been synthesized and
characterized. Additionally, they were examined for biological and CI
potentials. A 6-coordinate assemblage was assigned to the bivalent

chelates on the basis of UV-vis and uesidata except for Ni(Il) chelate which
adopted tetrahedral geometry. The low conductance data supported the
fact that the chelates were non electrolytes. The imine chelator plus its
chelates had myriad shades distinctive from their precursors. The FTIR
spectrum of the chelator presented a band at 1622cm -‘that shifted to
1616-6220 cm in the chelates, and was assigned to -C=N- moiety. This
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present study showed that [Zn(L)2(H20)2] had the highest antibacterial
actions against Streptococcus p. The highest antifungal action was
displayed against A. niger by [Mn(L)2(H20)2] chelate (26.5mm). The
effect of imine chelator on acid corrosion of ms could be evident from the
result that the chelator showed considerable CI behavior in opposition to
corrosion of ms in a 1M HCI solution. The absorption of the composite
compounds on the metal surface which was proven by the Density
Functional Theory calculations showed that the chelator and its chelates
are potential corrosion inhibitors for steel protection.
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