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Antibacterial and Antifungal Assay of Fe, Ni, Cu and Zn (II) Complexes Derived from Schiff Base Ligands


___________________________________________________________________________
Abstract
Four new transition metal complexes were synthesised for in-vitro antibacterial and antifungalscreening. Already prepared Schiff base and an N-based donor chelators (2,2-bipyridine) were successfully used for the production of the metal complexes in a stoichiometric ratio 1: 1: 1. The study aims to explore the antibacterial and antifungal assay of Fe, Ni, Cu and Zn(II) complexes derived from schiff base base ligands. The metal(II) salts were differently measured FeSO4.7H2O (0.199 g), Ni(CO2CH3)2.4H2O (0.179 g), Cu(CO2CH3)2.2H2O (0.156 g) and Zn(CO2CH3).2H2O (0.158 g) and differently added to the mixture of the chelators, 0.5 g (7.18 x 10-4 mol) of N-(2-hydroxy-1-naphthaldehyde)-2-amino-6-nitrobenzothiazole (C18H11N3O3S) and 0.223 g of 2,2'-bipyridine (C10H8N2) the next step was the addition of 10 mL of CH3CH2OH and 8 drops of triethylamine (CH3)3NH3. This was then subjected to reflux for 6 h between 40 – 60 oC, placed on a magnetic stirrer. On the expiration of the reaction time, products were obtained which were then cooled at room temperature (RT), filtered and dried. The mass and % yield were also calculated. The structural elucidation of the novel complexes machinewas carried out with the aid of FT-IR, UV-visible spectroscopies, and a melting point machine,  machine while the solubility test was conducted using six different solvents. Using the agar diffusion method, the in-vitro antibacterial and antifungal assay was carried out with three different fungi (Aspergillus niger, Rhizopus stalonfer and Aspergillus flaus) and six different bacteria (Klebsiella pneumoniae, Proteus mirabilis, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus cereus and Salmonella typhi) and The complexes had inhibitory activity against the six bacteria in the range 2.0 – 12.0 mm. [Cu(C36H22O11N6S3Cl2]nH2O and [Zn(C30H21O3N5S)]nH2O complexes were able to inhibit all the bacterial strains in the range (2.0 – 11.0 mm) and so, are the best performed and [Fe(C28H18O5N5S2]nH2O the least performed. On the other hand, the complexes inhibited the fungi in the range 1.0 – 17.0 mm with [Fe(C28H18O5N5S2]nH2O reported as the best performed in the range 11.0 – 17.0 mm, while [Zn(C30H21O3N5S)]nH2O was the least performed. The standard drugs used for this study outperformed the complexes in bacterialthe range 9.0 – 19.0 mm for streptomycin against bacteria  bacterial and 16.0 – 19.5 mm for miconazole against fungi, except in one case where the newly synthesised Fe2+ complex performed better than the standard against Rhizopus stalonfer.
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Introduction
Schiff-base ligands have played a significant role in the evolution of contemporary coordination chemistry. It is a peculiar type of ligand possessing a diversity of donor atoms that exhibits remarkable coordination modes towards transition metals, with the existence of an azomethine linkage influencing biological activities (Soroceanu & Bargan, 2022; Kumar et al., 2024). Schiff base ligands represent a significant category of organic compounds characterised by the distinctive functional group (-C=N), which are often regarded as ‘advantaged ligands’ due to their straightforward synthesis through the reflux condensation reaction of amines with alkanals or alkanones, where a water molecule is eliminated [27]. Research on the synthesis of Schiff bases indicates that incorporating organic acids like glacial acetic acid and removing water during the reaction can enhance the yield. Amongst the two carbonyl functional groups, major Schiff base compounds have been synthesised by the reaction of alkanals with primary amines. However, only small amounts have been made with ketones since they are uncommon among Schiff base substrates and have a tendency to produce imines over long periods of time at high temperatures [27]. Also, compounds with aromatic groups are less reactive and would need harsher conditions than aliphatic ones when ketones are utilised [36]. 
The general formula for Schiff bases is R1N=CR2R3, where R1 is an alkyl or phenyl group that gives the Schiff base its stability [4]. Schiff bases are significant classes of organic compounds that have a wide range of uses in coordination chemistry, textiles, medicine, and corrosion prevention, among other fields. Further coordination of Schiff bases with metals improves their biological activity [24]. These Schiff bases are highly likely to combine with metals in different oxidation states to create coordination compounds with different coordination numbers [4, 14, 19, 26, 29, 31]. These metal ions are found in biological systems and are endogenous and biocompatible [20, 22]. These days, they can be found in a number of inorganic medications, both as Schiff base complexes and other inorganic forms that treat a range of illnesses [22]. 
Schiff bases complexes of Ni (II), Cu (II) and Zn (II) have distinctive properties and novel reactivity, which serve as a base for the evolution of complex compounds for potential application in various fields. These new and unusual properties open a new horizon to study their medical, analytical and biological prospects. (Kargar et al., 2021). Schiff bases had to be used to produce coordination compounds in order to discover new active molecules with increased selectivity, efficacy, and modes of action. Since multidrug resistance and toxicity issues with many therapeutic medications have become urgent issues [30]. Transition metal complexes based on Schiff bases have received a lot of attention, and many of them have been found to have significant biological effects [6]. Transition metal complexes are applying substitutes for tiny organic molecules in the formulation of medicines due to their many benefits. Depending on the metal ion's coordination number, they can take on a variety of geometries, such as octahedral, square-planar, square-pyramidal, and trigonal-bipyramidal. Since carbon can only have a coordination number of four, solely organic molecules can only have linear, trigonal planar, or tetrahedral forms, making many of these geometries inaccessible. Therefore, transition metal complexes may be able to sample areas of the chemical space that are unavailable to organic molecules due to the variety of molecular configurations they provide. 
Furthermore, metal complexes have the ability to go through ligand-exchange and redox processes within the body, which enables the occurrence of special mechanisms of action [7]. In general, metal complexes have the potential to be more advantageous than organic agents alone due to the inherent nature of their centres, distinctive coordination modes, accessible redox states, and kinetic features [6]. But the ligands' function in the metal complex is equally crucial. For instance, they regulate the metal's reactivity and establish the type of interactions that take place when biological target sites like DNA, enzymes, and protein receptors are recognised. As a result, selecting the right ligands is essential for creating metal-based medications. As a result, a lot of research has been done on the coordination chemistry of ligands that contain nitrogen and sulfur, like Schiff bases [28, 35]. Such complexes are target-specific, less poisonous, and more effective. Hence, the a need for these studies for more preparation of Schiff base complexes of significant impact in medicine [20, 33].

[bookmark: _GoBack]Materials and Methods
Experimentation 
FeSO4.7H2O (Iron(II) tetraoxosulphate(VI) heptahydrate), CoCl2.6H2O (cobalt(II) chloride hexahydrate), Ni(CH3COO)2.4H2O (nickel(II) acetate tetrahydrate), Cu(CH3COO)2.2H2O (copper(II) acetate dihydrate), Zn(CH3COO)2.4H2O (zinc(II) acetate dihydrate), N-(2-hydroxy-1-naphthaldehyde)-2-amino-6-nitrobenzothiazole (C18H11N3O3S), 2,2’-bipyridine (C10H8N2), H2O (distilled water), CH3COOH (acetic acid), CH3CH2NH2 (triethylamine), CH3CH2OH (ethanol), CHCl3 (chloroform), CH3OH (methanol), CH2Cl2 (dichloromethane), CH3COCH3 (acetone), HCl (hydrochloric acid), drying agent, Dimethylformaldehyde (DMF), Dimethylsulphoxide (DMSO), these reagent were used as received obtained from the major supplier (Bristol scientific).

Structural Elucidation: These functional groups, as listed: -C=NH, OH, M-O and M-N are the major ones present in the complexes. They were identified using the FT-IR spectra of the complexes as obtained with the aid of a PerkinElmer Fourier Transform Infrared Spectrophotometer in the region 400 – 4000 cm–1. While the electronic transition spectra of the compounds used in assigning electronic transitions were recorded with the aid of a Perkin Elmer UV/Vis spectrometer from 900 to 190 nm at RT. Solubility test for all metal complexes was conducted at RT employing seven different solvents. Using an electrochemical melting point machine and transparent cut-glass capillary tubes, the melting/decomposition points for all the compounds were obtained. 

Antibacterial and Antifungi Assay: To conduct this test, DMSO was first used to dissolve the four complexes and with the aid of an injection syringe, 80 uL each of the sample were carefully inoculated into the wells (8 mm) of nutrient ager containing three different fungi: Rhizopus stalonfer (R.s), Aspergillus flaus (A.f) and Aspergillus niger (A.n) and six different bacterial strains: Klebsiella pneumoniae (K.p), Proteus mirabilis (P.m), Staphylococcus aureus (S.a), Bacillus cereus (B.c), Pseudomonas aeruginosa (P.a), and Salmonella typhi (S.t) placed in separate plates. This in-vitro study was done in duplicate, with Miconazole and Streptomycin drugs provided as the standard for fungi and bacteria separately. The inoculated plates were incubated at different temperatures and times, for all the bacteria, the duration was 18-24 h at 37 oC, while the fungi lasted for 48 h at 30 oC.  The inhibition zones measured in diameters (mm) for each sample had their mean activity calculated [24].
Preparation of metal(II) complexes: to prepare the metallic complexes, 0.5 g (7.18 x 10-4 mol) of N-(2-hydroxy-1-naphthaldehyde)-2-amino-6-nitrobenzothiazole (C18H11N3O3S) chelator was reacted with 0.223 g of 2,2'-bipyridine (C10H8N2) in 20 mL CH3CH2OH, into four different sets. To each set, the following metal salts were added: FeSO4.7H2O(0.199 g), Ni(CO2CH3)2.4H2O (0.179 g), Cu(CO2CH3)2.2H2O (0.156 g) and Zn(CO2CH3).2H2O (0.158 g) (i.e., one metal salt solution per each resulting mixture). The next step was the introduction of 10 mL of CH3CH2OH and 8 drops of triethylamine (CH3)3NH3. The mixture obtained was placed on a magnetic stirrer, coupled with a reflux condenser and then allowed to reflux for 6 h at a temperature range of 40 – 60 degrees Celsius. This yielded the metal(II) heteroleptic complexes. Stoichiometrically, the reaction took place in a 1: 1 1 molar ratio. The final product so obtained was cooled to room temperature, filtered, and dried. The mass and % yield obtained are displayed in Table 1. 


Scheme 1: Synthesis of heteroleptic complexes of 2,2’-bipyridine and azomethine chelator

Results and Discussions    
Results 
Table 1. Analytical data for the azomethine-based chelator of heteroleptic M2+ complexes
	Compounds
	Colour
	M.W (g/mol)
	Yield %
	M.Pt (oC)

	[Fe(C28H18O5N5S2] nH2O
	Brick red
	623.85
	254
	310 – 320

	[Ni(C30H21O3N5S)] nH2O
	Wine red
	589.69
	201
	>360

	[Cu(C36H22O11N6S3Cl2] nH2O
	Dark brown
	606.55
	293
	206 – 208

	[Zn(C30H21O3N5S)] nH2O
	Black
	596.41
	320
	346 – 348



Analytical studies 
The azomethine chelator, together with its complexes, had good yields between 77.66 - 320 %. From a stoichiometric point of view, the azomethine ligand, metal salts and 2,2'-bipyridine reaction in a 1 1 1 molar ratio yields the heteroleptic metal compounds. Also, these disparities in percentage yields of the azomethine chelator and all the metal complexes support the formation of different compounds with their respective characteristic features. The azomethine chelator (HL31) melted in the range 278–280 oC. For the metal complexes, their melting point were recorded in the range 206 – 360 oC and above. No metal complex had the same melting point as the chelator, confirming the formation of new compounds [37].
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[bookmark: _Hlk150196076]Table 2. Solubility data for the azomethine-based chelator of heteroleptic M2+ complexes in seven common solvents
	



Compounds 
	Solvents

	
	Methanol
	Ethanol

	 Chloroform

	 Distilled 
water

	 Dimethyl
Formamide
	Dichloro
methane

	Dimethyl
sulfoxide


	[Fe(C28H18O5N5S2]nH2O
	SS
	SS
	SS
	I
	   SS
	   SS
	     S

	[Ni(C30H21O3N5S)]nH2O
	SS
	SS
	SS
	I
	    S
	   SS
	     S

	[Cu(C36H22O11N6S3Cl2]nH2O
	SS
	SS
	SS
	I
	    S
	   SS
	     S

	[Zn(C30H21O3N5S)]nH2O
	SS
	SS
	S
	I
	    S
	   S
	     S


S = Soluble	SS = Sparingly soluble	I = Insoluble
[bookmark: _Hlk150193094]Six different solvents including water, were effectively employed to carry out solubility tests  of the synthesised complexes at 23 – 25 oC. From the table above showing the test result, all the metal complexes showed a good degree of solubility in dimethylsulfoxide (DMSO) and N, N' dimethylformamide (DMF) except for the Fe2+ complex, which was sparingly soluble in DMF [37]. Generally, they were all insoluble in water and sparingly soluble in methanol and ethanol. Zn2+ complex dissolved in chloroform and dichloromethane, while the rest complexes were all sparingly soluble in the aforementioned solvents. The solubility test also helps to show the differences in the novel compounds prepared in this study. With this solubility test result, it is easier to determine the best solvents to employ when carrying out the IR, UV/Vis, corrosion and antimicrobial/clinical investigations of these compounds [13].

Infrared spectral data

Table 3. Vibrational spectra result of the prepared azomethine-based chelator of heteroleptic M2+ complexes (cm-1)
	Compound 
	OH
	C-H
	C=N
	C=C
	C-N
	C-C
	NO2
	C-N
	C-O
	M-N
	M-O

	[Fe(C28H18O5N5S2]nH2O
	3444
	2340
	1622
	1601
	1561
	1436
	1342
	1276
	1122
	601
	469

	[Ni(C30H21O3N5S)]nH2O
	3443
	2348
	1642
	1592
	1541
	1426
	1334
	1250
	1147
	520
	457

	[Cu(C36H22O11N6S3Cl2]nH2O
	3429
	2665
	1616
	1603
	1580
	1422
	1324
	1246
	1123
	526
	462

	[Zn(C30H21O3N5S)]nH2O
	3405
	2077
	1622
	1580
	1557
	1420
	1330
	1279
	1116
	560
	 490



[bookmark: _Hlk150193778]Fourier transform infrared (FTIR) spectral study of the azomethine-based chelator of heteroleptic M2+ complexes 
The functional groups present in a compound help for identification and to distinguish it from others. Usually, amongst all the spectroscopic techniques available, Fourier transform spectroscopy (FT-IR) serves best for this purpose, and so, it is employed as an effective tool to detect important FGs (functional groups) that are present in the newly synthesised metal complexes. Taking cognisance of key absorption bands for complexes and those published in different literature on similar systems, significant IR bands for this recent work were tentatively assigned [1]. In the spectrum of the azomethine-based chelator, the vibrational band characteristics of the primary amine and carbonyl were not observed. This shows the production of imine (H-C=N) FG in the chelator. The 1633 cm-1 band, often assigned to the imine group of a Schiff base chelator, were seen to have shifted to entirely different frequencies between 1616 – 1642 cm-1 in all the complexes, hence, a clear indication of chelation between the metal ions and the imine-N [10]. This is complemented by the presence of new weak bands ranging from 457 – 580 cm−1 and 513 – 647 cm−1. Observations of this kind are respectively associated with coordinations between M–O (i.e., metal to oxygen bond) and M–N (i.e., metal to nitrogen) vibration modes [1, 4, 16, 18, 32]. The hydroxyl group (ʋO-H) vibration bands were seen in [Zn(C30H21O3N5S)]nH2O complex at 3405 cm−1. This indicates that coordination for the complex was not through the O-site, whereas, for the other three complexes, the hydroxyl group deprotonated, and it is conceivable that via the deprotonated naphthol oxygen atom, the metallic ion coordinated with the ligand. This is evident because of the absence of the OH absorption band noticed in the metal complexes’ spectra. However, wide bands were present in the three complexes’ spectra between 3380 and 3450 cm-1; these bands are said to be associated with the hydroxide group of H2O molecules [8]. Other strong bands were also observed in the organic moiety of complexes, such as 1559 and 1613 cm-1 and 1514 and 1584 cm-1, respectively, given to C=C bending and stretching vibrations for C-N. Vibration band at 1330–1342 cm-1 was allotted to C-NO2 [21, 9]. The v(phenolic C-O) band, usually assigned to Schiff base chelator at 1341 cm–1 shifted to lower frequencies in the spectra of Zn, Cu and Ni(II) metal complexes and was seen between 1116–1147 cm–1, and this is explained as the impact of the hydroxyl oxygen involvement in coordination bond [2, 10].

Ultraviolet visible (electronic) spectral data of the azomethine-based chelator of heteroleptic M2+ complexes
[bookmark: _Hlk150196891]Table 4. Electronic spectra data for the prepared compounds
	Compounds
	Wavelength, λmax (nm)
	Absorption band, ῡ (cm-1)
	Transition(s)band assignment
	Geometry 

	[Fe(C28H18O5N5S2]nH2O
	264, 358
634, 682
	37879, 27933
15773, 14663
	π → π*, ո → π*
d→d
	
O.h

	[Ni(C30H21O3N5S)]nH2O
	258, 354
642, 774
	38759, 28249
15576,12919
	π → π*, ո → π*
d→d
	
O.h

	[Cu(C36H22O11N6S3Cl2]nH2O
	322, 366
652, 686
	31056, 27322
15337, 14577
	π → π*, ո → π*
d→d
	
O.h

	[Zn(C30H21O3N5S)]nH2O
	302, 342
650, 682
	33113, 29239
15385, 14663
	π → π*, ո → π*
d→d
	
O.h



Electronic spectral study of the azomethine-based chelator of heteroleptic M2+ complexes
The visible electronic reflectance spectrum for the four metal(II) complexes was also carefully studied using DMSO as solvent, between 190 – 900 nm region of the electromagnetic spectrum (EM) at ambient temperature. This study reveals the d→d transition useful in assigning geometries to the newly synthesised complexes. The spectra of the complexes also showed wavelength changes in the ո → π* absorptions from those usually detected in the spectra of Schiff base ligands, for the metal complexes they were sited between (258 – 366 nm), and this is indicative of the participation of the metallic ions in coordination [8]. Particularly, the following bands (398, 634 and 682 nm) were observed for [Fe(C28H18O5N5S2]nH2O complex, which indicates 5T2g→5A1g, 5T2g→5B1g and 5T2g →5B2g transitions of an octahedral geometry [12]. Ni(II) complexes of high spin are usually likely to show 3 d-d transitions in the visible area, which is the same case for the visible spectrum of this [Ni(C30H21O3N5S)]nH2O complex being studied. Hence, for the Ni2+ complex the following bands have been observed (642 nm), (684 nm) and (774 nm) these were allocated to [3A2g(F)→3T1g(P)], 3A2g(F)→3T1g(F)] and [3A2g(F)→3T2g(F)] electronic transitions correspondingly, thus, the complex assumed an octahedral geometry [11]. The ultraviolet-visible spectrum for copper complex, [Cu(C36H22O11N6S3Cl2]nH2O, showed 2 asymmetric bands at 682 nm and 650 nm attributed to 2B1g → 2B2g and 2B1g → 2Eg transitions of a distorted octahedral geometry [25]. As expected, the zinc(II) complex had an absence of d→d transition band observed for the other complexes in the visible spectrum, which is common with zinc complexes. Notwithstanding, an M→L transfer charge transition was observed. The intraligand absorption bands were also noticed in the ultraviolet spectrum around 302 nm and 342 nm region, these are said to be a result of 𝜋→𝜋∗ and n→𝜋∗ shifts. The Zn(II) compound was thus assigned a geometry of octahedral type [23].

[bookmark: _Hlk150197615]Antimicrobial data of the azomethine-based chelator of heteroleptic M2+ complexes
[bookmark: _Hlk150159255]Table 5. Antibacterial result of azomethine-based chelator of heteroleptic M2+ complexes
Zone of Inhibition (mm)
	Compounds 
	B. c
	K. p
	P. a
	P. m
	S. a
	S. t

	[Fe(C28H18O5N5S2] nH2O
	3.0 ± 1.0
	4.5 ± 0.5
	2.0 ± 0.0
	0.0 ± 0.0
	12.0 ± 0.0
	0.0 ± 0.0

	[Ni(C30H21O3N5S)] nH2O
	6.0 ± 0.0
	0.0 ± 0.0
	4.0 ± 0.0
	0.0 ± 0.0
	11.0 ± 1.0
	5.5 ± 0.5

	[Cu(C36H22O11N6S3Cl2]nH2O
	11.0 ± 1.0
	4.0 ± 0.0
	6.0 ± 0.0
	5.5 ± 0.5
	9.0 ± 1.0
	2.0 ± 0.0

	[Zn(C30H21O3N5S)] nH2O
	11.0 ± 1.0
	4.0 ± 0.0
	6.0 ± 0.0
	5.5 ± 0.5
	9.0 ± 1.0
	2.0 ± 0.0

	Streptomycin 
	18.0 ± 0.0
	11.0 ± 1.0
	9.0 ± 1.0
	10.5 ± 0.5
	19.0 ± 1.0
	10.5 ± 0.5

	DMSO
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0


Proteus mirabilis (P. m), Bacillus cerus (B.c), Pseudomonas aeruginosa (Ps.a), Klebsiella pneumoniae (K. p), salmonella typhi (S. t) and Staphylococcus aureus (S.a).

Antibacterial assay of the azomethine-based chelator of heteroleptic M2+ complexes
[bookmark: _Hlk156928053]From the antibacterial study successfully carried out, the four complexes under investigation present their inhibitory activity against the six bacteria in the range 2.0 – 12.0 mm. All the complexes had their best inhibitory activity against Staphylococcus aureus (S.a) in the range 9.0 mm – 12.0 mm. [Fe(C28H18O5N5S2]nH2O had the best inhibitory performance with a value of 12.0 mm, followed by [Ni(C30H21O3N5S)]nH2O, whose activity was recorded at 11.0 mm. [Cu(C36H22O11N6S3Cl2]nH2O and [Zn(C30H21O3N5S)]nH2O complexes had equal inhibitory value at 9.0 mm. When the complexes’ inhibitory value against Proteus mirabilis (P. m) was considered, it was observed that therein they recorded their least activity at 5.5 mm and just two complexes, [Cu(C36H22O11N6S3Cl2]nH2O and [Zn(C30H21O3N5S)]nH2O had this inhibitory value whereas [Fe(C28H18O5N5S2]nH2O and [Ni(C30H21O3N5S)]nH2O had zero activity. All the complexes had very good activity against Bacillus cereus (B.c) in the range (3.0 mm – 11.0 mm) and Pseudomonas aeruginosa (Ps.a) in the range (2.0 mm – 9.0 mm). However, Cu2+ and Zn2+ were noticed to have performed best against B.c and Ps.a a with an inhibitory value that stood at 11.0 mm and 6.0 mm, respectively. The record of activity against Klebsiella pneumoniae (K. p) showed that except for [Ni(C30H21O3N5S)]nH2O with zero activity, all the complexes showed some level of inhibition between (4.0 – 4.5 mm) The result for salmonella typhi (S. t) showed that Cu2+ and Zn2+ had equal inhibitory value at 2.0 mm, Ni2+ had the highest inhibitory value at 5.5 mm while there was no record of activity for Fe2+. Conclusively, the Cu2+ and Zn2+ complexes were seen to have inhibitory all the bacteria and have performed better than all the complexes.
The occurrence of the metallic ions in the complexes has been investigated and shown to enhance the performance of such metal-based complexes in bacterial inhibition [15]. Also, the presence of oxygen and nitrogen donors through which the metals are bonded is reported to have extensive notable biological activity, like antiviral, antifungal, anticancer, antibacterial, antifungal, antiulcer [17], antimalarial, antitubercular, antiproliferative, anti-inflammatory, rifampicin and clofazimine for the treatment of leprosy and many others [15]. These abilities of the complexes to inhibit the growth of the test bacteria are due to their structural resemblance with normal biological compounds as well as the presence of the active pharmacophore (imine (-N=CH-), which performs main roles in their substantial biological activities [13, 34].
[bookmark: _Hlk155788833]
Table 6. Antifungi data of azomethine based chelator of heteroleptic M2+ complexes Zone of Inhibition (mm)
	Compounds 
	A. n
	A. f
	R. s

	[Fe(C28H18O5N5S2]nH2O
	11.0 ± 1.0
	12.0 ± 0.0
	17.0 ± 1.0

	[Ni(C30H21O3N5S)]nH2O
	1.0 ± 1.0
	3.0 ± 1.0
	16.0 ± 0.0

	[bookmark: _Hlk205007820][Cu(C36H22O11N6S3Cl2]nH2O
	14.0 ± 0.0
	5.0 ± 1.0
	1.0 ± 1.0

	[Zn(C30H21O3N5S)]nH2O
	0.0 ± 0.0
	0.0 ± 0.0
	12.0 ± 0.0

	Miconazole 
	17.0 ± 1.0
	19.5 ± 0.5
	16.0 ± 0.0

	DMSO
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0


Aspergillus flaus(A.f), Aspergillus niger(A.n) and Rhizopus stalonfer(R.s)

Antifungal screening of the metal(II) complexes
The study so far against the three fungi by the four newly synthesised metal(II) complexes displayed that [Fe(C28H18O5N5S2]nH2O had a more excellent inhibitory action against all the fungi. Its inhibitory activity against Aspergillus niger(A.n) was recorded at 11.0 mm, it stood at 12.0 mm against Aspergillus flaus(A.f), while for Rhizopus stalonfer(R.S) it was recorded at 17.0 mm. On the other hand, [Zn(C30H21O3N5S)]nH2O was observed to have the least inhibitory activity; it could only inhibit Rhizopus stalonfer at 12.0 mm, while for the other fungi, Aspergillus flaus and Aspergillus niger, zero activities were recorded. When the activities of [Ni(C30H21O3N5S)]nH2O and [Cu(C36H22O11N6S3Cl2]nH2O were compared against the test fungi, Ni2+ complex was seen to have better activity against R.S at 16.0 mm, while the Cu2+ complex had 1.0 mm activity. But the values obtained for A.n showed that Cu2+ performed better at a corresponding value of 14.0 mm and 1.0 mm. However, the disparity in their performance against A.f is not far apart. While 5.0 mm was recorded for the Cu2+ complex, 3.0 mm was recorded for the Ni2+ complex. The findings in this study are also seen in several reports of similar Schiff bases and their metal derivatives [13, 15]. The concept of overtones and the theory of chelation, stated by Tweedy, can also be used to explain the ability of the complexes to inhibit the fungi [37].

Conclusion
This study succeeded in synthesising four novel transition metal complexes, [Fe(C28H18O5N5S2]nH2O, [Ni(C30H21O3N5S)]nH2O, [Cu(C36H22O11N6S3Cl2]nH2O and [Zn(C30H21O3N5S)]nH2O, all assumed octahedral geometry. They all presented good results when used as inhibitory agents against six bacterial strains: Klebsiella pneumoniae (K.p), Proteus mirabilis (P.m), Staphylococcus aureus (S.a), Bacillus cereus (B.c), Pseudomonas aeruginosa (P.a), and Salmonella typhi (S.t) in the range 2.0 – 12.0 mm and three different fungi: Aspergillus niger, Aspergillus flaus, and Rhizopus stalonfer in the range 1.0 – 17.0 mm. These complexes are therefore seen as promising antibacterial and antifungal agents.
Recommendation 
Having come this far in this study, it is hereby recommended that:
1. That the magnetic susceptibility and X-ray crystallographic investigation of the complexes be conducted to further justify the structures as assigned.
2. That further clinical screening for the antibacterial and antifungal potency of the complexes be carried out.
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Appendix 2: UV-VIS Spectra 
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