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Abstract
N-(2-hydroxy-1-naphthaldehyde)-2-amino-6-nitrobenzothiazole, azomethine chelator was synthesised via reflux condensation reaction between 2-amino-6-nitrobenzothiazole and 2-hydroxy-1-naphthaldehyde, giving 77.7 % and 9.0 g yield. The study aims to explore the applied studies of Schiff base ligand and its Mn2+ and Co2+ coordination compounds in antimicrobial and antifungal inhibition and dye stuff. The azomethine chelator so produced was mixed with 2,2’-bipyridine and used in the synthesis of Mn(II) and Co(II) coordination compounds. The chelator and the coordination compounds gave different shades of colour, they generally dissolved in (CH3)2CHON (DMF) and (CH3)2SO (DMSO), but were completely insoluble in distilled water and had melting points in the range 280 ≥ 360 oC. The amine functional group of the compounds was observed between 1616 – 1642 cm-1, while bands between 457 – 517 and 513 – 647 cm-1 marked M-O and M-N coordination, respectively. The ultraviolet bands for the chelator around 254, 308 and 342 nm were caused by π → π* and ո → π* transitions. On the other hand, the complexes along with these ultraviolet bands, though with somewhat different shifts, had unique absorption bands in the visible region, which are due to d → d shifts. The data obtained at the end of the antibacterial screening indicates that the compounds showed good inhibitory action against some of the bacteria in the range of 02.0 – 09.0 mm. For the antifungi, it was between 06.0 - 25.0 mm. The dye study showed that the azomethine chelator intensely dyed the white fabric, giving it a yellow colour. The Co2+ metal complex also particularly dyed the white fabric intensely, on a scale of 1 – 5, their performance was given a value of 4. Thus, the compounds are seen as promising antimicrobial agents and dyestuffs. The study recommends the following: the studied azomethine-based chelator and its Mn and Co complexes should be subjected to a clinical trial to further ascertain their antimicrobial potential and for onward inclusion as active antimicrobial drugs. The single crystals of the compounds should be grown for x-ray crystallographic analysis of the complexes for the establishment of their definite geometries. Furthermore, the azomethine-based ligand and its coordination compounds should be prepared in large quantities and utilised as dye agents. In conclusion, the antimicrobial screening showed that the azomethine-based chelator and the complexes had good antibacterial and antifungi activities, and so, they are promising antibacterial and antifungal agents. Also, their dye study presented the compounds as good dyeing agents.
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Introduction
Microbes that have developed several antibiotic resistances are linked to the rise in the mortality rate from infectious illnesses. The spread of microbial antibiotic resistance has seriously threatened public health globally. Non-antibiotic stressors have significantly contributed to the evolution of bacterial antibiotic resistance (Qiu et al., 2022). Hence, it becomes a necessity for scientists to improve modern antibacterial medications through efficient and novel modes of action. In light of the foregoing, Azomethine chelators and their metal complexes have been found to have promising antimicrobial effects through numerous research studies carried out to ascertain their antimicrobial efficacy. An azomethine chelator (AC) obtained via condensation of 2-amino-6-nitrobenzothiazole and 2-hydroxy-1-naphthaldehyde was used to formulate M2+ complexes. The chelator and its M2+ complexes were characterised using analytical and spectral techniques (Festus & Didia, 2023; Al-Shamry et al., 2022). According to Khan et al. 2019, the azomethine group (-C=N-) is formed when the oxygen atom in the carbonyl functional group (CO) is substituted by nitrogen from an amine. Azomethine is a nitrogen cognate of an alkanone or alkanal (Brodowska & Łodyga-Chruścińska, 2014; Arun et al., 2015). Ketoimine is produced by the CO group of an alkanone, while aldimines are produced by an alkanal (Brodowska & Łodyga-Chruścińska, 2014; Arun et al., 2015). 

Zoubi et al. 2018 identified that these azomethine ligands possess an extensive range of antimicrobial activity as a result of the presence of the -C=N- imine link. Because they have enhanced antifungal, antitumor, antiradical, antibacterial, reactive oxygen species scavenging, antimalarial, antiviral activity, etc., several azomethine-based chelators together with their metallic compounds have drawn significant attention from medicinal biologists and chemists (Wail et al., 2018). These azomethine compounds' exceptional propensity to chelate with transition metals in particular has greatly increased their biological activity (Wail et al., 2018). Shuchismita (2021 in his study discovered that due to the electronic transition caused by light absorption, transition metals with partially filled d-subshells can form colourful complexes, which are further enhanced when complexed with azomethine chelators. Hence, metal complexes are useful in the textile industry as dyeing and finishing agents. Owing to their superior light and wash fastness qualities over acid dyes that are not metallised, metal complexed dyes are widely used for dyeing proteins and polyamide fibres (Burkinshaw, 2013). The literature provided an overview of metal-complexed dyes, a class of dyes in which the metal is coordinated to an organic ligand (Shuchismita, 2021). 

When used outside, clothing is typically exposed to the outside. Therefore, a microbial attack from an ambient environment is possible. Cotton, a naturally occurring cellulosic fibre, has a wide surface area which can retain moisture, and makes it a good medium for microorganism growth. Microbial contamination of textiles can result in several health problems. Therefore, antimicrobial finishing agents are required in many textile products, including general textiles and value-added items like athletic wear, fancy textiles, and medical items. It is possible to give textile materials their antimicrobial qualities by chemically or physically adding the functional agent to the fibres or fabrics. Azomethine chelators and their metallic complexes indeed serve this function as dye agents and so the pressing need for medical textiles, sometimes referred to as healthcare textiles, to control and prevent infection is answered (Periolatto et al., 2017).

Materials and Methods
As supplied by Bristol Scientific, the following ingredients were used: Mn(CH3COO)2.4H2O,, CoCl2.6H2O), 2,2'-bipyridine, dist. H2O, CH3COOH, (C2H5)3NH2, CH3CH2OH, CHCl3, CH3OH, CH2Cl2, CH3COCH3, HCl, (CH3)2CHON, (CH3)2SO, CaCl2, 2-hydroxyl-1-naphthaldehyde and 2-amino-6-nitrobenzothiazole.
Characterisation: Seven different solvents were used to test the solubility of the azomethine chelator and its metal complexes at room temperature. A transparent cut-glass capillary tube was used to determine the melting and decomposition points in an electrochemical melting point machine. A PerkinElmer Infrared Spectrophotometer was used to record the compounds' IR spectra in the 4000 – 400 cm–1 range, and a PerkinElmer UV/Vis spectrometer was used to record the electronic reflectance spectra of all the complexes at room temperature between 900 and 190 nm.
Antimicrobial Activity: Antimicrobial Activity: The agar diffusion method was used to carry out an in vitro microbial activity of the synthesised chelator and its coordination compounds using the following test organisms: K.p (Klebsiella pneumoniae), S.a (Staphylococcus aureus), B.c (Bacillus cereus), P.a (Pseudomonas aeruginosa), P.m (Proteus mirabilis), S.t (Salmonella typhi), A.n (Aspergillus niger), A.f (Aspergillus flaus), and R.S (Rhizopus stalonfer). The dilution of the various compounds was done using DMSO, which also served as the negative control, while miconazole and Streptomycin served as positive controls. Using a sterile 8 mm cork borer, wells were made in the agar plates. Then, using a microsyringe, 80 μL of each drug was applied to each well, yielding 80 μg per well. The diameters (mm) of the inhibitory zones were measured after the inoculation plates were incubated at 37 oC for 18–24 hours for bacteria and 30 oC for 48 hours for fungi. The mean activity of the antimicrobial tests was calculated after they were conducted in duplicate (Olalekan & Didia, 2019).
Tie and dye study
The tie and dye study was carried out using a white fabric material and rope that were purchased from the Department of Fine and Applied Art, Faculty of Humanities, Ignatius Ajuru University of Education, Port Harcourt, Nigeria. The synthesised azomethine chelator and its metallic complexes served as the dyeing agent. The dyeing process typically involved folding, twisting, pleating, or crumpling the fabric before binding with ropes, followed by the application of dye. The fabric material is allowed to air dry, then washed thoroughly with soap solution, rinsed in clean water and sun-dried.

Synthesis of Azomethine Chelator and its M2+ Complexes
Synthesis of HL31 chelator: 0.007 Kg (4.07 x 10-2 mol) of 2-hydroxyl-1-naphthaldehyde was dissolved in 20 mL of ethanol, and stirred to obtain a homogeneous solution. Equivalent mass 0.00794 Kg (4.07 x 10-2 mol) of 2-amino-6-nitrobenzothiazole was then carefully introduced into the above solution, followed by introduction of 10 drops of CH3CH2COOH. The solution was left for 6 h to reflux at 40 – 60 oC. This gave a product of a yellow shade, having a mass of 0.009014 Kg and a percentage yield of 77.66.

2-hydroxyl-1-naphthaldehyde    +   2-amino-6-nitrobenzothiazole  →  Azomethine chelator 


(N-(2-hydroxy-1-naphthaldehyde)-2-amino-6-nitrobenzothiazole
[bookmark: _Hlk148586707]Scheme 1: Synthesis of the azomethine chelator
Synthesis of metal(II) complexes: 0.5 g (7.18 x 10-4 mol) of N-(2-hydroxy-1-naphthaldehyde)-2-amino-6-nitrobenzothiazole chelator was reacted with 0.223 g of 2,2’-bipyridine in 20 mL CH3CH2OH, followed by the addition of 0.176 g Mn(CH3CO2)2.4H2O, 10 mL of CH3CH2OH and 8 drops of triethylamine, which served as a buffer. The mixture obtained was stirred and allowed to reflux for 6 h at a temperature range of 40 – 60 oC to reflux. This yielded the manganese heteroleptic complex, and the reaction took place in a 1 : 1 : 1 molar ratio. The product was left at room temperature to cool, then filtered and dried. The mass and % yield obtained are displayed in 


Scheme 2: Synthesis of heteroleptic complexes of azomethine chelator and 2,2'-bipyridine 
Results and discussion
Table 1. Analytical data for the chelator and its heteroleptic M2+ complexes
	[bookmark: _Hlk202662566]Compounds
	Colour
	M.W (g/mol)
	Yield %
	M.Pt (oC)

	[C18H11O3N3S]
	Yellow
	349.29
	77.66
	278 – 280

	[Mn(C30H21O3N5S)] nH2O
	Yellow
	585.94
	179
	>360

	[Co(C30H21O3N5S)] nH2O
	Wine red
	589.93
	288
	280 – 282



Analytical studies: The azomethine chelator and its complexes had yields ranging from 77.66 - 288 % (Table-1). From a stoichiometric point of view, the azomethine ligand, metal salts and 2,2'-bipyridine reaction in a molar ratio of 1 : 1 : 1 gave the  Mn2+ and Co2+ metal complexes. Also, these disparities in percentage yields of the azomethine chelator and 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. On the other hand, the metal complexes melted between 280 – 360 oC. The two metal complexes had different melting points, as does the chelator, justifying the production of new compounds (Yesmin et al., 2020).

[bookmark: _Hlk150193094]To establish the solubility of the novel azomethine chelator and the complexes, a solubility test was carried out in seven different solvents at room temperature. The azomethine chelator and the metal complexes showed a good degree of solubility in dimethylsulfoxide, DMSO and N, N'-dimethylformamide, DMF (Yesmin et al., 2020). When tested with water, all the complexes and the chelator were found to be generally insoluble. Slight solubility in dichloromethane, methanol, chloroform and ethanol was recorded for all the complexes. 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.
Infrared spectral data
Table 2. Vibrational spectra result of the prepared chelate and the 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

	[C18H11O3N3S]
	3401
	2041
	1633
	1589
	1515
	1475
	1331
	1280
	1122
	–
	   – 

	[Mn(C30H21O3N5S)]nH2O
	3410
	2366
	1622
	1559
	1514
	1435
	1342
	1276
	1121
	647
	517

	[Co(C30H21O3N5S)]nH2O
	3437
	2370
	1642
	1601
	1540
	1425
	1332
	1249
	1122
	513
	457



Fourier transform infrared (FTIR) spectral study of the azomethine-based chelator and its M2+ heteroleptic complexes 
[bookmark: _Hlk150193778]The FT-IR is employed as an effective tool to detect important FGs (functional groups) that exist in the ligand and the metal's coordination with the ligand. The IR spectra had some interesting vibrations that especially characterised the novel compound. Comparing the IR spectra found in this present work with the ones that have been published in different literature on similar systems, significant IR bands were tentatively assigned (Kumar et al., 2013; Suparna, 2013; Ahmed et al., 2015). 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 band detected at 1633 wave number for the azomethine chelator was shifted to entirely different frequencies (both to lower/higher frequency between 1616 – 1642 cm-1) in the metal compounds (Table-2). This indicates that the imine-N coordinates with the metallic ion (Hamil et al., 2020). The significant shift in these bands' positions when comparing metal complexes to azomethine chelates reveals the emergence of new weak bands at 457–580 cm−1 as well as 513–647 cm−1 regions. Absorptions of this sort are associated with coordination complexes' M–O (metal-oxygen) and M–N (metal nitrogen) vibration modes, correspondingly (Joshi & Habib, 2014; Hamil et al., 2020; Borase et al., 2021). The ligand's infrared spectra revealed a large vibrational band at 3401 cm-1, which was associated with intramolecular H-bonding absorption (ʋO-H) of the enol tautomer. This reaction typically depicts azomethine-based ligands with hydroxyl groups (Festus et al., 2018). Mn metal complex exhibited the band (ʋO-H) at 3410 cm-1, which suggests the OH FG never took part in bonding in the aforementioned metal(II) compound. In the case of Co complex, the hydroxyl group was deprotonated, and it is conceivable that via the deprotonated naphthol oxygen atom, the metallic ion bonded with azomethine chelator, as the disappearance of the OH absorption band showed in the spectra of the coordination compounds. Though there is a wide band present in the complex's spectra between 3380 and 3450 cm-1, Festus et al. (2018) identified this as the hydroxide group of H2O molecules. Strong bands that were associated with the aromatic system and that emerged between 1559 and 1613 cm-1 and 1514 and 1584 cm-1, correspondingly, might be ascribed to C=C bending and stretching vibrations of C-N. It is suggested that C-NO2 bonds may be the cause of the bands around 1330–1342 cm-1 (Mbonyiryivuze et al., 2015; Elemike et al., 2018; Festus et al., 2022). The azomethine ligand's v(phenolic C-O) band was spotted around 1341 cm–1. However, the aforementioned band moved to lower frequencies in the Co2+ metal complex' spectra around 1116–1147 cm–1, as a result of the hydroxyl oxygen's involvement in chelation. The (C-N) bands, however, were seen in the 1231–1280 cm-1 range (Fasina et al., 2014; Aliyu & Zayyan, 2014).

Electronic spectral data

[bookmark: _Hlk150196891]Table 3. Electronic spectra data for the prepared compounds
	Compounds
	Wavelength, λmax (nm)
	Absorption band, ῡ (cm-1)
	Transition(s)band assignment
	Geometry 

	[C18H11O3N3S]
	[bookmark: _Hlk156927185]254, 308
342 
	[bookmark: _Hlk156927265][bookmark: _Hlk156927298]39370, 32468
[bookmark: _Hlk156927339]29239
	[bookmark: _Hlk156927615]π → π*
ո → π*
	

	[Mn(C30H21O3N5S)] nH2O
	304, 342
648, 684
	32895, 29239
15432, 14619
	π → π*, ո → π*
[bookmark: _Hlk156927828]d→d
	
O.h

	[Co(C30H21O3N5S)] nH2O
	304, 398
624, 684
	32895, 25126
16026, 14619
	π → π*, ո → π*
d→d
	
O.h



Electronic spectral study of the azomethine-based chelator and its M2+ heteroleptic complexes 
[bookmark: _Hlk150159255]The electronic transition of the azomethine ligand and the Mn2+ and Co2+ complexes under investigation were recorded in DMSO between 190 – 900 nm region of the electromagnetic spectrum (EM) at ambient temperature. In the uncomplexed ligand, 3 bands were observed at 254, 308, and 342 nm within the UV region, the transitions associated with these λmax are л – л* for the aromatic ring and ո → π* agree with intraligand charge transfer involving the participation of imine group (H-C=N) respectively (Table 3) (Xavier & Srividhya, 2014; Fasina & Ogundele, 2014; Muhammad et al., 2018; Kpee et al., 2018). These transitions are because of the existence of non-bonding electrons on the heteroatom (N) as well as the double bonds in C = C and C = N groups in the azomethine chelator structure (Dey et al., 2014). When examining the spectra of every metal complex, it was found that alongside the π→π* and n → π* transitions detected in the chelator UV region, they also showed bands above 400 nm (Fasina & Ogundele, 2014). Nonetheless, the complexes' spectra showed wavelength changes in the ո → π* absorptions, indicating the metallic ions had complexed to the chelator (Ekennia et al., 2019). The visible electronic reflectance spectrum for heteroleptic manganese compound, [Mn(C30H21O3N5S)]nH2O, displayed two distinct bands at 648 and 684 nanometres, ascribed to 2Eg→2T2g transition. This suggests a geometry that is octahedral in form (Narendra & Parashuram, 2017). The cobalt compound, [Co(C38H25O9N6S2] displayed 3 different bands at 400, 622 and 684 nanometres. The aforementioned bands are assigned to 3T1g → 3A2g, 3T1g → 3T1g and 3T1g → 3T2g transitions, confirming its octahedral coordination (Mahmoud et al., 2020). 








Antimicrobial Study
 
Table 4. Antibacterial data of HL31 azomethine-based chelator and its M2+ complexes
Zone of Inhibition (mm)
	[bookmark: _Hlk202662799]Bacterial
	HL31 [C18H11O3N3S]
	[Mn(C30H21O3N5S)] nH2O
	[Co(C30H21O3N5S)] nH2O
	Streptomycin 
	DMSO

	Bacillus cerus (B.c)
	0.0 ± 0.0
	8.0 ± 0.0
	9.0 ± 1.0
	18.0 ± 0.0
	0.0 ± 0.0

	Klebsiella pneumoniae (K. p)
	6.5 ± 0.5
	2.0 ± 0.0
	4.0 ± 0.0
	11.0 ± 1.0
	0.0 ± 0.0

	Pseudomonas aeruginosa (Ps.a)
	2.0 ± 0.0
	2.0 ± 0.0
	6.0 ± 0.0
	9.0 ± 1.0
	0.0 ± 0.0

	Proteus mirabilis (P. m)
	8.0 ± 0.0
	2.0 ± 0.0
	3.0 ± 1.0
	10.5 ± 0.5
	0.0 ± 0.0

	Staphylococcus aureus (S.a)
	0.0 ± 0.0
	6.0 ± 0.0
	6.5 ± 0.5
	19.0 ± 1.0
	0.0 ± 0.0

	Salmonella typhi (S. t)
	6.0 ± 0.0
	0.0 ± 0.0
	7.0 ± 1.0
	10.5 ± 0.5
	0.0 ± 0.0



Antibacterial assay of the azomethine chelator and heteroleptic metal complexes 
[bookmark: _Hlk156928053]The data obtained at the end of the antibacterial screening indicate that the metallic complexes showed good inhibition against some of the bacterial strains in the range 02.0 – 09.0 mm (Table-4). The cobalt complex, particularly, had good inhibitory activity against all the tested bacterial species and so, is seen as a promising antibacterial agent. On the other hand, the manganese complex inhibited all the bacteria except Salmonella typhi, where it showed zero activity. The standard drug, streptomycin, was able to significantly inhibit all the bacterial strains used in this study and was found to have better inhibitory activity than most of the synthesised complexes and azomethine chelator. The azomethine-based chelator on its part had moderate activity on all the tried bacteria, except for Staphylococcus aureus and Bacillus cereus where there was no record of any activity. Interestingly, the metallic compounds had improved inhibition when compared with the azomethine chelator, and it could have resulted from the chelate effect. These azomethine-based complexes' ability to inhibit the growth of these bacteria is 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 (Habu, 2018; Wanda, 2018; Festus & Didia, 2023). The Azomethine-based metal (II) complexes have the presence of oxygen and nitrogen donors, and these are reported to have extensive notable biological activity, like antifungal, antibacterial, antifungal, antiviral, antiulcer, anticancer (Křikavovȧ et al., 2016), antimalarial, antiproliferative, anti-inflammatory, antitubercular, etc. (Habu, 2018). The occurrence of the metallic ions in the complexes likewise enhanced their performance in bacterial inhibition. Several studies in the field of azomethine-based chelators specified that their metallic complexes possess further and enhanced biological functions (Habu, 2018).
[bookmark: _Hlk155788833]
Table 5. Antifungal data of HL31 azomethine-based chelator and its M2+ complexes Zone of Inhibition (mm)
	Compounds 
	A. n
	A. f
	R. s

	HL31 [C18H11O3N3S]
	25.0 ± 0.0
	21.0 ± 0.0
	7.0 ± 0.0

	[Mn(C30H21O3N5S)]nH2O
	6.5 ± 0.5
	9.0 ± 1.0
	15.5 ± 0.5

	[Co(C30H21O3N5S)]nH2O
	0.0 ± 0.0
	6.0 ± 0.0
	13.0 ± 1.0



Antifungal screening of the azomethine chelator and its metal(II) heteroleptic complexes
From the above data, the azomethine chelator, together with the Mn2+ and Co2+ metal complexes, inhibited all the test fungi. The azomethine-based chelator had the best significant inhibitory activity against all the test fungi (A.n (25.0 mm), A.f (21.0 mm) and R.S (7.0 mm)), while Mn2+ had inhibitory activities against A.n at 6.5, A.f at 9.0 and R.S at 15.5, making it a better antifungal agent than Co2+ which showed its activities against A.f at 6.0, R.S at 13.0 and had zero activity for A.n. The negative control, Dimethylsulfoxide, on the other hand, showed zero activity in the fungi used for this study (Table-5). Miconazole, which served as the standard drug, was found to be a better inhibitor than most of the complexes. It significantly showed inhibitory activity against all the test fungi (A.n (17.0 mm), A.f (19.5.0 mm) and R.S (16.0 mm). The ability of the complexes to inhibit the fungi may be described as resulting from the concept of Overtones and Tweedy’s theory of chelation (Yesmin et al., 2020). Also, several reports on the antimicrobial activity of metal-complexed azomethine-based ligands have presented them as more promising inhibitors with improved bio-functions (Habu, 2018; Festus & Didia, 2023).
[image: ]

Azomethine-based chelator and its metal(II) complexes as an excellent tie and dye agent
Chromophores are originally referred to as systems imparting colours to a compound and functional group that absorbs UV-VIS electromagnetic radiation, whether or not colourful. This radiation absorbed at the ultraviolet-visible section of the electromagnetic spectrum is probably due to the presence of weakly bonded electrons, just like those found in non-bonding as well as bonding orbitals in the structural groups. The azomethine-based chelator prepared and studied, appeared to be highly chromophoric with a max of 398 nm ascribed to 𝑛→𝜋∗ transition and 652 nm and 686 nm signifying  →* electronic transition. These transitions are possibly due to the presence of extensively conjugated pi-electrons (Marcus, 2013) in the naphtha and benzothiazole ring and the presence of auxochromes that enhanced the absorption of the ligand. The significant auxochromes present in the chromophoric ligand are OH and NO2. Auxochromes contain an unshared pair of electrons in a bathochromic shift by extending the conjugation of the system through resonance. In the process, they cause an intensification of the colour of the molecule. Furthermore, the conjugated pi bond system is anticipated to turn out to be higher, as soon as the energy gap meant for →* transition appears narrower, also the absorption of light similarly appears longer (Marcus, 2013). It is commonly known that auxochromes and chromophores are extensively used in the textile industry in the formation of dyes. Also, such auxochromes as the ones present in this azomethine-based chelator, so investigated with ionising groups, are utilised to attach dye to the white fabric material stained to deepen or intensify its colour (Marcus, 2013).  Sequel to the composition and properties of the azomethine-based ligand synthesised in this study, it was applied as a dye agent, and the result obtained (as shown in Figures 1 and 2) was impressive. Its Co(II) complexes were also used, and they gave excellent results. The metal complex was found to be more effective than the free azomethine chelator. For the metallic compound to fit in as a good dye agent is not surprising, seeing that transition elements are wonderful colour-impacting metals. On a scale of 1 – 5, their performance was given a value of 4.


Conclusion
An azomethine based chelator ((N-(2-hydroxy-1-naphthaldehyde)-2-amino-6-nitrobenzothiazole) was synthesized by reacting 2-amino-6-nitrobenzothiazole and 2-hydroxy-1-naphthaldehyde. The preparation of Mn(II) and Co(II) complexes was done using the already synthesised azomethine-based chelator above, 2,2’bipyridine with the various metallic salts. The analytical data, infrared and ultraviolet-visible spectra results obtained were utilised in characterising the azomethine-based chelator and the metal complexes to explain the properties and composition of the compounds. From the infrared result, it was seen that bonding between the chelator and the ionic metals occurred, and this bonding occurred between the M–N as well as between the M-O ligand. The ultraviolet-visible spectra suggested the proposed geometries for these new complexes. The antimicrobial screening showed that the azomethine-based chelator and the complexes had good antibacterial and antifungi activities, and so, they are promising antibacterial and antifungal agents. Also, their dye study presented the compounds as good dyeing agents.

Recommendations 
Having come this far in this study, the following are recommended
1. The studied azomethine-based chelator and Mn2+ and Co2+ complexes should be subjected to a clinical trial to further ascertain their antimicrobial potential and for onward inclusion as active antimicrobial drugs.
2. The single crystals of the azomethine-based chelator and its heteroleptic complexes should be grown for x-ray crystallography analysis of these complexes should be conducted to help for the establishment of their definite geometries. 
3. The azomethine-based chelator and its heteroleptic complexes should be prepared in large quantities and utilised as dye and antimicrobial agents.
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Appendix 2: IR Spectra
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Appendix 3: UV-VIS Spectra 
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Dye study of HL" azomethine based chelator and its M** complexes

Figure 1. Fabric dyed using azomethine  Figure 2. Fabric dyed using
chelator [Co(C30HONsS)]aH:0]
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