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Abstract 

          The study involved the preparation and characterisation of a new hetero cyclic 

azo ligand 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol derived from 

2-amino-5-methyl thiazole. A series of metal complexes were prepared with the metal 

ions Co(III), Ni(II), Cu(II), Ag(I), and Au(III).The prepared compounds were 

identified by FTIR spectra, 1HNMR , 13CNMR spectra, mass spectrometry, UV-Vis 

spectrometry, TGA technique, FESEM ,and XRD spectroscopy as well as elemental 

microanalysis (C.H.N.S).    

       The results showed the azoi ligandi 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl 

benzoimidazol behavesi as a bidentatei ligand. The molar ratio of the studied metali 

ions Co(III) and Cu(II) in their coordination complexes were determined (1:2) [ M:L], 

and the expected shape of these complexes is octahedral. On the other hand, the Ni(II), 

Agi(I), and Aui(III) were (1:1) [M: L] and the expected shape of these complexes were 

tetrahedral with ion Ag(I), and square planar with Ni(II), Au(III) ions. 

         Finally, the new azo ligand and its metal complexes were tested in vitro for 

antimicrobial activity against two types of bacteria (Streptococcus, Escherichia coli) 

and one type of fungus (Penicillium sp).  

         Toxicity examinations of some compounds prepared on human cells for cancer 

(lung, and pancreas) were studied to find out the possibility of using this type of 

compound as a drug by treating it with human cancer cells. 
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1.0 Introduction 

1.1. General Introduction 

         Coordination chemistry is the study of compounds in which metal ions are 

coordinated to ligands with neutrality or negatively charged atoms that contribute 

electrons to the metallic. Nobel Prize winner Alfred Werner (1866-1919) made the 

first significant contribution to the discovery of this field of chemistry in 1913 with his 

coordination theory of metal-ammine complexes like [Co (NH3)6Cl3] [1].  

         Coordination compounds are significant to researchers and scholars because of 

the important roles in analytical chemistry, medicine, agriculture, and industry [2],[3]. 

Coordination theory among the metallic and the ligand can be interpreted as a Lewis 

(acid-base) interaction, where by a ligand that has a non-bonding electron pair (Lewis 

base) is shareable with the metal ion has empty orbitals to accommodate the electron 

pair of the ligand (Lewis acid) [4],[5].  

        Compounds containing sulfur and nitrogen have occupied great importance 

among several organic compounds, so these compounds are vital. It was found that 

some of them have essential significance and great effectiveness against tumors,  fungi,  

bacteria, HIV, and as inhibitors of the beta-lactamase enzyme in life interactions [6].  

1.2. Azo Compounds 

          Peter Geriss discovered this type of organic compound in 1858 [7]. The 

association of two nitrogen atoms in the molecule is double bound. They get hold of 

the basic configuration of (X-N=N-X\), while X and X\ can be aliphatic or aromatic 

moieties. If substituents are aliphatic; in this case, compounds are named aliphatic azo 

compounds [8]. These are least preferable as compounds because of their rapid 

disintegration into nitrogen and hydrocarbons and are not stable. When substituents 
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are aromatic; in this case, compounds are named aromatic azo compounds. When the 

R groups are aryl rings, the aromatic azo compound structure is more stable than when 

the R groups are alkyl, because the aryl groups include the (-N=N-) group in an 

extended delocalized system [9]. 

           The first type of azo dye was prepared in 1862 when (Martins) prepared a dye 

(Bismarck Brown) [10] illustrated in Figure (1.1). 

 

Figure 1.1:  (Bismarck Brown) structure [10]. 

          The aromatic azo compounds are highly colored and stable. These are the most 

critical and widespread azo compounds because they contain the powerful double bond 

azo moiety, the difference of the associated groups on both sides of the azo moiety, 

and the number of these groups[11],[12].Figure (1.2) illustrated the resonance 

phenomenon of azo dyes. 

  

Figure 1.2: Resonance phenomenon of azo dyes [12]. 
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1.2.1. Synthesis of azo compound 

         Diazotization and azo coupling are the two steps of a consistent chemical 

sequence utilized for creating azo compounds on an industrial scale [13].  In the 

process of diazotization, primary aromatic amines are converted into aryl diazonium 

salts, which, are stable at 0°C, a primary amine is altered into a diazonium ion. The 

azo compounds are synthesized by reacting the diazonium salt with a coupling 

component such as phenol, this process is known as "azo coupling" [14]. 

1.2.2. Classification of azo compounds 

           The azo-aromatic compounds are also classified into two classes, depending on 

the rings attached to the two ends of the azo group. They are homocyclic azo 

compounds whose aromatic rings do not contain hetero atoms such as (N, O, S) as 

azobenzene and its derivatives [15]. The (E)-8-(p-tolyldiazenyl)naphthalen-2-ol is one 

of the examples, as shown in Figure (1.3) and it is one of the most widely used classes 

of azo compounds due to its diverse applications in various fields such as  medical and 

industrial fields  [16].  

 

Figure 1.3: Homocyclic azo compound [16]. 

           Heterocyclic azo compounds, which contain one or both ends of the azo group 

on heterocyclic aromatic rings containing one or more heteroatoms (N,O,S), which are 
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widely used as reagents in the field of analytical chemistry for spectroscopic 

determination of many chemical elements, where they have received a great deal of 

attention due to their high selectivity and sensitivity [17] Figure (1.4) shows one 

example of a heterocyclic azo compound [18].  

 

Figure 1.4: Heterocyclic azo compound [18]. 

1.3. Classification of Azo Compounds according to azo grouping 

number 

      The azo compounds can be classified according to the number of the azo group 

it includes into (mono-azo) compounds, (di-azo) compounds, and (tri-azo) compounds 

[15]. 

1.3.1. The monoazo dyes 

        The monoazo dyes can be schematically represented by the following formula: 

Z-N=N–W. Z and W the benzene or heterocyclic derivatives. S. Prakash ,at el  were 

synthesized novel azo incorporated heterocyclic bioactive compounds via diazo-

coupling reaction between the 2-amino benzothiazole and phenolic antioxidant 

molecules like 2,4-di–tert-butylphenol as shown in Figure (1.5) [19],[20]. 
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Figure 1.5: Mono azo dyes structure [20] 

1.3.2. Diazo dyes  

         In general, diazo dyes are composed of two groups -N=N-, its colors range from 

yellow, orange and blue. The blue direct dye, for example, has a benzidine function in 

its molecule [21], [22]. Figure (1.6) shows the diazo dyes compound. 

 
                 Figure 1.6: Diazo dyes structure [22] 

1.3.3. Poly azo dyes 

         Polyazo dyes are complex dyes that contain the azo group three or more times in 

the same molecule [23], [24]. Figure (1.7) shows the poly azo dyes structure. 

 

Figure 1.7: Polyazo dye structure [24] 
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1.4. The Chelating Behavior for Azo compound  

         Azo compounds are divided into three types in terms of how they bind to 

metal ions. 

1.4. 1. Monodentate Ligand 

          These reagents are mono coordinate, meaning they can only make covalent 

bonds with metal atoms on one side, so this type of reagent is weak, and the complexes 

resulting from its association with the metal ions are unstable [25], [26]. Figure (1.8) 

shows the connection method of the monodentate reagent.  

 

Figure 1.8: Mono dentate reagent structure [26]. 

1.4.2. Bidentate reagent 

        They are the reagents coordinate with the metal ions by means of the nitrogen 

atom, the heterocyclic ring or any substituted group on the ring is linked by one hand, 

and the nitrogen atom of the group so far from the ring, so that the azo group is within 

a total ring. The complex of this type is more stable than the complexes of monodentate 

ligand [27], [28]. Figure (1.9) shows the coordinates of this reagent with different 

metal ions as following form. 
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Figure 1.9: Bidentate reagent structure [28]. 

 

1.4.3. Tridentate reagent 

          The metal ion is linked with the reagent through three sites: the first is the 

nitrogen atom of the heterocyclic ring. The second is the nitrogen atom of the azo 

group far from the heterogeneous ring, as for the third symmetry site it is replaced by 

a basic or acid group at the ortho site relative to the bridge azo group which has the 

ability to lose its proton. This link leads to the formation of a pentagonal ring, and in 

this case, the complexes formed have high stability compared to their counterparts in 

the first and second types [29], [30] and the most prominent reagents of this type are 

shown in the Figure (1.10).  
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Figure 1.10: Tridentate reagent structure [30]. 

1.5. Applications of azo dyes 

       Dyeing textiles, leather, paper, food, cosmetics, and medicines are some of the 

many uses for this highly diverse synthetic dye (-N=N-). Other typical applications 

include pharmacology, pharmaceuticals, cancer in living cells, hypnotic medicines, 

plastics, biology, and advanced technology applications like nonlinear optical systems 

and lasers [31].  In addition, azo dyes are useful in liquid crystals and nanotubes due 

to their physicochemical stability and unique optical characteristics. Recently, azo-

functionalized dyes containing aromatic heterocyclic compounds have gained 

popularity due to their abundance of color options, brightness, ease of production, and 

effective dyeing properties [32].  

1.5.1. Biological activity of azo dyes  

    Various pharmaceutical and biological uses for heterocycle azo dyes have been 

explored, including their antibacterial, antioxidant, anticancer, antitumor, and anti-

inflammatory activities, heterocyclic are essential components of the azo dyes [33]. 
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1.5.2. Antibacterial activity 

         Antibacterial efficiency of azo modified phenolic compounds was (4a-4d) 

studied against human pathogenic bacterial strains such as two gram-positive bacteria 

Bacillus subtilis (B. subtilis), Staphylococcus aureus (S. aureus) and two gram-

negative bacteria Pseudomonas aeruginosa (P. aeruginosa), Escherichia coli (E. coli) 

[34].  

 

Figure 1.11: Structures of heterocyclic-modified azo dye derivatives with antibacterial activity [34]. 

 

1.5.3. Antifungal activity 

         Novel S-heterocyclic azo dyes made from 1, 3-benzothiazole-2-thiol with 

different amines using the diazo-coupling process were recently described by M. N. 

Matada , K. Jathi, M. M. Rangappa , K. Geoffry, S. Ravi Kumar, R. B. Nagarajappa, 

and F. Noor Zahara [35]. The azo compounds generated from benzothiazole against 

Candida albicans and Aspergillus flavus, the results showed a correlation with 

fluconazole regarding microbial inhibition. Promising outcomes were observed in 

Figure (1.12). 
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Figure 1.12: Derivatives of azo dyes that are active against fungi [35]. 

 

1.5.4. Anticancer activity 

           M.R. Maliyappa, J. Keshavayya, N.M. Mallikarjuna, and I. Pushpavathi created 

and reported novel heterocyclic azo dyes with anticancer activity using a standard 

diazo-coupling method. Human cancer cell lines such as the colon (HCT116), lung 

carcinoma (A549), T-lymphocyte (Jurkat), and chronic myeloid leukemia (K562) were 

used to test the compounds' anticancer potential. The 5-methyl-2-(5-methyl-

benzothiazol-2-yl)- 4-ptolylazo-1,2-dihydro-pyrazol-3-one and 4- (4-

bromophenylazo)- 5-methyl-2- (5-methyl-benzothiazol-2-yl)-1,2-dihydropyrazol-3-

one displayed good effectiveness in inhibiting the formation of cancerous cells [36], 

Figure (1.13).  

 

Figure 1.13: Anticancer azo dye iderivatives with heterocyclic scaffoldsi and their chemical 

structures [36]. 
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1.6. Imidazole compound 

            Imidazole contains five-heterocyclic rings containing amino groups and an 

additional nitrogen atom [37]. Imidazole is a crystalline solid that dissolves in water 

and has a melting point of 90° C. It was prepared for the first time in 1855 by scientist 

Debus [38], and its molecular formula is C3H4N2, as shown  in Figure (1.14). 

 

 

 

 

Figure 1.14: 1H- imidazole [38] 

           Natural products and various bioactive compounds in human metabolism often 

contain imidazole rings.  The imidazole ring is present in numerous biological 

molecules like histamine, vitaminB12, deoxyribonucleic acid (DNA), and 

hemoglobin, suggesting that it plays an important role in the physiological action of 

these molecules [39].     

         The active sites in the imidazole ring are (2, 4) and the electrophilic attack occurs 

on these two sites, and the diazonium salt is coupled at site (2) to give bright red dyes 

[40].  Azo imidazole ligand is prepared and substituted at sites (4) and (5) with good 

yield and high purity [41], as shown in Figure (1.15). 
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Figure 1.15: Substituted imidazole azo ligand [41]. 

         N. N. Kumar Reddy, S. N. Rao, C. Ravi, and S. Adimurthyand method was used 

to prepare imidazole derivatives by mixing [3+2] cyclization of vinyl azides with 

amidines and then oxidative cyclization of amidines with vinyl azides in the presence 

of 1,8-diazabicyclo [5.4.0] undec-7-ene (DBU) in CH3CN as solvent [37], the reaction 

mixture shown in Figure (1.16): 

 

Figure 1.16: Preparation of imidazole derivatives [37]. 

          Benzimidazole is a heterocyclic aromatic organic compound. It is an important 

pharmacophore and a privileged structure in medicinal chemistry. This compound is 

bicyclic in nature which consists of the fusion of benzene and imidazole. 

Benzimidazole can act as similar to purines to elicit some optimum biological 

responses. 

1.7. Thiazole chemistry 

         Thiazole is a five-membered heterocyclic ring containing nitrogen and sulfur and 

belongs to the family of azole heterocycles [42]. It was first discovered by Hantzsch 
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and J.H. Weber in 1887, then described it as “the pyridine of the thiophene series”[43]. 

It has two groups: C=N, an electron-accepting group, and an (-S-), electron-donating 

group. As it delocalizes a lone pair of electrons from the sulfur atom [44]. Hence the 

name thiazole, where the part (thia) refers to the sulfur atom, while the part (az) refers 

to the nitrogen atom, and the part (ole) indicates the presence of a five ring. Thiazole 

has a boiling point of (116-118˚c), free thiazole is a pale yellow, flammable liquid with 

an odor similar to pyridine [43]. Figure (1.17) clarifies the thiazole structure. 

  

Figure 1.17: 1, 3-thiazole structure [43]. 

1.7.1. Synthesis of thiazole 

          Thiazole ring can be synthesized using the most common and oldest method 

developed by the German scientist Hantzsch. This method involves α-halocarbons and 

many reactants with the N-C-S fraction engaging in a cyclic reaction, like thioamides, 

and thiourea [45]. The mechanism of preparing thiazoles from α-halocarbons with 

thioamides is summarized by attacking a nucleophile by the sulfur atom in the 

thioamide to the α-carbon of the α-halocarbons resulting of an intermediate compound 

[43], as shown in the following Figure (1.18):  
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Figure 1.18: Hantzsch thiazole synthesis reaction mechanism [43]. 

1.7.2. Application of thiazolyl azo compounds   

           Thiazoles and their derivatives are characterized by their wide applications in 

many fields, including medicine. The substituted benzothiazole compound was also 

used in the formulation of many drugs used to treat many diseases, such as arthritis, 

asthma, stomach ulcers, and cancer diseases, which attracted the interest of many 

researchers to study the biological effect of these compounds and their ability to inhibit 

malignant tumors [46].  

          In the industry field, thiazoles and their derivatives were used as chromogenic 

reagents for dyeing textiles, such as polyester, acrylic, nylon threads and were used as 

indicator. Figure (1.19) shown chemical structure of azo amino thiazole disperse dye 

[47].  

 

Figure 1.19: Chemical structure of azo amino thiazole disperse dye [47]. 
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              Thiazolyl azo and their derivatives have important uses in different fields, they 

used to determine for many metal ions. Thiazole azo dyes have been used for many 

applications such as, biological activity, analytical reagents, and the clinical field. 

Because of their interesting biological activity, many studies have been carried on the 

reactions of heterocyclic thiazole azo dyes and their metalichelates [48].  

          In 2023 Khalid J. AL- Adilee, and H.A.K. Kyhoiesh were prepared of some 

transition metallic complexes of new thiazolyl azo ligand   of 2-[2′ -(6-

methoxybenzothiazolyl)azo]-5-dimethylamino benzoic acid (6- MBTADB) with 

Pt(IV) and Au(III) at (M:L) ratio (1:1). Thiazolylazo ligand complexes are studied on 

the basis of their analytical, spectroscopic, magnetic susceptibility and conductance 

data. The stability constants of prepared complexes have been determined by 

spectrophotometric method. The Au(III) complex structure [49], as shown in Figure 

(1.20). 

 

Figure 1.20: Au(III) complex with (6- MBTADB) Structure [49]. 

            Khalid J. AL- Adilee, A. K. Abass, and A. M. Taher were prepared a new 

heterocyclic thiazolyl azo dye ligand, 2- ['2- (4, 5- dimethyl thiazolyl) azo] -4-

EthoxyPhenol (DMeTAEP), by the diazotization of 4.5-dimethy thiazolylazonium 

chloride and coupling with 4-Ethoxy phenol in alkaline alcoholic solution under 

suitable optimized experimental conditions to yield a new azo dye ligand . The 

complexes were prepared from Co(III), Ni(II), Cu(II) , Zn(II), Cd(II), and Hg(II) ions 
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.All the compounds were confirmed by XRD, iSEM, (TG-DTG) thermal analysis, 1H-

NMR,UV–visb, mass and FT-IR spectroscopic methods [50], the complex structure is 

shown in Figure (1.21) . 

 
Figure 1.21: The chemical istructure of metal chelate complexes DMeTAEP where M =iCo(III), 

Nii(II) , Hg (II) , Cu(II) , Zn (II) and Cd (II) [50]. 

 

 

        Later, in 2021, Khalid J. AL- Adilee, and Azal S. Waheeb , also synthesised  a 

novel heterocyclic azo dye ligand 2-[2- (4,5-Dimethyl thiazolyl)azo]- 4-methoxy 

phenol (DMeTAMP) which prepared by coupling reaction between diazonium salt 

produced from diazonited 2-amino- 4,5-dimethyl thiazole with 4 –methoxyiphenol . 

The structures of the azo dye ligand and the metallic complexes were characterized by 

elemental microanalyses (C.H.N.S), 1H and 13C- NMR, UV–Vis spectroscopy, and 

FT-IR spectroscopy. The results showed that prepared complexes with [1:2] metal-

ligand ratios and the ligand behaved as tridentate chelating [48]. The complex structure 

is shown in Figure (1.22). 
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Figure 1.22: The ichemical structure of metal chelateicomplexes DMeTAMP where M = Cu(II) 

,Mn(II) ,and Zn (II) [48]. 

 

1.8. Biological Activity 

         Heterocyclic compounds are found in macromolecules like enzymes, vitamins, 

natural products, and biologically active substances, they are a vital component in 

medical chemistry [51]. A literature survey shows that thiazole and imidazole 

derivatives exhibit anti-fungal, anti–inflammatory, anti-bacterial, anti-allergic, 

herbicidal, and anti-cancer activity [52].  

         Thiazoles have been known for their broad uses in the medical and 

pharmacological fields. It has been used as an analgesic, anti-inflammatory, heart 

stimulant, antifungal, anti-coagulant, and antitumor [53]. 2-Aminothiazole is the 

starting material for synthesizing many compounds, including sulfuric drugs and 

fungicides, and can be used as a thyroid inhibitor in treating hyperthyroidism [54]. 

          Thiazole compounds have proven their therapeutic effectiveness as they are 

considered   antimicrobials, so the scientist Bradshaw prepared a number of its thiazole 

derivatives, including 2-(4-amino phenyl benzo thiazole) [55], the formula is shown 

in Figure (1.23).  
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Figure 1.23: 2-(4-amino phenyl benzo thiazole) structure [55]. 

 

           Recent studies have shown that many microorganisms, including bacteria and 

fungi, cause diseases that are effectively affected by organic and inorganic chemical 

compounds. In these studies, one type of fungus such as Penicillium sp., In addition, 

two types of bacteria were utilized with the initial one Staphylococcus aureus (S. 

aureus), gram-positive bacterium and the other Escherichia Coli (E. coli) gram-

negative [56].  

        Bacteria are single-celled primitive microorganisms that exist in several forms, 

including spherical, bacilli, and spiral, as they are considered one of the pathogens of 

human diseases. Bacteria enter the food manfucatures and pharmaceutical industries. 

In terms of nutrition, they are autotrophic and non-autotrophic [57]. 

        As for fungi, they are living organisms Eukaryote, carrying spores similar to 

algae. However, unlike algea, fungi don’t posses chlorophyll, and inhibit the same 

environment as humans. Due to the absence in their cells, fungi rely on autotrophs for 

sustenance, leading to parasitic life. Fungi reproduce in several ways, such as through 

binary fission, budding or formation of asexual spores, additionally some fungi 

reproduce sexually by producing sexual spores [58]. 
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1.9. Cancerous tumor 

           Cancer in the organs of the human body is a big hazardous health risk whose 

limitations subjected to hyperthermia therapy should be studied carefully .Cancer is 

the main cause of death in many countries [59].  

           Tumours are pathological cellular growth disturbances characterized by 

uncontrolled and abnormal cell division. Tumours are solid or fluid-filled lumps of 

abnormal tissue [60]. Solid tumors account for 85% of human cancers, benign tumours 

do not spread to other parts of the body after removal. However, malignant tumours 

develop rapidly and invade adjacent tissues, allowing tumour cells to enter the 

circulatory and lymphatic systems and spread to other body parts [61]. Will be 

discussed below: 

1.9.1 Lung cancer 

          Lung cancer is caused by abnormal, uncontrolled development of cells in the 

lungs. This expansion can cause metastasis, invade adjacent tissue, and spread beyond 

the lungs. Lung epithelial cells cause most primary lung cancers. Lung cancer is the 

primary killer of males and females compared to other cancers worldwide [62]. Non-

small cell (NSCALC) and small-cell (SCALC) lung carcinoma are the two most 

common forms of lung cancer, characterized by the size and appearance of the 

malignant cells viewed by a histopathologist under a microscope.  Cancer of the small 

cells of the lung (SCLC) spreads rapidly. It has a significantly greater rate of spread 

than non-small-cell lung cancer [63]. Mainly, smoking is considered as one of the most 

critical risk factors for lung cancer, as well as exposure to radon gas or asbestos; 

patients with lung cancer typically have symptoms, mainly cough. Hemoptysis in 
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combination with weight loss, loss of appetite, or shortness of breath [64] Figure (1.24) 

shows Lung cells and tissues infected with a cancerous tumor.    

 

Figure 1.24: Lung cells and tissues infected with a cancerous tumor [64]. 

1.9.3. Pancreas cancer 

        Pancreas cancer is one of the most aggressive and deadly malignant neoplasms. 

By 2030, it is expected to overtake colorectal, breast, and prostate cancers to become 

the second most common cause of cancer-related deaths [65]. Just 6.2% of cases of 

early-onset pancreatic cancer occur before the age of 50, making it a disease mainly 

affecting the elderly [66]. The median age of diagnosis is 68 years old. Among lifestyle 

risk factors, diets rich in processed meat, high-fructose drinks, and saturated fat were 

linked to obesity and diabetes, as well as alcohol and cigarette smoking [67]. Figure 

(1.25) shows pancreatic cells and tissues infected with a cancerous tumor. 
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Figure 1.25: Pancreatic cells and tissues infected with a cancerous tumor [67]. 

1.10. MTT Assay 

          The MTT assay is a sensitive and reliable indicator of the cellular metabolic 

activity. The assay relies on the reduction of MTT, a yellow water-soluble tetrazolium 

dye, primarily by the mitochondrial dehydrogenases, to blue colored formazan crystals 

[68]. The percentage of live cells is calculated through a colorimetric test for 

evaluating the activity of cellular enzymes; as a result, increasing the intensity of the 

blue color means obtaining a more significant number of living cells. The reason for 

the color change is the production of mitochondria, the dehydrogenases enzyme, which 

breaks the tetrazolium ring of the MTT dye [69]. Figure (1.26) shows the mechanism 

of action of MTT dye. 

 

Figure 1.26: Mechanism of action of (MTT) dye [69]. 
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1.11. The aim of the study  

     Following is an overview aim of this study:  

1. Synthesis of new heterocyclic thiazolyl azo dye ligand with several coordinating 

complexes of cobalt (III), nickel (II), copper (II), silver (I), and gold (III) ions. 

2. Characterizing the prepared compounds through different techniques: C.H.N.S 

analysis and some spectroscopes like 1HNMR, FT-IR, 13C-NMR, Mass Spectrometer, 

UV-Vis and TGA analysis.  

3. The investigation of stability of the prepared thiazolyl azo ligand and its 

corresponding complexes. 

4. Studying the crystal structure and structural properties such as crystal size, 

crystalline phase, and calculating the (d-Spacing) between the ligand and its metallic 

complexes prepared using X-ray diffraction. 

5. Studying the surface properties of each ligand and its prepared metallic complexes, 

surface structure, shape and size of nanoparticles, and the distribution of crystals and 

clusters using the scanning electron microscope technique in the emitted field. 

6. Studying the biological effects of each of the ligands and their metal complexes 

prepared to evaluta the possibility of using them in the medical field, their influence 

on inhibiting the growth of different types of bacteria (Streptococcus, Escherichia 

coli) and inhibiting the growth of pathogenic fungi (Penicillium sp) that cause many 

common diseases. Studying toxicity tests of certain compounds prepared in this study 

on human cells assessing the potential for their use as pharmaceuticals for cancer 

treatment by studying cancerous and healthy cells to compare and determine the 

feasibility of using these compound in the medical and pharmaceutical aspects. 
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2.0 Materials and methods 

2.1. Materials 

        All chemicals were of reagent quality and were utilized without additional 

purification. Table (2.1) displays the chemicals used in the study. 

Table 2.1: Chemical materials used in this work and manufacturing companies. 

No. Chemicals Structure 

formula 

Company Purity% 

1 2-amino-5- methyl thiazole C4H6N2S Sigma-Aldrich 98% 

2 Ammonium acetate CH3CO2NH4 Fluka 99% 

3 Cobalt(III) chloride  

hexahydrate 

CoCl2.6H2O Ridel- deHaën 99% 

4 Copper(II) chloride 

hexahydrate 

CuCl2.6H2O MERCK 99.9% 

5 5,6-dimethylbenzimidazole C9H10N2 Sigma-Aldrich 98% 

6 Dimethyl sulfoxide(DMSO) C2H6SO B.D.H 98% 

7 Ethanol C2H5OH J.T.BAKER 99.9% 

8 Hydrochloric acid HCl B.D.H 37% 

9 Hydrogen tetrachloroaurate 

(III) trihydrate 

H [AuCl4]  Glentham life 

sciences Ltd 

99.9% 

10 Nickel(II) chloride 

hexahydrate 

NiCl2.6H2O MERCK 99.9% 

11 Silver Nitrate AgNO3 B.D.H 99% 

12 Sodium hydroxide NaOH B.D.H 98% 

13 Sodium nitrite NaNO2 B.D.H 98% 
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2.2. Apparatuses  

   The following apparatuses have been used for the spectral, physical, analytical, 

and thermal measurements as well as the magnetic properties to identify the prepared 

ligand and its metallic complexes. The biological activity of the azo dye ligand and 

metallic complexes prepared with some antimicrobials were studied. In addition these 

compounds are used as anti-cancers, as follows: 

 2.2.1. UV-Visible spectrophotometer 

  The electronic spectra have been measured for the synthesis compound in 

ethanolic solution by using a PerkinElmer Ultra Violet-Visible Spectrometer Lambda 

35 in the range (200–1100 nm) in the Laboratory of Science College, Department of 

Chemistry, AL-Muthanna University.  

2.2.2. FT-IR spectra 

  The infrared spectra were recorded from a KBr disc (100 - 1mg) of the solid ligand 

and metallic complex using a (Shimadzu, FT- IR 8400S Spectrophotometers) at the 

range (400 -4000) cm-1 in the Chemistry Laboratory at AL-Muthanna University.  

2.2.3. 1H and 13C-NMR Spectroscopy  

  The spectra of nuclear magnetic resonance for the prepared ligand and some of 

the prepared metallic complexes using a 500 MHZ spectrophotometer utilizing 

DMSO-d6 as a solvent and quaternary (TMS) silane as a standard reference at Mashhad 

University of Medical Sciences in Tehran, Iran.  
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2.2.4. Mass Spectra 

     The mass spectra of the synthesized ligand and some of its metallic complexes 

were determined on a Mass AB Sciex 3200 QTRAP machine at Mashhad Iran 

University of Medical Science, in Tehran. 

2.2.5. Micro Elemental analysis C.H.N.S   

        Elemental analysis of ligand and metallic complexes utilizing EA 300 (CHNS) 

element analyzer. This apparatus has been used for finding the percentage of carbon, 

hydrogen, nitrogen, and sulfur elements in both ligand and their prepared solid 

complexes assessed at the University of isfahan in the Islamic Republic of Iran.  

2.2.6. Melting Points  

        The SMP, Stuart instrument was applied to determine of the melting point or 

decomposition temperature for the azo dye ligand and their metal chelates.  

2.2.7. Atomic Absorption Apparatus  

     Metal content of Co(III), Ni(II), Cu(II), Au(III), and Ag(I) complexes were 

determined utilizing the flame atomic absorption method by Shimadzu AA-6300 

devices, at Ibn-Sina Company, Ministry of Industry Iraq.                                                                                                            

2.2.8. Molar Conductivity Apparatus 

        A 31A digital Conductivity analyzer in ethanolic solution was used to measure 

the ligand and solid complexes' molar conductivity in a 10-3 M solution at ambient 

temperature using instruments the Chemistry Department in AL-Muthanna University. 
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2.2.9. Magnetic Susceptibility  

        Magnetic susceptibility studies of the chelating complexes in powder form were 

performed using the Balance Magnetic (MSB-MKI) equipment, and by the Faraday 

method, Pascal’s constants and diamagnetic corrections, Magnetic moments of the 

complexes were calculated using the equation 

μeff = 2.84 [TχMcoor]1/2 [70]. The measurement was carried at College of science/ 

Al-Nahrain University.  

2.2.10. XRD Study  

         X-ray diffraction (XRD) was measured to know the crystalline nature, crystalline 

size, distances between crystals, properties, and geometrical crystalline shapes for the 

prepared compounds with an angular range of 2θ (20–80°) using a German-made 

device (Bestic Aluminium anode) with (CuKα) radiation (λ=1.5418◦A) at the 

University of Kashan, Islamic Republic of Iran.  

2.2.11. Thermogravimetric Analysisi 

     Thermogravimetric analysis (TGA-TDG) studies of ligand and their complexes 

were done by using Perkin Elmer, model (TGA 40 0 0), USA Method from 40 to 900 

0C under a nitrogen atmosphere with a heating rate of (10 ◦C min-1) at the University 

of Kashan, Islamic Republic of Iran. 

2.2.12. (FE-SEM) Analysis 

        The FE-SEM technique was used in the emitted field of a ZEISS EM 3200 to 

take a much-enlarged image with a magnification of Mag-50.00KX of the samples 
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using electronic beams that were projected on the surfaces of the material and conduct 

measurement at Al-Razi laboratories in Tehran, Republic of Iran.  

2.3. Preparation of Azo dye Ligand (5-MTADMBI) 

          The azo ligand 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol (5-

MTADMBI) was synthesized according to the following procedure [70], [48]. The 2-

amino -5- methylthiazol (1.30 g, 0.01 mol) was dissolved in a mixture of hydrochloric 

acid (5 mL) and distilled water (30 mL) and was rapidly cooled in an ice bath at (0–5) 

◦C. The above mixture was slowly added to a cold solution of sodium nitrite NaNO2 

(0.9 g, 0.01 mol), was dissolved in (35 mL) distilled water with cooling and it was kept 

at (0–5) ◦C with constant stirring. After that, it was stirred for another 2 h to complete 

diazotization. Then , the obtained diazonium salt solution was added  to  solution 5,6- 

dimethyl benzoimidazol (1.46 g, 0.01 mol) and dissolved in a mixture (35 mL 

ethanolic solution, 12 ml 10% NaOH ) in below 5 °C . The formed solid product was 

separated by filtration, purified by crystallization from ethanol, washed several times 

with diethyl ether and dried in vacuum over anhydrous calcium chloride to give brawn 

crystals, yield 85%. The mechanisms of diazotization coupling are shown in Scheme 

(2.1) below. 
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Figure 2.1: Synthesis of 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol 

ligand. 

2.4. Preparation of Buffer Solutions  

     Buffer solutions were prepared with a concentration of (0.01 M, 0.771gm) for 

ammonium acetate CH3COONH4 in one liter of deionized water. The required pH was 

obtained through using dilute solution 0.1 M of NH3 or CH3COOH solution into the 

ammonium acetate solution before completing the volume, these solutions have been 

prepared to an extent within the pH scope (4 - 9)[71].  

2.5. General procedure for synthesis metallic complexes 

          The metal complexes were made from dissolving   (0.5426 g,0.002mol) from 

the ligand 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol in a hot 

ethanolic solution (50 mL), then added in drops with stirring  continuously to (0.001 

mol) amount of 1:2 [M:L] for CoCl3.6H2O, and  CuCl2. 2H2O dissolved in from a hot 

buffer solution(25 mL) (ammonium acetate), while the ligand amount of (0.2713 g, 

0.001 mol) added in the same method to a stoichiometric to  (0.001 mol) amount of 
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[1:1]  [M:L] for NiCl2.6H2O , AgNO3 ,and HAuCl4⋅4H2O salt at pH solution for perfect 

pH , and the  mixture of  this complex was heated to (50 -70) °C at 2 hour . All 

complexes left over night (Scheme 2). The solid complexes were filtered off and 

washed with distilled water and little warm ethanol to remove any unreacted 

components. Several hours were spent drying the solid complexes in a desiccator over 

anhydrous CaCl2.[70]. According to (Table 2.2), the produced ligand and their metal 

complexes exhibit the following physical and analytical properties.                                                                                                                                                                          

 

 Scheme 2.1: Synthesis of metal chelates. 
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Table 2.2: Some physical properties of metal chelates with azo ligand 

Mole ratio 

[M:L] 

Molecular Formula  

(g/mol) (M.wt) 

Yield

% 

 maxλ

(nm) 

m.p °C Color Compound 

--- S5N13H13C 

271.34  

85 458 128 ◦C Brown 

crystal 

MTADMBI-5 (H1L) 

1:2 Co3Cl2OS10N28H26C 

726.003 

79 629 231 ◦C Bluish 

green 

O2]Cl.H2)1[Co(L 

1:1 Ni2OSCl5N15H13C 

418.962 

72 585 138 ◦C Olive 

green  

O2)Cl].H1[Ni(L 

1:2 Cu2Cl2OS10N28H26C 

695.263 

83 637 227 ◦C Dark green O2].H2)1[Cu(L  

1:1 Ag5SO6N17H13C 

477.252 

75 587 206◦C Green  )].3O)(NO2(H1[Ag(L)

O2H 

1:1 3SOAuCl5N15H13C 

592.692 

70 598 184◦C Bluish 

violet 

O2]Cl.H2[Au(L)Cl 

                                         

2.6. Preparation of Ligand Solutions  

         The solutions of the azo dye ligand 2-[2’-(5- methylthiazolyl) azo]-5-,6-

dimethyl benzoimidazol have been prepared by  dissolving the required weight of the 

ligand  prepared mentioned in paragraph  (2.3) of this chapter in an ethanolic solution  

with  different concentrations of the metal ions  ranging from  (1x10-2 to 1x 10-6) [72]. 

2.7. Determine the Optimum Conditions  

        In order to find out the optimal conditions for the prepared metallic complexes, 

several experiments were carried out for solutions of azo dye ligand complexes with 

the previously mentioned ions, as follows:  
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2.7.1. Identify the Best Concentrations  

       Several concentrations of the prepared azo ligand and the metallic ions under 

study were prepared in a range between (1x10-4-1x10-6) molar. Preliminary tests were 

conducted in order to find the best concentrations that obey Lambert-Beer law as well 

as  it was found that the solution concentrations in the range of (3x10-4-1x10-6) molar 

represent the best concentrations as they gave clear solutions and showed acceptable 

absorption that could be relied upon in measurement [73]. 

2.8. Mole Ratio 

        The molar ratio method was used upon for the purpose of calculating the metal: 

ligand ratio [M:L], as the molar absorbance was measured for a group of solutions at 

the best concentration, and the prepared solutions contained a fixed amount of the 

metal solution and variable quantities of the azo dye ligand solution prepared by 

mixing one ml of a solution of the salt of each metal with a specific concentration, 

with variable volumes of the ligand solution ranging between (0.25 - 3) ml of the same 

concentration of the relevant ligand solution, with a difference of (0.25) ml between 

one solution and another. The molar ratio in the solutions of the complexes was 

obtained by drawing the graphs between the metal: ligand molar ratio on the x-

coordinate and corresponding to the molar absorptivity on the y-coordinate [74].  

2.9. Spectroscopy Measurements of Metallic Complexes  

      The metallic complexes were characterized utilizing different techniques 

including elemental microanalyses (C.H.N.S),and  measurements  UV–Vis spectra 

were made  from the prepared compounds dissolved in ethyl alcohol solution, with 

concentrations ranging from (1x10-4–2.5 x10-4M) utilizing a path-length quartz cuvette 

of (1cm) at the maximum wavelength (λmax) .  
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          The Infrared (FTIR) spectra was recorded for these complexes by using solid 

tablets (KBr) within the range of wave number (400-4000) cm-1. The proton and 

carbon (1H&13CNMR) spectrum was studied in order to know the structures of the 

prepared azo-dye ligand and some of their metallic complexes using TMS as a standard 

reference in DMSO‑ d6 as solvent. Mass spectra were taken for the ligand under study 

and for some prepared metallic complexes. Mixed-ligand complexes of Co(III) ,Ni(II), 

Cu(II), Ag(I) and Au(III) were studied using thermal analytical techniques (TGA-

DTG), X-ray diffraction (XRD), and emitted field electron microscope (FE-SEM) .  

2.10. Measurements of Conductivity  

 The molar conductivity (Λm) was measured for the solutions of the metal 

complexes under study in the ethanol solvent whose concentration (1× 10-3 M) for the 

solutions at the laboratory temperature [75].  

2.11. Magnetic Susceptibility Measurements 

         Magnetic susceptibility was measured  for some  metal complexes prepared 

depend on temperature in 25 ̊C  utilizing diamagnetic corrections, the Faraday 

approach, and Pascal's constants by putting the sample in a small thermal glass tube  

suspended from the pan of the sensitive balance and placed between two electrodes, to 

obtain the gram susceptibility values (Xg) which have been transformed to molar 

susceptibility (Xm) then atomic susceptibility (XA) after finding the value of the 

correction coefficient (D) from tables of Pascale constants , according to that , we 

found the values of the effective magnetic moment (µeff) according to the following 

law [76], [77]: 

 µeff = 2.828 √𝑋𝐴𝑇 B.M 
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Since (T): represents the absolute temperature degree. 

(B.M): Bor.Magnaton which is the unit of measuring the effective magnetic 

moment. 

(XA): represents the atomic sensitivity.  

2.12. Find the Percentage of Chloride in the Metal Complexes 

        The Mohr method [78] was used to determine if counter-chloride ions were 

present or absent out side of the coordination sphere. The complex solution was titrated 

by comparing 0.10 M of standard AgNO3 to a few drops of 5% (K2CrO4) as an 

indication [79]. Ni(II), Cu(II) and Ag(I) complexes were found to be non-electrolytes 

by the silver nitrate test, which was further supported by the molar conductivity 

measurement. The Co(III) and Au(III) complexes were shown to have an electrolytic 

character with a 1:1 ratio according to the silver nitrate and molar conductivity 

examinations at the same moment.                    

2.13. Biological Activity 

        The biological activity of the azo dye ligand and its metal complexes were 

examined against two types of bacteria, Staphylococcus aureus (G + ve), Escherichia 

coli (G -ve), as well as the fungus Penicillium, by using the diffusion method in agar 

[80]. Stock solution has been prepared by dissolving all the compounds in DMSO, the 

ligand and its metal complexes were tested for antimicrobial activity at 0.25 mg/mL in   

DMSO. On Muller Hinton agar medium and Sabouraud agar, fungus and bacteria 

cultures were conducted. The diameters of the inhibition zones were measured in 

millimeters. DMSO inhibitory zone diameters were determined after 24 h and seven 

days, respectively. The wells have been filled with solutions using a micropipette [81].  
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          Chelation reduces the polarity of the metallic ion by sharing positive charges 

with the donor atoms in the ligands, and π-electron delocalization may occur during 

the chelation process. This phenomenon increases the metal chelates lipophilic nature, 

allowing it to pass more easily through the microorganism’s lipoid layer, killing it 

more effectively. The other factors like solubility conductivity and bond length 

between the metal and ligand also increase the activity [82]. 

 2.13.1. Preparation of the Plant's Bacterial Media and Calculation 

of the Inhibition zone  

      The culture medium (Agar) was prepared according to the company’s instructions, 

which are equipped with the type of Muller Hinton Agar, by adding (38 gram) of the 

prepared culture medium in one liter of boiled distilled water in a conical flask and 

shake well to completely dissolve the culture medium, after that The prepared medium 

is placed in an autoclave at a temperature of (121°C) and under a pressure of 15 pounds 

/ ang2 for a period of 15 minutes, then these are poured into sterile glass dishes (Petri 

dish), and left to cool, and a so-called (loop) is used to grow bacteria in Agricultural 

dishes inside the Hood device, and holes were drilled in these dishes by using a cork-

borer sterilized with alcohol, taking into account leaving an appropriate distance 

between one hole and another in order to avoid overlapping between the inhibition 

areas. After that, the prepared solutions were added to these holes in an amount of (0.1 

mL) using Micropipette, and this occlusion was placed for 24 hours in that incubator 

at 37°C. After that, the amount of inhibition of these compounds under study was 

measured using a millimeter ruler [80]. 
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2.13.2. Preparation of the Artificial Center of Fungi and Calculation 

of the Inhibition zone   

       The nutritional medium was prepared according to what was mentioned by the 

company that supplied it (Sabouraud Agar Medium) by dissolving 62g of it in 1000 

mL of distilled water in a glass beaker. The medium was sterilized by an autoclave and 

poured into dishes, and chemical solutions were added to measure the extent of their 

inhibition ability against fungi. The plates were left to cool, and the fungi were 

cultivated on the medium, after which they were placed in the incubator at 28°C for 

seven days. After that, the diameter of the growing colony was measured with a 

millimeter ruler [83]. 

2.13.3. Gram Stain Solution 

 The stain solutions were prepared and used for studying the morphological 

properties of the bacteria isolated under microscope. 

2.14. Cytotoxicity Assays Cell Lines 

2.14.1. Cell Lines 

   In this study, the lung Carcinoma cell line (A549), and pancreas carcinoma cell 

line (TP-53), and healthy human cells (HdFn) obtained from the oncology center in 

Baghdad were used. Cancer cells were maintained and developed, and the necessary 

tests were conducted on them in the same center that was mentioned above. 

2.14.2. Measurements of Cell Proliferation 

     Lung and pancreatic cancer cell lines were cultured in RPMI-1640 supplemented 

with 10 % fetal bovine serum, 100 units /mL penicillin, and 100μg /mL streptomycin. 

The synthesized compounds were tested in vitro against the cell lines A549 and TP-53 
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in anticancer assays. The MTT [3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide] colorimetric analysis was employed to identify the vitality of the cells.  

        Each of the 96 well microliter plates was filled with 200 μL of the suspension 

above, and the plate was left to incubate for twenty-four hours at 37°C in an 

environment of 5% CO2 [84]. Aspirating the wasted medium was done after 

incubation. To each well, 200 μL of various test concentrations of a synthesis chemical 

(12.5, 25, 50, 100, 200, and 400μg /mL from stock solution) were added. The plate 

was incubated for a full day at 37°C in an environment containing 5% CO2.  

        The examined sample medium was aspirated after the plate was taken out of 

the incubator. After adding 200μL of media containing 10%MTT reagent to each well, 

the plate was incubated for three- hours at 37°C in a 5% CO2 environment to reach a 

final concentration of 0.5mg/mL. The generated formazan (tetrazoliumchloride), a 

decreased form of MTT, was then solubilized by adding 100μL of DMSO and 

carefully shaking the plate in a centrifugal shaker. A micro-plate sensor was used to 

determine the absorbance at 570 nm and 630 nm, and the % growth inhibition was 

computed [69]. Using a phase difference inverted microscope to see the cells, the 

morphological alterations of malignant cells (A549) and (TP-53) were compared with 

the control and treated samples, and the images were captured on camera. 
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3.0 Results and Discussion 

 Heterocyclic azo dyes have garnered a great deal of attention and have contributed 

significantly to the advancement of dye chemistry and the dyeing process. All 

substances that were made and was described utilizing several spectrum analyses, 

including 1H and 13CNMR, FTIR, and UV-Vis spectrophotometers. Additional 

biological activities of the created azo compounds, such as anti-pancreas and anti-lung 

carcinoma, were evaluated. Additionally, the anticancer effects of synthetic substances 

were investigated versus (A549) cancerous cell lines and pancreas (TP-53) cancer cell 

lines by MTT assay [51].  

3.1. Spectacular spectroscopy of ligand (5-MTADMBI) and their 

metallic complexes 

 The spectral scanning process was carried out for the mixture of ligand-complexes 

of cobalt (III), nickel (II), Copper (II), silver (I), and gold(III) which were dissolved in 

absolute ethanol (Et OH) using the UV- Visible at diluted concentrations that ranged 

between (1 X 10-4 - 2.25 X 10-4M) to obtain the maximum wavelength (λmax) for each 

of the ligand and their metallic complexes [85]. The metallic complexes displayed new 

bands, which indicates the occurrence of a coordination process between the ligand 

and their chelating complexes. The findings are clarified in Table (3.1). 
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Table 3.1: Maximum wavelength, best concentration and molar absorbance of the ligand and their 

metallic complexes. 

 

3.2. Determine Optimum Conditions 

       The best conditions for the coordinating of azo- ligand with the metallic ions 

under study were determined by the following: 

3.2.1. Metal Salts Selection 

          The salts of all the metal ions under study were chosen with a high degree of 

purity with the negative ion in order to prevent the occurrence of spectral interference. 

Chlorides were chosen without other negative ions such as nitrates, sulfates and 

bromides (except for silver chloride, which was not chosen because it is difficult to 

dissolve in aqueous solutions) [86]. These solutions had to be clear and free from 

sediment or suspended particles that lead to reflection, absorption or scattering of light 

during the spectral measurements.  

3.2.2. Determination Optimum Concentrations 

       The importance of selecting the best concentrations of the ligand and its metallic 

complexes under investigation lies in showing the colors of their complexes clearly 

and the submission of these concentrations to the Lambert-Beer law [87]. A wide range 

of concentrations has been studied between (1 X 10-6 -2 X 10-2M) for the ions of all 

Optimal 

M4 -Conc.×10 

Abs Molar absorptivity 

)1-cm1-(Lmol3)x10Ɛ(  

 maxλ

(nm) 

Compound 

1.25  0.24 1.92 458 (5-MTADMBI( L1H 

1.0 0.21 1.40 629  [Co(L)2Cl2]Cl.H2O] 

1.50 0 .27 1.80 585  [Ni(L)1Cl2].H2O] 

 2.00 0.52 2.97 637  [Cu(L)2Cl2].H2O] 

1.50 0.46 3.68 587  [Ag(L)1(H2O)(NO3)].H2O 

2.00 0.55 2.75 598  [Au(L)Cl2]Cl.H2O 
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the elements concerned, and many of these concentrations were excluded for several 

reasons, including their inefficiency for spectroscopic measurement and the 

appearance of absorption peaks outside the measurement limits, because they are 

either. 

          The solutions are not clear, as in the case of high concentrations, which are 

(1x10-2 – 1x 10-3 M), or they are out of the spectroscopic measurement sites because 

they gave sediment  to metallic complexes upon mixing, and this causes obstruction in 

the spectroscopic measurement process or non-compliance with these concentrations 

are according to the law of Lambert-Beer. Although some concentrations are subject 

to this law, they are inefficient for study because they are almost colorless, as in the 

case of low concentrations, which are (1x10-5 M).  

           The indicator of the complex was so weak that it was difficult to be sensed by 

the device, and the absorption values were weak, so it was excluded, from here it was 

found that the appropriate concentrations that must be worked out are within the range 

(1 X 10-4 -2.25 X 10-4M) of each metal ion and its compliance with the Lambert-Beer 

law appeared as suitable experimental concentrations for each of the ligand solutions 

and the metallic ions under study [71].  

3.2.3. Determining Calibration Curves of Metal Complexes 

        A group of solutions were prepared, the concentrations of which ranged between 

(1 X 10-4 -2.25 X 10-4M) for each of the azo-dye ligand and the metallic ions under 

study after they give them acceptable spectral absorption at the wavelength (λmax) 

specified for each complex [88]. The relationship was drawn between these 

concentrations represented by the x-axis and the corresponding absorbance 

represented by the y-axis, as it turned out to be in a compliance   with the Lambert-
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Beer law and the relationship is linear [89]. As Table (3.2) show the optimum 

concentrations for these complexes   and the absorbance at the greatest wavelength 

(λmax). Figures from (3.1) to (3.2) show the linear relationship of the calibration curves 

for mixing solutions of the metallic ions with the azo dye ligand at the selected 

concentrations. 

Table 3.2: The maximum absorbance at (λmax) for the selected concentrations of mixing solutions of 

the metal ions under study with the azo dye ligand (5-MTADMBI).   

  

 

Figure 3.1: The linear relationship between the absorbance and the range of concentrations selected at 

(λmax) for each of the metal salts prepared with ligand. 

 

  4–10Molar Conc.                

Abs.           

Metallic Complex 

  

2.25 2.00 1.75 1.50 1.25 1.00 ) nmmax(λ 

 H = 4581L 

0.311 0.288 0.243 0.211 0.177 0.147 629 Co(III)-Complex   

0.212 0.180 0.159 0.139 0.124 0.095 585 Ni(II)-Complex 

0.374 0.336 0.299 0.262 0.222 0.182 637 Cu(II)-Complex  

0.0679 0.063 0.055 0.0449 0.0393 0.0289 587 Ag(I)-Complex 

0.099 0.089 0.079 0.0669 0.0584 0.047 598 Au(III)-Complex 



 

 Results and Discussion Chapter three                                                   

44 
 

 

Figure 3.2: The linear relationship between the absorbance and the range of concentrations selected at 

(λmax) for each of the metal salts prepared with ligand.  

 

3.3. Determination of Possible Compositions of the Chelating 

Complexes 

      To find possible structural formulas for complexes, spectral methods are often 

used, especially if the solutions of the complexes are colored, the ultraviolet-visible 

spectra are used for this purpose, because the complexes show clear and distinct 

absorption peaks, and there are many methods used to determine the ratio of [ligand: 

metal]. 

        Mole ratio method was invented by Yoe and Jones [90], which can be used to 

find the mole ratios of metal complexes by using absolute ethanol as the solvent, while 

the continues method depending measured absorbance when the concentration of two 

compound have been varied. The composition of metal complexes was examined using 

UV-VIS spectrophotometry at constant metallic ion concentrations and wavelengths 

(λmax), with increasing volumes of ligand' solutions' (0.25 ml every adds up to 3.5ml). 

The absorbance versus   mole ratio of ligand to metal plot gives a straight line that rises 

until it reaches the mole ratio, at which point the line breaks [91].  
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          The increasing color intensity of metal complex solutions, and the continued 

stability of color after the point of intersection are excellent indications for the 

formation of the metal complexes at the typical ratio. The molar ratios [metal: ligand] 

[1:1] for the synthesis of Ni(II), Ag(I), and Au(III)-complexes and [metal: ligand] [1:2] 

for the synthesis of Co(III) and Cu(II)-complexes are suggested. The results are in 

agreement with those reported for metal complexes. Table (3-3) shows the absorption 

values corresponding to the molar ratio of the solutions of the complexes at the 

maximum concentration of the metal ion and the ligand, where these concentrations 

were in compliance with the Lambert-Beer law at the greatest wavelength (λmax). 

Figure (3.3) clarifies  the graphic curves obtained for solutions of metallic ions, which 

are cobalt(III), nickel(II), copper(II), silver(I), and gold(III) respectively with the 

ligand under study, and the points of intersection of the straight lines represent the ratio 

of [metal:ligand] involved in the complex composition. 

Table 3.3: Ultraviolet -visible spectrum values for the mole ratio methodology at (λmax), at the 

optimum concentration of mix metallic ion solutions with azo-dye ligand. 

Abs. of complexes M : L 

ml:ml Au(III) Ag(I) Cu(II) Ni(II) Co(III) 

0.053 0.079 0.055 0.172 0.186 1 : 0.25 

0.111 0.148 0.084 0.284 0.225 1 : 0.5 

0.164 0.207 0.115 0.364 0.289 1 : 0.75 

0.209 0.276 0.153 0.459 0.351 1 : 1.00 

0.212 0.280 0.185 0.483 0.385 1 : 1.25 

0.223 0.287 0.215 0.497 0.430 1 : 1.50 

0.228 0.293 0.246 0.521 0.472 1 : 1.75 

0.244 0.299 0.257 0.525 0.508 2.00:  1 

0.257 0.309 0.269 0.531 0.537 1 : 2.25 

0.270 0.322 0.280 0.552 0.542 1 : 2.50 

0.281 0.333 0.295 0.562 0.563 1 : 2.75 

0.299 0.339 0.309 0.590 0.574 1 : 3.00 
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Figure 3.3: Molar ratio curves at (λmax) for cobalt (III), nickel (II), copper (II), silver (I), and gold 

(III) with ligand. 
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3.4. Stability Studies of Metal Complexes Solutions 

         The aim of studying the molar ratio of the metallic complexes are to find the ratio 

of the ligand to the metallic [50], as well as how it can be used in calculating the 

stability constant by taking the resulting absorption values of the ligand mixing 

solutions with the metallic ion, for the purpose of calculating the stability constants for 

all the metallic complexes under study, can be computed according to the equations. 

[92], [75]: 

  

 

 

While (n): represents the molar ratio (the number of ligand bonded to the metallic 

ion), when n= 1.  

When n = 2, the value of β becomes: 

 

 

Where C: concentration at mole/L of the chemical solution  

α: degree of dissociation. 

 As: Absorption in a solution with a similar quantity of metallic ions and ligands. 

Am: the value of absorption when there is an increase in the ligand component in the 

solution.  

M + nL MLn
 (n )c (1- )c

....(1)

c

 =
[MLn]

[M] [L]n
....(2)

 =
(1- )

 2 c
....(3)

 =
(1- )

 3

....(4)

4 c2

 =
Am - As

Am
.....(5)

(3-2) 

(3-3) 

(3-4) 

(3-5) 
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The absorbance values of the metallic complexes of azo-ligand, As, Am and the values 

of (α), (β), and (Log β) have been confirmed in Table (3.4).  

Table 3.4: Stability Constants for complexes of metal ions under study with azo dye ligand at the best 

concentration and laboratory temperature. 

Compound Metal 

Ions  

(λmax)nm Am As α β Log β 

 

 

5-MTADMBI 

= L1H 

Co(III) 629 0.574 0.508 0.1149 6.46 × 109 9.81 

Ni(II)  585 0.590 0.459 0.2220 1.05 ×105 5.02 

Cu(II) 637 0.309 0.257 0.1682 1.44 × 109 9.15 

Ag(I) 587 0.339 0.276 0.1858 1.04 ×105 5.02 

Au(III) 598 0.299 0.209 0.3010 4.40 × 104 4.64 

 

3.5. Molar electrical conductivity measurements 

         The molar conductivity of solutions is widely utilized in the field of coordination 

chemistry to determine the ionic formulas of the compounds in their solutions; that is, 

the value of electrical conductivity is directly proportional to the charged factions in 

the solution [93]. Table (3.5) shows the values of the molar electricaliconductivity for 

a number of electrolytes with various solvents.  

           The molar conductivity of the metallic complexes (10-3M) was studied in a pure 

ethanolic solution (EtOH) and at ambient temperature. The presence/absence of 

counter chloride ions out of the coordination sphere was confirmed using Mohr 

Method [18]. The complex solution was titrated versus 0.10 M of standard silver 

nitrate using a few drops of 5% (K2CrO4) potassium chromate as an indicator. Silver 

nitrate (AgNO3) test revealed that Ni(II) ,Cu(II) and Ag(I) complexes were non-

electrolytes, which was also confirmed by the molar conductivity test. At the same 

time, the silver nitrate (AgNO3) and molar conductivity tests revealed an electrolytic 

nature for Co(III) complex ,and Au (III) had a ratio of 1:1. The addition of aqueous 

solution of silver nitrate to the complex of cobalt and gold (III) resulted in white 
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precipitates, which indicates that chloride ions were present outside the coordination 

sphere. Table (3.6) provides a summary of the findings.  

Table 3.5: Molar electrical conductivity values at a concentration (1× 10-3) for electrolytes in multiple 

solvents. 

Electrolyte Kind Non Electrolyte Solvent 

1:4 1:3 1:2 1:1 

480 360 240 120 0.0 Water 

160 120 70-90 35-45 0-20 (EtOH) 

290-330 220-260 150-180 75-95 0-20 Nitro Methane 

500 340-420 220-300 120-160 0-30 Methyl Cyanide 

300 200-240 130-170 65-90 0-30 DMF 

-------- --------- 70-80 30-40 0-20 DMSO 

 

 

Table 3.6: Molar electrical conductivity values at a concentration ofi1x10-3 M in ethanoli solvent at 

ambient temperature. 

 

Metal Complexes 

Molar conductivity 

S.cm2. mol-1 

L1H = 5-MTADMBI  

Electrolyte nature 

EtOH 

 

Co(III) 37.46  Ionic 

Ni(II) 10.22  Non 

Cu(II) 12.73 Non 

Ag(I) 13.67  Non 

Au(III) 39.27  Ionic 
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3.6. Magnetic Susceptibility Measurements  

        The process of measuring the magnetic sensitivity is one of the techniques for 

individual electrons, as it is a successful method complementary in its results to the 

rest of the diagnostic methods to reach a proposal for the steric shapes of the complexes 

since it offers basic knowledge on the stereochemistry and connecting of metallic 

complexes. The diamagnetic corrections for the samples were estimated by using 

Pascal’s constant and the magnetic data were corrected for diamagnetic contributions 

using a sample holder [94].  

        Magnetic measurements have been widely used in the study of metallic 

complexes, as most of the transition metals possess single electrons and show 

paramagnetic properties. Moreover, it provides details on the compound's oxidative 

state and the electrical structure of the transition metallic atoms. Determining the 

number of lone electrons for a metal ion shows the state of the complex, whether it is 

of high or low spin. If the central atom of coordination complexes does not contain 

single electrons, it will have magnetic properties [70].  

          At room temperature, the synthesized complexes' magnetic susceptibilities were 

measured in Table (3.7). The Co (III) complex's magnetic momentum value showed a 

low spin diamagnetic property, which is an indication that the cobalt (II) ion was 

oxidized to cobalt (III) while combining. Alterations in the state of oxidation are 

consistent with a previous finding that the watery solution of Co (II) salt automatically 

oxidizes to Co (III) in the founding of a potent ligand, for example, an azo-dye ligand, 

which suggests the formation of a regular octahedral structure (t2g
6eg0) with d2sp3 

hybridization [95].  

         Measuring magnetic moments is very helpful in determining the correct 

geometry of the Ni (II) complex is square plane with a hybridization of dsp2, and in 
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this instance, a diamagnetic character is shown [96]. The Cu (II) complex's suggests a 

distorted octahedral geometry (t2g
6eg3) magnetic momentum of 1.788 B.M, which is 

marginally bigger than the spin-only value of 1.73B.M [97]. The magnetic 

susceptibility of silver (I) and gold (III) complexes shows it has a tetrahedral, square 

planar shape and a diamagnetic moment (μeff =0.0 B.M (hybridization sp3, and dsp2) 

[98]. Based on the previously described findings, it is possible to suggest the structures 

of these metallic complexes, as shown in Figure (3.4). Applying the relationship 

below, one can determine the theoretical magnetic moment of metallic ions: 

 

Where S: represent the total number of spins. 

L: represents the total number of orbital angular momentums. 

       The value of the magnetic moment is limited only to the spinning movement in 

the absence of an orbital contribution to the first transition metal series, i.e. it has a 

value (L = 0), and thus the relationship is limited only to the spin-only formula:  

 

When S = n
2⁄   the relationship is written:  

 

Where n: represent the number of lone electrons in a metal atom.  

     The magnetic sensitivity of all metallic coordination complexes prepared at 250C 

was calculated, and Pascal's constants were used in order to correct the diamagnetic 

atoms present in all organic molecules and inorganic radicals, as well as metallic ions. 

           (3-6) 

           (3-7) 

           (3-8) 
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The values of the magnetic moment were calculated according to the following 

equations [97], [98]: 

.B.MTX2.828μ Aeff   
XA=XM-D        

XM=Xg× M.wt                       

Xg= CL/109m x (R-RO) 

      

                     
 It represents each of: 

T : represent the absolute temperature of  298K. 

XA : represent  the atomic sensitivity. 

Xm : represent  the molar sensitivity. 

Xg: represent the amorous (gravimetric) sensitivity. 

D : represent the diamagnetic correction coefficient. 

μeff : represent  the efficient magnetic moment. 

M.wt : represent the gram molecular weight. 

B.M. : represent the unit of magnetic moment (power magneton). 

C: 1.53    

L: 1cm 

R: represent the sensitivity of the tube to the substance. 

R0: represent the sensitivity of the tube when it is empty. 

m: represent  weight of the model = weight of the tube with the material - weight of 

the tube when it is empty. 

(3-9) 

 (3-10) 

(3-11) 

(3-12) 
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     In the following, we will discuss the method for calculating the effective magnetic 

moment μeff of the Copper(II) Complex with the azo dye ligand, and in the same way 

it is calculated for the rest of the complexes under study: 

[Cu(L)2Cl2].H2O] 

Xg = [CL/109m] × (R-RO)  

Xg = [1.53 × 1cm/109(2.071-2.014)] × (50-zero) 

Xg = 1.34 × 10-6  

XM = Xg × M.wt = 1.34 x 10-6 x 699.16 = 0.93687 x 10-3  

XA= XM-D  

Calculating the correction factor for the complex (D): 

H = 32 x -2.93 x10-6 = -93.76 x10-6 

C = 26 x -6 x10-6 = -156 x 10-6     

C ring = 20 x -0.240 ×10-6 = - 4.80x10-6  

C Shared by two ring = 4 x -3.07 ×10-6 = -12.28 x10-6  

N = 10 × -5.57 ×10-6 = -55.7×10-6  

N ring = 2 x -4.61 x10-6 = -9.22 x10-6  

O = 1 ×-4.61×10-6 = -4.61 ×10-6  

S = 2 × -15 ×10-6 = -30 ×10-6   

C=C = 6 x 5.5 x10-6 = 33 x10-6  

N=C = 4x 8.15 x10-6 = 32.6 x10-6  
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N=N = 2 x 1.8 x10-6 = 3.6 ×10-6   

H2O = -13 x10-6    

Cu+2 = -12.8 x10-6 

 After summing the values, we get the coefficient of correction for the complex: 

D = -317.33 x 10-6                         

D =- 0.31733 x10-3 

XA= XM-D = 0.93687 x 10-3 + 0.31733 x10-3 = 1.2542 x10-3  

Μeff =2.828 √XAT      = 2.828√ 1.2542 x10-3 x 298    

Μeff = 1.788 BM  

      The results of measurements of the magnetic sensitivity of the Copper (II) 

Complex, under study at ambient temperature, gave clear confirmation of the 

correctness of the suggested stereotypes for the complexes under study in Table (3.7). 

The following has been shown:  

3.6.1. Co (III)-Complex  

        Measurements of the magnetic sensitivity of the Cobalt (III)-complex under study 

showed that the complex has a diamagnetic character and takes the electronic 

arrangement (t2g
6eg0), and this indicates that the Cobalt ion (II) is oxidized to the 

Cobalt ion (III), where the oxidation state changes in the presence of air as well as the 

aqueous solution because the double oxidation state is active while the inactive triple 

oxidation state appears in the aqueous solution of double Cobalt salt to triple Cobalt in 

the presence of a strong ligand, the complex  has a low spin state. The proposed shape 

of the complex is regular octahedral and the hybridization of the central atom is d2sp3 

and it is considered one of the inner orbital complexes [99], [100]. 
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3.6.2. Cu(II)-Complex  

     The value of the effective magnetic moment of the Copper(II)-Complex gave 

paramagnetic properties of the azo- ligand under study. It was found the μeff =1.788 

and the reason for that is a single electron present in the 3d shell, and the expected 

shape of the complex is a deformed octahedron that may be (Z-in or Z-out) and the 

most probable case is (Z-out) and has the electronic arrangement (t2g
6 eg3) with sp3d2 

hybridization and it is an external orbital complex [101] [102]. 

3.6.3. Ni (II), Ag(I), and Au(III)-Complexes    

          The measurements of the magnetic sensitivity of the above complexes of the 

ligand under study gave values of magnetic moments less than one, and thus indicates 

that the complexes have diamagnetic characteristics. The measurements of the 

magnetic sensitivity of the above complexes of the ligand under study gave values of 

magnetic moments less than one, and thus it possesses diamagnetic properties. The 

proposed geometry is tetrahedral for the Silver complex (I) and has sp3 hybridization, 

while the expected geometry for the Nickel complex (II) is Square planner with dsp2 

hybridization, and finally the expected geometry for Gold complex (III) is Square 

planner with dsp2 hybridization [103], [98]. The magnetic sensitivity data of metallic 

complexes is shown in Table (3.7). 

3.7. Electronic Spectra  

      The solutions of complexes of transition elements are characterized by their 

bright colors because they contain functional groups called (Chromophore), so they 

show absorptions in the visible region of the spectrum, and other absorptions appear 
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in the near-infrared and ultraviolet regions, due to the containment of atoms or ions of 

elements on secondary (d) levels that are partially filled with electrons [104].  

3.7.1. Electronic Spectra of Free Ligand  

           The absorption spectrum of the ligand showed three bands. The first and second  

band at around 458 nm (21834cm-1 )and 398nm ( 25126cm-1) may be assigned to n - 

π* transitions  intermolecular transition charge transfer taking place through the azo 

group and azomethine group, while the third band observed at 326 nm( 30675cm-1) is 

attributed to   π - π* transitions of the π-systems of the azo group (N = N), (C = N) and 

allowed the transitions of the benzimidazol ring, respectively [105].  

3.7.2. Electronic spectra of Co(III)-Complex 

         The spectrum of Cobalt (III) complex showed three broad bands at 629 nm 

(15898 cm-1), and 319 nm (31348 cm-1), respectively which can be assigned to the d-

d transitions υ1= 1A1g → 1T2g(F),  υ2= 1A1g → 1T1g(F), While the band at 266 nm (37594 

cm-1)  is due to center ligand transition. [99], [100]. 

  3.7.3. Electronic spectra of Ni(II)-Complex 

            The electronic  absorption spectrum of Nickel(II) complex in ethanolic solution 

showed two bands at approximately 585 nm (16077.17 cm- 1), and 395 nm (25773.20 

cm-1), which can be attributed to the transitions  1A1g → 1A2g  and  1A1g → 1B1g  

transitions respectively. The bands observed at 269 nm (33557.05 cm- 1) due to center 

ligand transitions. These observations suggest a square-planar geometry for the Ni(II) 

complex [106], [107] .  
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3.7.4. Electronic spectra of Cu(II)-Complex  

        Copper(II) complex exhibited a single broad asymmetric band at around 637nm 

(15923.57 cm-1). The broadness of this peak is due to three electronic transitions; 2B1g 

→ 2A1g (dx2-y2 → dz2) (υ1), 
2B1g → 2B2g      (dx2-y2 → dyz) (υ2), and 2B1g → 2Eg(υ3) 

(Charge Transfer), as well as Jahn-teller distortion, which is resulting in a distorted 

octahedral complex. These results indicate that the Copper(II) ion has a distorted 

octahedral geometry [101], [102]. As shown in Figure (3.4). 

 

Figure 3.4: Electronic transitions of distorted (d9) octahedral complexes. 

3.7.5. Electronic spectra of Ag(I)-Complex  

       The silver Ag(I) complex do not exhibit any (d-d) transition bands due to 

electron saturation d10. The bands 587 nm (17035.78 cm-1), 397 nm (25188.92 cm-1), 

and 299 nm (33444.82 cm-1) could be attributed to the presence of a Charge Transfer 

dπ(Ag)+1 → π*(L)(C.T) and intra ligand, respectively [103], [98].  

3.7.6. Electronic spectra of Au (III)-Complex  

          The electronic spectrum of Au(III) complex exhibited four additional bands 598 

nm (16722.41 cm-1), 410 nm (24390.24 cm-1), 306 nm  (32679.74 cm-1) and 271 nm 

(36900.37 cm-1) attributed to the transitions  1A1g → 1A2g (υ1), 
1A1g → 1B1g(υ2), 

1A1g 
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→ 1Eg(υ3) and intraligand, respectively, of square planner geometry (Hybridization 

dsp2) [108]. We can suggest the possible structure of the metallic complexes, as 

illustrated in Figure (3.5), because the primary characteristics of all the spectral 

information of the metallic complexes form an integrated image. Table (3.7) provides 

the information collected from the synthetic compounds' electronic spectra. 

 

Table 3.7: Electronic spectra, magnetic measurements, geometric shapes and hybridization of metallic 

complexes with ligand at laboratory temperature. 

Compounds λmax 

(nm) 

Absorption  

Bands(cm-1) 

Assignment μeff (B.M) Suggested 

structure 

Hybridization 

5-

MTADMBI)) 

 

LH 

458 21834 n→π* …………. ……… ……… 

398 25126 n →π* 

326 30675 π →π* 

 

Co(III)-

Complex 

629 15898 1A1g→1T2g(F)(1)  

Dia 

Oh. (Regular) d2sp3    

 (Low spin)  319 31348 Intra ligand 

266 37594 Intra ligand 

 

 

Ni(II) -

Complex 

585 17094 1g2A 1g → 1A1  

Dia 

 

Square planner 

 

dsp2 395 2531 g1B1g → 1A1 

 

Cu(II)-

Complex 

637  15698 Eg2g→1B2 1.78 Octahedral 

(Distorted) (Z-in 

or  Z-out)  

sp3 

 

 

Ag(I)-

Complex  

587 17035.78 dπ(Ag)+1→ *(L)(C.T)  

Dia 

 

Tetrahedral 

 

 

sp3 

 
397 25188.92 Intra ligand 

299 33444.82  Intra ligand 

 

 

Au(III)-

Complex 

598 16722.41 1A1g→1A2g(υ1)  

Dia 

 

 

Square Planer 

 

 

dsp2 

 
410 24390.24 1A1g→1B1g(υ2) 

306 32679.74 1A1g→1Eg(υ3) 

271 36900.37 Intra ligand 
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Figure 3.5: UV-Vis spectrum of ligand (5-MTADMBI) and chelate complexes. 
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3.8. C.H.N.S Elemental Analysis  

        Heterocyclic azo-dye ligand and its solid metallic complexes prepared using the 

above technique were identified by calculating the ratio of the number of (C, H, N, and 

S) atoms in the prepared compounds [109]. The proportions of metallic elements in 

their complexes were also calculated using the flame atomic absorption technique, 

Table (3.8) includes the results of these analyses. The comparison of the values 

obtained practically with the values calculated theoretically, it was clearly observed 

that a great convergence between them was observed, which confirms and shows the 

accuracy of the molar ratios that were added from [metal: ligand], which supports the 

accuracy of the expected and proposed formulas for the prepared metal complexes 

[110].  

Table 3.8: (C.H.N.S) analysis, and some of the physical properties of (5-MTADMBI) ligand and the 

synthesized complexes. 

Mole 

ratio 

[M:L] 

Found% 

(Calculated) 

Molecular 

 Formula (M. wt)

(g/mole) 

Yield

% 

Compound 

 %S %N H% C% 

--- 11.91 

(11.82) 

26.11 

(25.81) 

5.98 

(4.79) 

58.14 

(57.54) 

C13H13N5S 

271.34 

85 MTADMBI-H  = 51L   

 

1:2 10.18 

(9.48) 

21.75 

(20.70) 

5.32 

(4.47) 

47.25 

(46.16) 

C26H32Cl3CoN10S2O 

730 

79 [Co(L)2Cl2]Cl.H2O 

1:1  8.21 

(7.96) 

18.09 

(17.38) 

4.68 

(3.75) 

40.12 

(38.75) 

C13H17Cl2N5NiSO 

420.95 

72 [Ni(L)1Cl2].H2O 

1:2 10.37 

(9.41) 

21.24 

(20.56) 

5.06 

(4.44) 

46.11 

(45.85) 

C26H32Cl2CuN10S2O 

699.16 

83 [Cu(L)2Cl2].H2O 

1:1 6.72 

(5.47) 

17.61 

(16.20) 

3.59 

(2.60) 

32.72 

(30.99) 

C13H17AgN7O2S 

475.24 

70 [Ag(L)1(H2O)(NO3)].

H2O 

1:1 5.41 

(4.22) 

11.81 

(10.55) 

2.55 

(2.01) 

26.34 

(24.51) 

C13H15AuCl3N5S 

594.67 

73 [Au(L)Cl2]Cl.H2O 
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3.9. 1HNMR Spectra 

3.9.1. 1H NMR spectrum of the ligand (L1H) 

          At room temperature, the azo dye ligand underwent detailed 1HNMR 

measurements utilizing a (Bruker 500 MHz) spectrometer utilizing DMSO-d6 as a 

solvent, with a standard reference sample of (TMS) [111]. In 1HNMR, the free-ligand 

spectra in Figure (3.6) displayed a singlet band at (δ = 11.73 ppm), which can be 

assigned to the protons of the (-NH-) imidazole molecule. At (δ = 2.19 and 6.90 ppm), 

the proton of the methyl and methine groups of the thiazole ring exhibited a singlet 

signal. Furthermore, the spectrum exhibited signal at (δ = 7.24 – 7.95 ppm) is lableed 

to the aromatic protons in the benzimidazole ring. A signal at (δ = 2.39-2.41 ppm) (s, 

solvent proton). At (δ = 2.27–2.37 ppm), the protons of the methyl group in the 

benzimidazole ring (C-(CH3) appeared as a singlet signal [94]. 

 

  Figure 3.6: 1HNMR Spectrum of azo dye ligand (5-MTADMBI) in (d6-DMSO) solvent.  
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3.9.2. 1HNMR spectra of Co(III)-Complex [Co(L2)Cl2]Cl.H2O 

          Nuclear magnetic resonance (NMR) utilizing (DMSO-d6) as a solvent for the 

Co(III)-complex and (TMS) as a standard reference, chemical shifts were utilized to 

determine the molecular structure. The 1HNMR spectrum of Co(III)-complex 

displayed a signal at (δ = 11.73 ppm) due to the presence of the (NH) group in the 

imidazole molecule, and the protons of the aromatic ring bonded to the imidazole ring 

visible at  (δ =6.63 – 7.31 ppm). The methyl group of the thiazole ring was found to 

have a signal at (δ = 1.05–2.06 ppm), whereas the methine group's proton was found 

at (δ = 5.20 ppm). The methyl groups of the (-C-(CH3) in the benzimidazole ring are 

what caused the singlet signal visible at (δ = 3.28-3.39 ppm). A singlet signal at (δ = 

2.39 ppm) (solvent proton) [112], as shown in Figure (3.7). 

 

Figure 3.7: 1HNMR spectrum of Cobalt complex in (DMSO-d6) solvent. 
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   3.10. 13C NMR Spectra  

3.10.1. 13C-NMR Spectrum of the Ligand (L1H) 

      The 13CNMR spectra of azo dye ligand has been examined, and signals 

showed up as a result of the inclusion of various carbon atom types [113]. Many 

chemical shifts were visible in the 13CNMR spectra 13C = (179.27, 161.76, 156.01, 

152.66, 150.57, 143.45, 125.52, 123.54, 55.44, 26.65, 16.06, 14.71, and 14.42 ppm) 

returned to the carbon atoms at the locations ( C2, C9,  C11,  C16, C13, C14, C12, 

C15, C4, C5, C6, C18, and  C19) respectively [114], 13CNMR spectra of the ligand (5-

MTADMBI) are presented in Figure (3.8) . 

 

Figure 3.8: 13CNMR spectrum of (L1H) ligand. 
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3.10.2. 13CNMR spectrum of [Co (L)2Cl2]Cl.H2O Complex 

         The 13C NMR of the Co(III)-Complex was investigated in Figure (3.9), and 

signals appeared due to the presence of different kinds of carbon atoms. The 13CNMR 

spectra showed multiple chemical shifts 13C = (170.80, 161.79, 156.06, 150.59, 

149.93, 140.37, 125.55, 117.79, 40.41, 26.66, 16.07, 14.43, and 11.65 ppm) returned 

to the carbon atoms at the locations (C2, C9, C11, C16, C13, C14, C12, C15, C4, C5, 

C6, C18, and C19) respectively [115]. The assignment of the 13CNMR spectra of the 

ligands (5-MTADMBI) and its Co(III)-complex are displayed  in Table(3.9). 

 

Figure 3.9: 13CNMR spectrum of Cobalt Complex. 
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Table 3.10: Assignment of the 13CNMR spectrum of the ligand (5-MTADMBI) and its Co(III)-

Complex.  

L1H = (5-MTADMBI) Co (III)- Complex 

Position Chemical shift (ppm) Position Chemical shift (ppm) 

C2 179.27 C2 =C21 170.80 

C9 161.76 C9 = C28 161.79 

C11 156.01 C11 =C30 156.06 

C16 152.66 C16 =C35 150.59 

C 13 150.57 C 13 =C32 149.93 

C14 143.45 C14 =C33 140.37 

C12 125.52 C12=C31 125.55 

C15 123.54 C15=C34 117.79 

C4 55.44 C4=C23 40.41 

C5 26.65 C5=C24 26.66 

C6 16.06 C6 = C25 16.07 

C18 14.71 C18= C38 14.43 

C19 14.42 C19= C39 11.65 

 

3.11. The Mass Spectra Analysis 

3.11.1. The Mass Spectra Analysis of Ligand and Ni (II)-Complex  

           Mass spectroscopy was used to confirm the ligand and it’s Ni (II)-Complex's 

structure. The mass spectra of the ligand's 2-[2’-(5- methylthiazolyl) azo]-5-,6-

dimethyl benzoimidazol and its Nickel (II)-complex displayed several peaks Figure 

(3.10) and (3.11). The novel azo dye ligand mass spectrum revealed a base peak at 

m/z+= 270.1, which was attributed to the ligand's initial molecular weight (271.34), 

[C13H13N5S]. The molecular formula of the complex (420.95), [C13H17Cl2N5NiSO], 

matches the molecular-peak of the Ni (II)-Complex that appeared at m/z+= 421.1 
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These data and the corresponding molecular formulas are in good agreement [30], 

[116].  

 

Figure 3.10: The mass fragmentation of (5-MTADMBI) ligand.  

 

Figure 3.11: The mass fragmentation of Nickel (II)- Complex.  
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3.12. Infrared Spectra  

            FTIR spectroscopy's purpose is to characterize compounds by determining the 

presence of functional groups. When the FTIR spectra of the ligand was contrasted to 

that of its metal complexes, it was seen that some bands shifted and new bands 

appeared while others stayed the same. This is proof that a complex was formed. FTIR 

data for the 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol ligand, as 

well as their metallic complexes, are detailed in Table (3.11) and shown in Figure 

(3.12). Using KBr, the vibrations of most moieties were visible in the range of 400- 

4000 cm-1 [117]. 

     In all the ligand 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol and 

their complexes with cobalt (III), nickel(II), copper(II), silver (I), and gold (III), the 

strong absorption broad bands obtained in the region (3095, 3124, 3203, 3134, 3146, 

and 3142) cm-1 are labeled to the (NH) stretching. The presence of (OH)aqua in the 

spectra for most complexes Co(III), Ni(II), Cu(II), and Au (III) has been suggested by 

the very broad absorption bands at (3212, 3363, 3335, and 3406) cm-1 and the absence 

of this band in the spectra of the free ligand and silver complex [118], [39].  

     A medium-broad band was seen in the spectra of the (5-MeTADMBI) ligand and 

complexes at (3030, 2970, 2974, 3080, 2966, and 3031) cm-1 due to (C-H) aromatic, 

although the bands at (2962, 2939, 2939, 2978, 2937, and 2922) cm-1 assigned to (C-

H) aliphatic, in that order [119]. There were also additional bands at (1477, 1498, 1502, 

1498, 1487, and 1452) cm-1 in the spectrum of the free ligand and its metallic 

complexes, which corresponded to the azo stretching modes (N=N), while the band at 

1708 cm-1 for 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol showed to 

be the molecule C=N for the azomethine group in the benzimidazole ring, proving the 
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presence of the ligand. This band disappeared in the spectra for the complexes when 

compared with the ligand spectrum.  

         The FTIR spectrum of the metallic complex exhibits new bands attributed to 

ʋ(M-Nazo), as listed in Table (3.11). The FT-IR spectra for metal complexes suggested 

that (5-MeTADMBI) can act as an N, N-bidentate ligand, chelating nitrogen from both 

(N=N) and (C=N) benzimidazole to form pentagonal chelating rings [120]. 

Table 3.11: FTIR spectrum of the (5-MTADMBI) ligand's and its metallic complexes. 

Au(III)-

Complex 

Ag(I)-

Complex 

Cu(II)-

Complex 

Ni(II)-

Complex 

Co(III)-

Complex 

LH =  

5-

MTADMBI 

Group 

*3406 

s.br. 

- *3335 s.br. *3363 

s.br. 

*3212 

s.br. 

- υ(H2O) 

3142 

m.br. 

3146 

m.br 

3134 s.br. 3203 

s.br. 

3124 s.br 3095 .w υ(NH)Benzimidazole 

 

3031 

s.br. 

3030m. 3080 s.br 3082 m. 3124 m. 3030 .m.br. (CH)Aromatic 

2922 

s.br. 

2937 m. 2978 s.br. 2939 m. 2939 m. 2962 .m.br. (CH)Aliphatic 

1653 m. 1683 m. 1653 m. 1653 m. 1653 m. 1708 w. (C=N)Benzimidazole 

 

1614 m. 1612 m. 1612 m. 1612 m. 1610 

m.br. 

1614 .m (C=N)Thiazole 

1452 s. 1487 m. 1498 s. 1502 m. 1498 s. 1477 s. (N=N) 

1307 w. 1307 w. 1307 w. 1307 w. 1307 m. 1305 s. (C=C) 

1249 m. 1263 m. 1265 m. 1267 m. 1263 s. 1271 s. (C-S) 

1122 w. 1134 m. 1207 m. 1203 m. 1203 m. 1159 m. (C-N) 

1024 m. 1082 w. 1082 w. 1147 w. 1085 w. 1026 m. (C-C) 

615 w. 611 m. 537 s. 505 m. 665 w. -  (M-N) 

S = strong, m = medium, w = weak, br = broad, sh = sharp, * = (H2O) outside of sphere 

coordination. 
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Figure 3.12: FTIR spectra of the (5-MeTADMBI) and its metallic complexes. 
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3.13. Thermal Study  

         Thermal stability analysis (TGA sample curve) is used to determine the thermal 

behavior of the 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol ligand 

and the corresponding (1-5) complexes between the temperature 40 to 900 °C at a rate 

of (20 °C/minute) in the nitrogenous environment [121]. As for the remaining 

materials that are likely to be formed after the completion of the thermogravimetric 

analysis process into the complexes under study, they are metal atoms, their oxides, 

and hydrocarbon residues .The thermogram of the ligand shown two degradation 

ranges, the first appeared approximately 41.17 to 410.98 °C including a mass loss of 

76.095%. The second degradation range appeared between 410.98 to 900 °C indicating 

a mass loss of 23.796%. The thorough degradation of the ligand, the gradient of DTG, 

there appeared a signal at 296.69 °C. TGA curves show the three-step degradation of 

the (1-5) complexes in the same range of temperature. Table (3.12), Figure (3.13), 

summarize thermal degradation information and illustrate a respective diagram of the 

TGA-DTG.  
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Table 3.12: Thermoanalytical finding (TG-DTG) of ligand (5-MTADMBI) and metal complexes. 

 TG range (0C) 

 

 

DTG max   (0C)  

      

% Estimated 

(Calculated) 

            Assignment 

Total mass loss 
 

5-MTADMBI 

 

40.17-  410.98 

410.98- 900 

 

296.69 

 

76.095 

23.796 

Evolution of  moisture and some 

other gases 

Loss Azo group  and di methyl 

amine group  

Loss CO2 and 2CH3   and  remains 

of ligand     

Co(III)-Complex  

39.99- 282.75 

282.75- 499.16 

499.16- 901.9 

 

167.95 

258.28 

335.44 

 

13.536 

33.213 

24.511 

Loss H2O molecule and loss of HCl 

gas 

Loss Azo group   and formation of  

Co2O3 

 

 

Ni(II)-Complex  

 

40.24- 242.29 

242.29- 500.66 

500.66-901.5 

 

142.92 

325.10 

 

16.117 

39.381 

12.969 

Evolution of  moisture 

Loss Azo group and di methyl 

amine group and Loss CO2  and 

2CH3     

Loss of residual ligand and 

formation of NiO  

 

Cu(II)-Complex 

 

40.36- 175.17 

175.17- 496.19 

496.19- 900 

 

124.48 

290.06 

 

5.967 

42.263 

18.213 

Loss of H2O    and some other gases  

Loss CO2 , Azo group   and 2CH3    

and OCH3 .  

Loss of residual ligand and 

formation of CuO . 

 

Ag(I)-Complex 

40.00- 298.15 

298.15- 450.91 

450.91- 900 

251.25 

393.59 

4.405 

16.138 

16.123 

Loss H2O molecule. 

Loss Azo group ,   Loss di methyl 

amine group and Loss CO2 , 2CH3      

and  Loss of  the phenyl ring     

Loss   thiazol  ring   and  formation 

of  1/2Ag2O.  

 

Au(III)-Complex 

 

40.00- 169.13 

169.13- 363.50 

363.50- 900 

 

134.52 

275.63 

716.28 

5.814 

20.959 

55.763 

Loss of H2O    and some other gases  

Loss CO2 , Azo group   and 2CH3    

and OCH3 .  

Loss of phenyl ring     ,  thiazol  ring  

and remains of ligand and  

1/2Au2O3 .  
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Figure 3.13: Thermal gravimetric analysis of (a) (5-MTADMBI) ,(b) Co (III)- Complex,(c) Ni(II)- 

Complex, (d) Cu(II)- Complex ,(e) Ag(I)- Complex ,and (f) Au(III)- Complex. 
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3.14. X-ray crystallography description of the synthesis 

compounds 

      The crystallographic information for all the compounds was anticipated by X-

ray crystallography. The X-ray diffractograms have been obtained for the 2-[2’-(5- 

methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol ligand and the respective (1-5) 

complexes. The measurement of the intensity of Cu Kα radiation diffraction was 

conducted within the range of 0° to 80° at 2Ѳ, using a wavelength of 1.54060 A0 and 

generator parameters of 40 mA/40 kV [122].  

       The findings exhibited some complexes their semicrystalline character Figure 

(3.14). Major refluxes were computed using Bragg's equation [103], and the d-

spacing values were determined through the application of the formula nλ = 2dsinθ, 

where d represents the lattice spacing, n is a whole number (01, 02, 03, etc.), λ 

denotes the wavelength of X-rays (CuKα = 1.540598Å), and Ѳ represents the 

inclination between incident radiation and the diffracted radiation.  The Debye-

Scherrer equation [123], was utilized to evaluate the mean crystallite size and the size 

distributions.  

       The formula for calculating the mean diameter (D) of a crystallite is expressed 

as D = kλ∕βCosθ. In this equation, k is the proportionality constant with a value of 

0.891, λ denotes the X-ray wavelength, ϴ represents the inclination between the 

incident radiation and the diffracted radiation, and β represents the total width of half 

of the greatest height (FWHM).The experimental average sizes were for (5-

MTADMBI) 41.09 nm, 36. 14 nm for Co(III), 62.29 nm for Ni(II), 49.33 nm for 

Cu(II),59.03nm for Ag(I),and 47.06nm for Au(III)  respectively. Based on the size 

of their crystallites, compounds are proven to have nanostructure characteristics 
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[124]. Table (3.13) represents the X-RD information of the created ligand and its (1-

5) complexes.   

 

Figure 3.14: XRD patterns for ligand (5-MTADMBI) and chelate complexes.  
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Table 3.13: Crystallographic data for (5-MTADMBI) and chelate complexes. 

15
DX10 

)2-lin m( 

(Lattice 
Strain) 

Crystallite 
Size. (nm) 

(FWHM) ) %°I/I) observed          d
(A°) 

 observed °2Ѳ No. Compound 

0. 486 0.0082 45.33 0.184  100 7.91228 11.174 1  
(5-MTADMBI) 

H1L   

 
S5N13H13C   

 

0.367 0.0069 52.15 0.16 22.13 7.60720 11.62 2 

0.973 0.0132 32.05 0.26 15.57 8.96193 9.86 3 

0.824 0.0089 34.83 0.24 8.49 6.56662 13.47 4 

0.309 0.0046 56.8 0.1476 100 5.50386 16.1040 1  
 
 

Co (III) 

complex  

0.0020 0.0059 21.98 0.3936 51.19 2.74332 32.6426 2 

0.509 0.0027 44.31 0.1968 32.76 2.51587 35.68840 3 

0.0048 0.0139 14.3 0.5904 23.21 4.22423 21.0312 4 

0.532 0.0037 43.33 0.1968 18.95 3.36978 26.4505 5 

2.050 0.0122 22.05 0. 38 100 5.70018 15.533 1  

 

 

 

 

Ni (II) 

complex 

0.301 0.0040 87.86 0.095 82.25 7.38631 11.972 2 

0.173 0.0047 75.85 0.11 44.42 7.62755 11.592 3 

0.571 0.0057 41.989 0.20 15.09 5.10862 17.345 4 

0.142 0.0033 83.729 0.10 14.75 5.88001 15.055 5 

0.435 0.0053 47.92 0.175 100 5.44695 16.260 1  

 

Cu (II) 

complex 

0.169 0.0025 76.88 0.11  86.86 4.02813 22.049 2 

0.698 0.0122 37.85 0.22 20.11 9.82549 8.99 3 

0.901 0.0125 33.33 0.25 16.38   8.87551 9.96 4 

0.388 0.0017 50.71 0.18 15.65   1.85245 49.14  5 

0.620 0.0064 40.13 0.208953 100 5.44646 16.261340 1  

 

Ag (I) 

complex  

0.203 0.0023 70.16 0.121369 90.07 3.45348 25.776470 2 

0.152 0.0023 80.93 0.104557 78.45 3.96887 22.382570 3 

0.193 0.0018 71.93 0.12 71.83 2.81258 31.79 4 

0.974 0.0144 32.03 0.26 65.52 9.78368 9.03 5 

0.606 0.0039 40.59 0.21 100 3.38556          26.303 1  

 

Au (III) 

complex 

0.461 0.0059 46.53 0.18 86.57   5.81127 15.234 2 

1.19 0.0042 28.97 0.30 61.53   2.61036           34.326 3 

0.192 0.0018 72.05 0.12 59.39   2.75580           32.463 4 

0.448 0.0036 47.2 0.18 45.73   3.61227           24.625 5 
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3.15. Field-Emission Scanning Electron Microscope Apparatus 

(FE-SEM) 

       Field-emission scanning electron microscopy (FE-SEM was corried out 

experiments, for azo dye Ligand and its chelate complexes along with the distribution, 

surface, and the generated morphology of particles and aggregations. The FE-SEM 

image of the ligand and its complexes has been illustrated in Figure (3.15). Particles 

size around 68.93 nm were haphazardly scattered over the irregularly broken ice rock 

structures exhibited by the ligand [18]. The Co(III)- Complex FE-SEM image showed 

the form of the hetero-geneous surface with an average size of 88.38 nm. The average 

size of the Ni (II)-Complex was 71.52 nm, and it appeared to be a hetero-geneous 

crystal. The Cu(II)-Complex's FE-SEM image appeared to be glass sheet crystals with 

an average size of 77.94 nm [125]. 

     In contrast, the Ag(I)- Complex's FE-SEM image appeared to have a uniform 

crystalline surface with an average particle size of 73.52 nm. At last, the Au(III)- 

Complex's FE-SEM study showed unevenly sized sheet crystals with an average size 

of 50.24 nm. The 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol and its 

chelates complexes show a wide range of FE-SEM micrographs due to the reason that 

metallic ions coordinate with ligand donor locations. Additionally, metal complex FE-

SEM pictures showed that changing the metallic ions changes the surface structure of 

metallic complexes. To understand ligands and complexes at the nanoscale, 

demonstrate that the created compounds' particles are less than 100 nm [98], [121]. 
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Figure 3.15: FESEM images of the (5-MTADMBI) and its metallic complexes 
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3.16. Suggested Structural Formula of Chelate Complexes 

          According to the information that was stated in the literature [126], [101] about 

the coordination sites available in the in the ligand and how they relate to different 

metal ions  by the analytical ,chemical and spectral data that were reached through 

the results of the evaluation measurements obtained from the molar ratios, magnetic 

measurements and molar electrical conductivity, as well as the results of the 1HNMR 

spectra, the 13CNMR spectra, the mass spectra, the ultraviolet-visible spectra (UV-

Vis), the finding obtained from the infrared spectra (FT-IR), the thermogravimetric 

decomposition technique (TGA) and DTG) that was conducted, we can conclude that 

azo ligand behaviour bidentate by the coordination process, and the coordination is 

via then N- atom of the benzoimidazol ring with the N- atom of the azo bridge group 

far from the thiazole ring to give two pentagonal chelating rings, which makes the 

formed metallic compounds more stable [127]. Figure (3.16) shows the proposed 

structure for the metallic complexes under study. 
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Figure 3.16: Possible geometry for (5-MTADMBI) and their metallic complexes. 
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3.17 Biological Activity    

3.17.1. Antibacterial action in vitro  

          The biological activity of the organic ligand and their metallic complex were 

evaluated versus the (G + ve) and (G -ve) bacteria Streptococcus and Escherichia 

coli, furthermore against the fungus Penicillium sp, utilizing the diffusion 

methodology in agar. DMSO was used to dissolve the chemicals in order to prepare 

the stock solution. Solutions have been added to the wells using a micropipette 

[128].The ligand showed great effectiveness versus the studied bacteria and fungi 

when compared to Ciprofloxacin and Cycloheximide, two common drugs.  

          Most tests show that the complexes have stronger biological activity than 

equivalent azo ligands. After 24 hours and 7 days, respectively, the dimensions of 

the inhibited zones for fungus and bacteria were assessed. By using the agar well 

diffusion method, every solution's concentration in DMSO solvent was 0.2 mg/mL. 

The chelation theory can explain metallic complexes' increased activity, by 

exchanging positive charges (+) with the donating atoms in the ligand, chelation 

reduces the polarity of the metallic ion and may lead to π-electron delocalization.  

         This phenomenon makes the metal chelates more lipophilic, which makes it 

easier for them to penetrate the lipoid layer of the bacterium and more efficiently 

destroy it [129].  Further factors which impact activity include solubility, 

conductivity, and the length of the bond between the metallic and the ligand. The 

results presented in Table (3.14) and Figure (3.17) show that the metallic complexes 

of Co (III), Ni (II), Cu (II), Ag (I) and Au (III) are strongly active against the chosen 

bacteria and fungus.  
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Table 3.14: Biological activity data for ligand and their metallic complexes with respect to inhibitory 

zone. 

Fungi Bacterial species  Compound 

Penicillium sp G -ve G + ve 

Escherichia coli Streptococcus aureus 

… +++ +++ Ciprofloxacin  

+++ … … Cycloheximide 

+ + ++ (5-MTADMBI ) 

+ ++ + O2]Cl.H2)1[Co(L 

… … … O2].H2)1[Ni(L 

… + + [Cu(L1)2].H2O 

… + … [Ag(L1)(H2O)].H2O 

… … … [Au(L1)Cl]Cl.H2O 

Highly active = + + + (inhibition zone > 20 mm) 

Moderately active = + + (inhibition zone 15-20 mm) 

Weakly active = + (inhibition zone 10-15 mm) 

Inactive = - (inhibition zone <10 mm) 

   

 

             Figure 3.17: Organic ligand (5-MTADMBI) and their complexes' in vitro antibacterial 

activity. 
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Figure 3.18: The inhibition zone for (5-MTADMBI) and their complexes with gram positive 

Bacteria (Streptococcus). 
 

 
Figure 3.19: The inhibition zone for (3) (5-MTADMBI), (a) (Co), (b) (Ni), (c) (Cu), (d) 

(Ag), (e) (Au) with gram negative Bacteria (Escherichia coli). 

 
 

  

 

 

 

 

 

 

 

 

 

 

Figure 3.20: The inhibition zone for (1) (5-MTADMBI), (2) (Co), (3) (Ni), (4) (Cu), (5) 

(Ag), (6) (Au) with fungi (Penicillium sp). 
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3.18. Assays for cytotoxicity using (MTT) 

      In this study, two types of cell lines were used: lung cancer cell line (A549), 

pancreas carcinoma cell line (TP-53), and normal cell line (HdFn) for comparison, in 

order to demonstrate their effectiveness on human body cells and the extent to which 

they can be used as cancer drugs. In detail, the effect of some of the prepared materials 

under study on cancer cells and on healthy cells of each type, as the test (MTT) was 

used for vital examinations of all cells by MTT assay after incubated for 24 hr at 37C◦. 

3.18.1. Cytotoxic activity of the (5-MTADMBI) ligand and Co(III)-

complex on A549 cell viability.  

       We have examined the cytotoxicity of the 2-[2’-(5- methylthiazolyl) azo]-5-,6-

dimethyl benzoimidazol ligand and its corresponding Co(III)-complex versus the lung 

Malignancy cell line (A549) and the healthy human dermal fibroblast cell (HdFn). The 

MTT test was employed to assess the cytotoxic study of the compounds after being 

incubated at 370C for 24 hr, using varying concentration ranges of 12.5, 25, 50, 100, 

and 200 µg/mL [130]. The results showed that at 200 μg/ml, the ligand’s inhibition 

cytotoxicity for tumor cells death was 83.52%, and the corresponding complex was 

slightly higher (90.10%) than the ligand whereas HdFn cells were unaffected at the 

same concentration.  

        The results suggest that the tested compounds exhibited the highest degree of 

inhibition when subjected to 200 μg/ml for a duration of 24 hours, whereas the 

minimum inhibition was observed when 12.5 μg/ml was used. The IC50 values for the 

ligand and the complex were determined to be 68.51 and 64.20 µg/mL, respectively, 
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against lung cancer cells. The ligand and the complex exhibited cytotoxic potential 

towards normal cells with an IC50 value of 76.85 and 83.40 µg/mL respectively.       

      Figures (3.21) and (3.22) illustrate the percentages of cell viability for the prepared 

ligand and the complex. The findings indicate the potential of utilizing the synthesized 

compounds as effective agents in the medical domain. The viability rate data acquired 

after treating A549 and HdFn cells for 24 hours with varying doses of the selected 

drugs is shown in Tables (3.15) and (3.16). 

Table 3.15: The cytotoxicity of (5-MTADMBI) was assessed on the A549 carcinoma cell line and the 

HdFn cell line following a 24-hour incubation period at 370C. 

LH =5-MTADMBI  

 

Concentration 

(μg/ml) 

Normal line cells  Cancer line cells  

HdFn A459 

% Cell 

Inhibition 

Cell Viability % Cell 

Inhibition 

Cell Viability 

Mean± SD Mean± SD 

11.05 88.95±0.81 83.52 16.472±1.13 200 

23.31 76.69±2.60 35.61 64.39±4.02 100 

15.67 84.33±2.66 21.605 78.395±0.75 50 

13.93 86.07±1.91 5.91 94.09±2.20 25 

4.784 95.216±0.82 5.131 94.869±1.39 12.5 

76.85 68.51 IC50 
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Table 3.16: The cytotoxicity of Co(III)-Complex was evaluated versus the HdFn cell line and the 

A549 cancer cell line following a 24-hour incubation period at 370C. 

Co-Complex  

 

Concentration 

(μg/ml) 

Normal line cells  Cancer line cells  

HdFn A459 

% Cell 

Inhibition 

Cell Viability % Cell 

Inhibition 

Cell Viability 

Mean± SD Mean± SD 

19.8 80.20±1.95 90.10 9.892±2.05 200 

27.36 72.64±3.1 46.57 53.43±7.95 100 

14.36 85.64±3.32 28.13 71.87±0.46 50 

5.83 94.17±0.77 15.51 84.49±0.6 25 

3.82 96.18±0.23 3.05 96.95±1.23 12.5 

83.4 64.20 IC50 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

  

Figure 3.21: IC50 for ligand (5-MTADMBI) in 

normal (HdFn) and (A549) cell lines 

cell line. 

Complex in -for Co(III) 50IC :22.3Figure 

normal (HdFn) and (A549) cell lines 

cell line. 
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3.18.2. Cytotoxic activity of the (5-MTADMBI) ligand and Ag (I)-

complex on TP-53 cell viability 

        Chemotherapy is the main approach for both metastasized and localized cancer 

[131]. We investigated the cytotoxic activity and mechanism of action of the 

synthesized 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol ligand with 

Ag(I)-Complex against pancreas carcinoma cell line (TP-53) and normal cells human  

(HdFn) by MTT assay after incubation for 24-hour at 370C and concentrations (12.5, 

25, 50, 100, and 200 g/mL). 

        The ligand 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol and Ag 

(I)-Complex inhibited cancer cells dead at a dosage of 100 μg/ml, with a cytotoxic 

activity of (72.34%) and (58.61%), whereas the   percentage inhibition of the normal 

cells (HdFn) at the same concentration was 28.85 % and 14.36%. Additionally, it can 

be deduced that dosages of 100 μg/ml inhibited all evaluated substances the most 

during a 24-hour incubation period, while quantities of 12.5 μg/ml inhibited the lowest. 

This concentration (IC50) destroys about 50% of the cells (IC50) of the ligand 2-[2’-(5- 

methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol ligand demonstrated selective 

cytotoxicity versus carcinoma cell lines of (TP-53 ) pancreas with IC50 = 11.92 μg/ml,  

whereas it was 76.85 μg/ml for healthy human cells (HdFn), the Ag (I)-complex was 

showed versus carcinoma cell line carcinoma pancreas cell lines (TP-53) with IC50 = 

32.02 μg/ml, while it was 69.93 μg/ml for healthy human cells(HdFn).  

         The findings indicate the possibility of using the prepared compounds as 

antitumor drugs in the field of medicine and pharmacy against pancreas cancer. Tables 

(3.17) and (3.18) demonstrate the IC50 values and viability rate values observed after 

treating TP-53 and HdFn cells for 24 hours at various doses of the chosen substances. 
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Figures (3.23) and (3.24) show the viability rates of TP-53 cells and HdFn cells 

obtained with the selected compounds. 

Table 3.17: The cytotoxicity of (5-MTADMBI) was assessed on the TP-53 carcinoma cell line and 

the HdFn cell line following a 24-hour incubation period at 370C. 

LH =5-MTADMBI  

 

Concentration 

(μg/ml) 

Normal line cells  Cancer line cells  

HdFn TP-53 

% Cell 

Inhibition 

Cell Viability % Cell 

Inhibition 

Cell Viability 

Mean± SD Mean± SD 

37.74 62.26±4.62 72.34 27.66±2.27 200 

34.03 65.97±1.10 60.88 39.12±3.15 100 

28.858 71.142±1.83 45.99 54.012±3.23 50 

13.696 86.304±3.74 35.31 64.69±4.71 25 

4.63 95.37±0.90 24.962 75.038±4.9 12.5 

76.85 11.92 IC50 

 

Table 3.18:  The cytotoxicity of Ag(I) -Complex was assessed versus the HdFn cell line and the 

TP-53 cancer cell line following a 24-hour incubation period at 370C. 

Ag-Complex  

 

Concentration 

(μg/ml) 

Normal line cells  Cancer line cells  

HdFn TP-53 

% Cell 

Inhibition 

Cell Viability % Cell 

Inhibition 

Cell Viability 

Mean± SD Mean± SD 

27.36 72.64±1.9 58.61 41.39±5.75 200 

19.80 80.20±3.11 48.19 51.81±0.40 100 

14.36 85.64±3.3 38.04 61.96±4.38 50 

5.83 94.17±0.77 26.80 73.2±2.71 25 

3.82 96.18±0.23 15.86 84.14±0.83 12.5 

69.93 32.02 IC50 
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Figure 3.23: IC50 for ligand (5-MTADMBI) in 

normal (HdFn) and (TP-53) cell lines 

(HUVEC) natural cell line 

Figure 3.24: IC50 for Ag(I)-Complex in normal 

(HdFn) and (TP-53) cell lines 
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4.0 Conclusion & Recommendation 

4.1. Conclusions 

         Based on the results of the spectral and analytical physicochemical studies for the ligand 2-

[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol and their complexes, some conclusions 

have been achieved that lead to establishing the following points: 

1. The molar ratio of [metal: ligand] is [1:2] for complexes of cobalt (III) and copper (II), while 

the molar ratio of [metal: ligand] is [1:1] for complexes of nickel (II), silver (I) and gold (III). 

These complexes also possessed a non-electrolytic character, a non-ionic character, except the 

metallic complexes of cobalt (III) and gold (III) ions, which had an electrolytic character. 

2. Through the results obtained from the study, it was found that the proposed structural formulas 

for the prepared metallic complexes, clearly for the ligand, the behavior of the bidentate ligands 

when coordinated with the metal ions to form two chelating rings through which increase the 

stability of the formed metal complexes. 

3. The thermogravimetric analysis of all the prepared compounds proved that they are not affected 

by moisture, light, or heat, with high melting points, indicating their high stability and thermal 

stability. 

4. The results of the FESEM analysis showed the homogeneity of the surfaces of some of the 

prepared compounds under study, as the ligand and some of its prepared metallic complexes 

showed a granular size of less than 100 nm, meaning that they are within the nanoscale range. 

These compounds have importance in the industrial and medical fields. 

5. The results of the X-ray diffraction analysis showed that ligand thiazolyl azo and its metallic 

complexes have varying crystalline systems in the crystalline and effects that ligand thiazolyl azo 
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and complex metals are the granular size of less than 100nm, which is within the nanoscale and at 

the same time enhances the results for the previous measurements of FESEM. 

6. A study of the biological activity of thiazolyl azo ligand and its prepared metal complexes 

showed their biological effect, with varying degrees, on two types of bacteria (Streptococcus, 

Escherichiai coli) and a kind of fungi (Penicillium sp,) that cause many common diseases. 

7. The toxicological examinations of some compounds conducted on human cells revealed the 

ligand 2-[2’-(5- methylthiazolyl) azo]-5-,6-dimethyl benzoimidazol and the copper(II) complex 

intenesty finding regarding on the growth of lung cancer cell lines (A549), and the silver(I) 

complex on the growth of pancreatic cancer cell lines (TP-53) and healthy cells (HdFn), these 

finding shed light on toxic effectiveness on the cells of the human body and the potential treat the 

cancers mentioned above, the thiazolyl azo ligand, and its metallic complexes under study showed 

a relatively high selectivity in killing cancer cells within the results obtained from the IC50, where 

we note the value of the IC50 for normal cells is more elevated, while the value of IC50 for cancer 

cell lines is less, and this is an essential result in this field of our research, this discovery hold 

promise for future to be used as a treatment for many types of cancers. 
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4.2. Recommendations 

       Based on the above, the following recommendations can be proposed: 

1. The possibility of using the thiazolyl azo ligand and its metal complexes is under study as 

inhibitors of different types of bacteria and fungi that cause many diseases and anti-cancer drugs 

and benefit from them in the medical and pharmaceutical fields. 

2. Through FESEM analysis, it became clear that some of the prepared compounds have a granular 

size within the nanoscale range, and this characteristic is good and can be used in several fields, 

including industrial and medical. Therefore, one of the essential things we recommend in the future 

is to expand the study of these ligands and their metal complexes prepared in the fields mentioned 

above. 

3. The prepared ligand under study can be used to prepare metal complexes with ions of other 

transitional or representative metallic elements as long as it can coordinate with these ions and be 

identified by the available analytical and spectroscopic means. 

4. Exploiting the color characteristic of solutions of compounds prepared in analytical chemistry 

for spectroscopic determination or to extract ions of the elements under study and other metal ions 

due to their ability to form colored metal complexes. 

5. The possibility of using thiazolyl azo ligand in dyeing exists because of its high stability towards 

light, heat, and moisture. 

6. The results of toxicity tests on cancerous and healthy cells by the MTT method for the 

compounds under study showed that the type and concentration of the compound used are two 

critical factors in determining the percentage of cell inhibition.
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 الخلاصة                                                                                                         

 
 

 الخلاصة

 التشممت  متجانس الحلقة غ   آزو ث ازول ل نوع من جديد ل كاند وتشممخ   تحضمم   الدراسممة   لقد تضممت          

 سمممل ممملة تحضممم   تم. ب زايت دازول مث ل داي- 5,6[ ازو( ث ازول ل مث ل-5)-2]-2ث ازول م ث ل-5-أم  و-2 من

قدات من ند الصممممممل ة الفلزية التع كا  Ag(I) و Cu(II) و Ni(II) و Co(III) الآيونات مع آزو الث ازول ل لل 

 و FTIR اءأط اف الأشممممعة تح  الحت اطةبواسممممتشممممخ   جت ع التعقدات الفلزية التحضمممم   تم  Au(III),و

وط ف   mass spectrometry ، ومط اف ة الكتلة CNMR13و HNMR1وط ف ال ن ن ال ووي التغ اط  مم 

ومط اف ة التجه    TGAوتق  ة التحلل الح اري الوزن   UV-Visible الت ئ ة -ال  ف ممممممج ةالاشممممممعة فو  

بالأضمممافة  لل التحل ل الد      XRDوح ود الاشمممعة ال ممم   ة FESEMالالكت ون  التاسمممي ف  التجال الت  ع 

  .(C.H.N.S)للع اص 

-2آزو  ل كاند الث ازول ل أن التحضمم  ، الفلزية للتعقدات التقت حة الت ك   ة الصمم   أن ال تائج لقد أظه ت       

 ال  ممم ة تحديد ث ائ ة ال مممن. ام تم ي ممملل سممملون ل كاند ب زايت دازول مث ل داي- 5,6[ ازو( ث ازول ل مث ل-5)-2]

الت  تت  دراسممممممتها ف  معقداتها Au(III) و Ag(I) و Cu(II) و Ni(II) و Co(III) الفلزات لأيونات التول ة

،  [فلز: ل كاند]  1:2 وكان  ب زايت دازول مث ل داي- 5,6[ ازو( ث ازول ل مث ل-5)-2]-2الت اسممممممق ة مع ل كاند 

 لأيونات التول ة ال  مم ة فإن التقابل، ف . ال ممطوح ثتان  هو التعقدات لهذه والتتو ع التقت ح الشممكل فإن وبالتال 

 داي- 5,6[ ازو( ث ازول ل مث ل-5)-2]-2 مع ل كاند[ فلز: ل كاند] 1:1 ه  Au(III)و Ag(I)و Ni(II) فلزات

س ة التقت حة فإن وبالتال ب زايت دازول  مث ل  Ag(I) أيون مع ال طوح رباع  هو التعقدات لهذه الاشكال اله د

 .Ni(II) Au(III) أيونات مع وم بع م توي

 ضممد والفط يات لل كت  يا التضمماد لل شمماط التخت   ف  الفلزية ومعقداته الجديد الآزو اخت ارل كاند تم وأخ  ا،     

 الفط يمممات من واحمممد ونوع (,Streptococcus aureuses  Escherichia coli) ال كت  يممما من نوع ن

(Penicillium sp) . 

 ال ئة) لت ض سممم طان الخلايا ال شممم ية علل التحضممم   الت ك ات بعض سمممت ة فحوصمممات تت  دراسمممة       

 سمممممم طان ة خلايا مع معاملته خلال من كدواء الت ك ات من ال وع هذا اسممممممتخدا   مكان ة ؛ لتع فة( وال  ك ياس

 علل Cu(II) ومعقد ل كاند الث ازول ل آزو تأث   تت  دراسة ح   تأث  ه، مدى لتع فة بش ية مصابة بال  طان

-TP) سممم طان ال  ك ياس  خلايا خطوط نمو علىAg(I)ومعقد  ، ،(A549) ال ئة سممم طان خلايا خطوط نتو

ها ال ممممممتى ة علل الخلايا ال شمممممم ية ومدى امكان ة  وملل لتع فة ،(HdFn) الط  ع ة والخلايا(53 مدى فعال ت

 ومعقداته الفلزية لل كاند عل ها الحصمممول تم الت  ال تائج ب ن ومن .أعلاه التذكور  ال ممم طانات اسمممتخدامها لعلا 

 مع مقارنة التوال ، علل ،(TP-53) وال  ك ياس ،(49A5) لل ئة ةال مممممم طان  الخلايا خطوط مع الدراسممممممة   د

بل وف  الط  ع ة، للخلايا بال  مممممم ة أعلل 50IC   تة أن نلاحظ الط  ع ة الخلايا لة ف  التقا  الخلايا خطوط حا

 .متتاز  نت جة وه  أ ل، 50IC   تة تكون ال  طان ة
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