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[bookmark: _Hlk507832872][bookmark: _Hlk507808594][bookmark: _Hlk507832944][bookmark: _Hlk512266061]In this work, the complex of cobalt(II), [Co(Phen)2(Ad)(Ac)]Cl2  was synthesized from 1,10-phenanthroline alone as well as from  1,10-phenanthroline , adenine and acetamide. The synthesis was checked using halide test, solublity test, molar conductance measurement, melting point measurment, and spectroscopic (ICP-OES, FT-IR, and UV-Vis) analysis and the results indicated that the cobalt ion coordinated to the ligands  give octahedral complex. The in vitro antibacterial activities were also investigated on two Gram-positive (Staphylococcus aureus (S. aureus) and  Streptococcus pyogens (S. pyogens) and two Gram-negative Escherichia coli (E.coli) and Klebsiella pneumoniae (K. pneumoniae)) bacteria. These complexes showed wide-range activities against even the most drug resistant Klebsiella pneumoniae. The percent activity index of [Co(Phen)2Ad(Ac)]Cl2 against S. aureus, S. pyogens,  E. coli and K. Pneumoniae by -32.33%, -38.71%, -13.99%, and -29.90%, respectively. 
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Antimicrobial resistance is fast becoming a global concern with rapid increases in multidrug-
resistant bacteria. Some previously treatable pathogens are now becoming untreatable[1].
To overcome the alarming problem of microbial resistance to antibiotics, the discovery of novel active compounds against new targets is a matter of urgency. Many of the crude drugs, which are sources of medicinal preparations, still originate from wild growing plant and animal material. However, plant and animal based drugs have shortened the life span of the source of material. So now a days, pharmaceutical industries are looking for synthesizing alternative compounds which act as drug.In the last few years so many studies have been done on the structure and chemical behavior of several metal complexes to find out an alternative against these drugs[2, 3].The effect of these complexes is usually relied up on the ease with which many metal complexes undergo ligand substitution and redox reactions. This is likely to mean that the active species are biotransformation products of the administered complex. Identification of these active species will lead to the more effective use of metal compounds as drugs [4-7]. Since the discovery of cisplatin, platinum derivatives have been widely investigated because of their great impact on cancer chemotherapy[8-13].  A range of such agents have entered into clinical practice, but unfortunately treatment efficacy is often overlapped by acquired and intrinsic drug resistance along with important side effects [14, 15].  To overcome such limitations, the search for new active metallo drugs has been substantially diversified by introducing various other transition metals and ligands of different clinical potential with the aim of developing alternative pharmaceuticals of high efficiency and reduced side-effects[16-28]. With in this context, there is growing interest in investigating transition metal complexes[29-40]. This is because the type of coordinated ligand and the geometrical orientation of the ligands are crucial factors in bestowing the binding site specificity and selectivity of a given metal complex.
[bookmark: _Hlk506543819]In this regard, mixed-ligand metal complexes were found to be particularly useful because of their potential to bind DNA via a multitude of interactions and to cleave the duplex by virtue of their intrinsic chemical and electrochemical reactivities[41-46]. A recent study on the incorporation of good intercalators containing aromatic rings such as 1,10-phenanthroline and found high affinity between DNA base pairs and their planar structure through stacking interaction[47-49]. 
Based on this, several evidences have appeared in literatures that are showing the attempts made to prevent the proliferation of pathogens by inhibiting the transcriptions or replication of certain sequence of the DNA[50]. One of the mechanisms is speculated to be by the stabilization of the complex by non covalent interaction between the ligands of the complex and the nucleobase pairs within the minor and major grooves of the DNA [51].  
[bookmark: _Hlk506544048][bookmark: _Hlk495042024]To meet the aformentioned objectives, a large number of reports on the synthesis of mixed-ligand complexes of cobalt(II) containing  phenanthroline  mixed  with  other  ligands and thier applications have appeared in the literature. These include-antibacterial activity of Co(II) mixed-ligand complexes containing amino acid(L-Valine) and (1,10-phenanthroline), Co(II) mixed-ligand complex containing 1,10-phenanthroline and 2,2’-bipyridine, antifungal
[bookmark: _Hlk496055547][bookmark: _Hlk496055571]activities of Co(II) mixed-ligand complexes containing 1,10-phenanthroline and 2,2`-bipyridine and Co(II) complex of benzothiazole bases have been reported [52-55]. Generally these compounds were screened for antimicrobial activity against the pathogen bacterial strains. However, we could not find any report that shows the synthesis and activities of mixed ligand complexes of Co(II) containing 1,10-phenanthroline,adenine and acetamide combined. Based on this gap we synthesized new complexes of Co(II) containing1,10-phenanthroline, adenine and acetamide in 1:1:1:2 ratio of Co(II):Adenine:Acetamide:Phenantroline respectivelly.The purpose of this investigation is to let adenine and acetamide get coordinated with the metal ion through their lewis basic nitrogen to form stable complexes. This composition of ligands in a complex as such, we believe, results both covalent and non covalent interactions between the base pairs of DNA and that inhibits its transcription and replication. 









[bookmark: _Toc516983732]1.1. Objective of the Study
[bookmark: _Toc516983733]1.1.1. General Objective
To synthesis and characterization  of new mixed ligand complexes of cobalt(II) containing 1,10-phenantroline, adenine and acetamide and to investigate the antibacterial activities of the starting materials and its complexes and compare with the comertially avaliable druges.
[bookmark: _Toc346797594][bookmark: _Toc392748740][bookmark: _Toc414365225][bookmark: _Toc498926965][bookmark: _Toc498943835][bookmark: _Toc501378908][bookmark: _Toc516983734][bookmark: _Hlk509844199]1.1.2.Specific Objective
· [bookmark: _Hlk498275082]To synthesis new mixed ligand complex of Co(II) with ligands 1,10-phenanthroline, adenine and acetamide
· To characterize the synthesized complexes by various physico-chemical techniques consequently propose the structures of the complexes.
· To study the antibacterial activities of the complexes.
[bookmark: _Toc392748741][bookmark: _Toc414365226][bookmark: _Toc498926966][bookmark: _Toc498943836][bookmark: _Toc501378909][bookmark: _Toc516983735]1.2. Significance of the Study
[bookmark: _Toc346797595][bookmark: _Toc392748742][bookmark: _Toc414365227][bookmark: _Toc498926967][bookmark: _Toc498943837]To overcome the alarming problem of microbial resistance to antibiotics, the discovery of novel active compounds against new targets is a matter of urgency. Based on this, pharmaceutical industries are looking for synthesizing alternative compounds to medicinal preparations still, originating from wild growing plants. However, plant based drugs have shortened the life span of the source. To alleviate these problems, synthesis and investigations of different metal complexes have been carried out and promising results are being found. The actions of these complexes against the microbes were reported to be via non covalent interactions with the DNA. This work furthers the previous attempts by synthesizing a new complexe with a new ligands and metal combination.Consequently, enhanced activity of the complexes against the microbes by covalent interactions in addition to the non-covalent interactions with the DNA is achieved.






[bookmark: _Toc516983736]2. Literature Review
[bookmark: _Toc516983737]2.1. Overview for the Chemistry of Ligands and their Complexes
[bookmark: _Toc515207937][bookmark: _Toc515460775][bookmark: _Toc516192800][bookmark: _Toc516935098][bookmark: _Toc516983738]The therapeutic and diagnostic properties of transition metal complexes which have attracted considerable attention leading to their application in many areas of modern medicine can be mentioned. In this regard,  they served as anticancer ana antinfection[56]. This functions have been  contineously improved by coordinating the metal ions with a variety of ligands forming  complexes. Generally ligands are Lewis bases that have lone pairs on nitrogen, oxygen, sulphur, etc and that bind with Lewis acids  transition metals. These Lewis bases (ligands) can be divided into unidentate, bidentate and polidentate types, according to whether one, two or more atom(s) is (are) respectively involved in such bonding. The N-donor ligands complex well with the smaller transition metal ions derived from Sc Te, V, Cr, Mn, Fe, Co, Ni and Cu. Ligands having two or more atoms which can serve as donors simultaneously are said to be polydentate ligand. polydentate of two or more donor sites to the same metal ion simultaneously are said to be chelating ligands. Mixed ligand complexes of transition metals are commonly found in biological systems. During recent years  metal  complexes  of  some  N-/O- donor ligands have attracted considerable attention  because  of  their greater antifungal and antibacterial activities than those of the parent ligands[57].
[bookmark: _Toc516983739]2.1.1. Chemistry of 1, 10-Phenanthroline and its Coordination Compounds
[bookmark: _Toc511546745][bookmark: _Hlk507718487]1,10-Phenanthroline is a tricyclic aromatic organic compound of the three fused benzene rings with a chemical formula C12H12N2O, has amolecular wieght 198.23 g/mol in monohydrated  form and  which is one of the great repeatedly used in inorganic chemistry as chelate ligand due to their high chemical stability, redox properties and their good coordination capability, since it is strong field bidentate ligands that coordinated with many first row transition metal ions using lone pairs of electrons via the nitrogen atoms in the 1 and 10 position[58].It  found high affinity between DNA base pairs and their planar structure through stacking interaction.



[bookmark: _Toc515463389]Scheme 1: The structure of Phenanthroline
Most 1,10-Phenanthroline metal complexes bind with DNA either through non-covalent interaction within base pairs or within major and minor grooves. Such non-covalent interactions also partly contribute to the stabilization of metal complex within DNA. For example the antibacterial activity of  mixed ligand complex Co(II) containing amino acid(L-Valine) and phenantroline was reported[75].

   
Scheme 2: The structure the synthesized [Co (Val)2(phen)]
[bookmark: _Toc516983740]2.1.2. Chemistry of Acetamide and its Coordination compounds
[bookmark: _Toc516983741][bookmark: _Toc511546747][bookmark: _Toc512430552][bookmark: _Toc513392725][bookmark: _Toc513511274][bookmark: _Toc513946271][bookmark: _Toc514052383][bookmark: _Toc515207940][bookmark: _Toc515460778][bookmark: _Toc516192803][bookmark: _Toc516935101][bookmark: _Toc516983742]Acetamide is an organic compound with the chemical formula CH₃CONH₂, has amolecular wieght 59.07 g/mol. The amide functionality is a common feature in the complexes, which associated with broad spectrum of biological activities including. In this regard acetamide is the simplest amide derivatives have become a research hot spot in the development of pesticides because of their high-efficiency active features and broad-spectrum bioactivities. As mentioned earlier, platinum-acetamide compounds are already used as anticancer drugs.The infrared absorption bands of acetamide-metal complexes have been much studied, since certain shifts from the values of acetamide alone have been taken as diagnostic of coordination to metal via oxygen or nitrogen. 
[bookmark: _Hlk517000751]An early report indicated that cobalt(I1) chloride dissolved in molten acetamide and was highly dissociated, but more recently a 1:6 complex was reported  (CoC12.6MeCONH2), made by direct reaction in benzene or  carbon tetrachloride, which was pink, and presumably octahedral, with a melting point of 58 OC. Other complexes have been suggested from interfacial tension measurements on  aqueous acetamide  solutions(CoC12.2MeCONH2  and  CoCl2.MeCONH2) but obviously water could also be coordinated[59].


[bookmark: _Toc515463390]Scheme 2: The structure of acetamide
[bookmark: _Toc516983743]2.1.3. Chemistry of Adenine and its Coordination Compounds
[bookmark: _Hlk507113370][bookmark: _Hlk510705674]Adenine is a molecule with a chemical formula C5H5N5 and has amolecular wieght 135.125 g/mol.It  is one of the two nucleobases(DNA and RNA)used in forming nucleotides of the nucleic acid structures. Adenine is a nucleobase (a purine derivative) with a variety of roles in biochemistry including cellular respiration and protein synthesis, as a chemical component of DNA and RNA[60]. Adenine is found in every plant and animal tissue; it is one of the four bases in DNAand is a constituent of numerous coenzymes [61].
Adenine and its derivatives form a large family of biological compounds offering a variety of hydrogen bonding functional groups. It has the capacity to form five hydrogen bonds with two hydrogen bond donors at C6, N9   positions and three hydrogen bond acceptors at N1, N3 and N7 positions. 
The interaction of Ru(phen)3 with adenine is reported that N7, N1 and N3 are three sites for interaction with Ru(phen)3 in adenine. The Ru metal of this complex does not directly coordinate with N3 and N1 of but the metal complex is stabilized near these regions through hydrogen bond. However, the Ru metal is found directly coordinate only with only N7 at optimum distance of 2.228 A, and the estimated interaction energy is found to be positive so the three sites of adenine may not be susceptible for coordination with Ru metal. Several studies on adenine complexes have shown that both N1 and N3 atoms are electronically favored coordination sites for the metals[62].


[bookmark: _Toc515463391]Scheme 3: The structure of adenine
[bookmark: _Toc511546749][bookmark: _Toc512430554][bookmark: _Toc513392727][bookmark: _Toc513511276][bookmark: _Toc513946273][bookmark: _Toc514052385][bookmark: _Toc515207942][bookmark: _Toc515460780][bookmark: _Toc516192805][bookmark: _Toc516935103][bookmark: _Toc516983744][bookmark: _Toc507815390][bookmark: _Toc511546750][bookmark: _Toc512430555][bookmark: _Toc513392728][bookmark: _Toc513511277][bookmark: _Toc513946274][bookmark: _Toc514052386][bookmark: _Toc515207943]It is  an organic compound which combined in many substances of biological inportance, including in the RNA it binds   to uracil,and  in  DNA structure consists of two strands that are paired or held together by hydrogen bonding between its bases. The base pairing of opposite strands is stereochemically selective, adenine always pairing with thymine.Two  hydrogen bonds are formed in A-T base pair, as shown in the scheme 4.
[image: ]
Adenine           Thymine

[bookmark: _Toc515463392]Scheme 4:    AT base pair demonstrating two intermolecular hydrogen bonds

DNA intercalation is a noncovalent interaction in which a molecule inserts between two adjacent DNA base pairs. However, a covalent interaction subsequently occurs, the molecule is free to move on and off the DNA in equilibrium controlled primarily by van der Waals forcescoupled with electrostatic (hydrogen bonding) interactions. 
The number, strength, position, and absolute stereochemistry of electrostatic interactions largely control the extent of the non-bonded intercalation process. Intercalation is thus used in host-guest chemistry for the reversible inclusion of a molecule between two other molecules (groups). The host molecules usually comprise some form of periodic network and a large class of molecules intercalates into DNA. These molecules are mostly polycyclic, aromatic, and planar, and therefore often make good nucleic acid stains. Intensively studied DNA intercalators include phenantroline, ethidium, proflavin, daunomycin, doxorubicin, thalidomide and quinoxalines. DNA intercalators are used in chemotherapeutic treatment of concern to inhibit DNA replication in rapidly growing cancer cells [63].
[image: ]

[bookmark: _Toc515463393]Scheme 5: DNA structural distortions induced by intercalation
Insertion of flat, planar molecules between base pairs of dsDNA leads to length increase. Left: unchanged DNA strand, Middle and right: DNA strand intercalated at base pairing locations (shaded areas).
The intercalation of metal complexes into DNA and direct binding of metals with DNA base pairs has been a major focus in the study of bioinorganic chemistry. The study of such interactions is important for the development of new antibacterial agents with novel and more efficient mechanisms of action is definitely an urgent medical need [64]. As we know that the stacking interaction depends on the charge transfer capability of phenantroline ligand and base pair. The stability of intercalated metal-phenantroline complex within base pair sequences may be either due to the stacking interaction with base pairs or perhaps depend on the conformational accessibility of ligand towards minor groove. 
The  stacking interaction of phen ligand with AT and GC base pairs may be different, there by produces AT or GC specificity during ligand intercalation.  For such molecules, comparison of results obtained from different theories may not particularly explain the stacking interactions perfectly[65]. To rationalize such issues, the phenantroline ligand, which is used in many potential metal-based anticancer drugs, has been taken up for assessing the stacking interaction with base pairs[51].
[image: ]

[bookmark: _Toc515463394]Scheme 6: Intercalation of phenantroline with base pair of DNA
In view of this, it is noteworthy to compare the stacking interaction between phenantroline ligand and base pairs of DNA. In the sense that the extent of stacking interaction of phenantroline ligand with AT and GC base pairs may be different, there by produces AT or GC specificity during ligand intercalation [66].
[image: ]
[bookmark: _Toc491263784][bookmark: _Toc494586668][bookmark: _Toc496770162](a) A-T                                                       (b) G-C
[bookmark: _Toc515463395]Scheme 7:  Most stable structures of stacked phenantroline with (a) AT; (b) GC

[bookmark: _Toc516983745]2.2. Chemistry of Cobalt and its Coordination Compoundes
[bookmark: _Hlk491137991]Cobalt was discovered in 1735 by the Swedish chemist Georg Brand. Cobalt is the 27th element of the Periodic table and the most common oxidation numbers of cobalt are +3 [Co(III)], and +2 [Co(II)] which form a number of organic and inorganic salts. The cobalt(III) state can be stabilized by a suitable ligand and cobalt(III) complexes are usually made by oxidizing a cobalt(II) salt in the presence of the stabilizing ligand. It is one of the metals acting as an essential trace element involved in the Centre of the vitamin B12(cobalamin, C63H88CoN14O14P). It contains a cobalt(III) ion and is necessary for the prevention of pernicious anemia, production of erythrocytes and the formation of red blood corpuscles, but it is involved in many other functions too.  Interest in cobalt complexes has also increased due to their therapeutic and biological applications [66].
[bookmark: _Toc516983746][bookmark: _Toc513946277][bookmark: _Toc514052389][bookmark: _Toc515207946][bookmark: _Toc515460783][bookmark: _Toc516192808][bookmark: _Toc516935106]2.2.1.  Electronic Structure of Cobalt(II) Complexes
Cobalt(II)complex(Co2+) has a d7 configuration and the ground state configuration in an octahedral ligand field is t2g5, eg2 in weak field or t2g6, eg1 in strong field. The ground term symbol of d7 Co(II) is 4F. In octahedrite Co(II) should have three spin-allowed -transitions, thus are 4T1g →4T2g(F), 4T1g →4A2g(F), and 4T1g →4T1g (P) expected.
[bookmark: _Toc516983747][bookmark: _Hlk506886939]2.1.6. Antimicrobial Applications of Cobalt(II) Complexes
[bookmark: _Toc511546752][bookmark: _Toc512430557][bookmark: _Toc513392730][bookmark: _Toc513511279][bookmark: _Toc513946279][bookmark: _Toc514052391][bookmark: _Toc515207948][bookmark: _Toc515460785][bookmark: _Toc516192810][bookmark: _Toc516935108][bookmark: _Toc516983748]Resistance of microorganisms to antibiotics is steadilly rising, in this regard synthesis of cobalt(II) complexes withthe antimicrobial properties  being the most studied, presumably due to their aqueous stability, availability, ease of synthesis and it has potentilly promising applications in the fight against every growing number of antimocrobial-resistant pathogenic microorganisms which pose a continuous threat to human and animal health[67-70].
[bookmark: _Toc511546753][bookmark: _Toc512430558][bookmark: _Toc513392731][bookmark: _Toc513511280][bookmark: _Toc513946280][bookmark: _Toc514052392][bookmark: _Toc515207949][bookmark: _Toc515460786][bookmark: _Toc516192811][bookmark: _Toc516935109][bookmark: _Toc516983749][bookmark: _Toc501378910]Based on this, a large number of reports on the synthesis of mixed-ligand complexes of Cobalt(II) containing  phenanthroline  mixed  with  other  ligands and thier applications have appeared in the literatures[71-75], that are showing the attempts made to prevent the proliferation of pathogens by inhibiting the transcriptions or replication of certain sequence of the DNA.
[bookmark: _Toc397069429][bookmark: _Toc397659909][bookmark: _Toc516983750]2.2. The Need of Synthesizing Mixed Ligand Complexes
It is well known that some drugs have greater activity when administered as metal complexes than as free organic compounds. Based on this, mixed-ligand metal complexes were found to be particularly useful because of their potential to bind DNA via a multitude of interactions and to cleave the duplex by virtue of their intrinsic chemical, electrochemical, and photochemical reactivities[44]. Moreover, it helps to modify the properties of certain molecules that serve as ligands by minimizing their toxicity and optimizing their antimicrobial activities in the one hand and increasing the activity of others from totally inactivity to active.
[bookmark: _Toc516983751]2.3. Modes of Antimicrobial Action
Antimicrobial agents are classified by their specific modes of action against bacterial cells. These agents may interfere with cell wall synthesis, inhibit protein synthesis, interfere with nucleic acid synthesis or inhibit a metabolic pathway 







[bookmark: _Toc516983752]2.3.1. General Mechanisms of Antimicrobial Resistance
There are a number of ways by which microorganisms are resistant to antimicrobial agents. These include: 
I. The bacteria produce enzymes that either destroy the antimicrobial agent before it reaches its target or modify the drug so that it no longer is recognized by the target; 
[bookmark: _Hlk517052535]II. The cell wall becomes impermeable to the antimicrobial agent; 
II. The target site is altered by mutation so that it no longer binds the antimicrobial agent
IV. The bacteria possess an efflux pump that expels the antimicrobial agent from the cell before it can reach its target














[bookmark: _Toc516983753]3. Materials and Methods
[bookmark: _Toc516983754]3.1. Materials
[bookmark: _Toc515460793][bookmark: _Toc516983755]3.1.1. Chemicals
[bookmark: _Toc516983756]I. Regents
[bookmark: _Toc507690884][bookmark: _Toc507815398][bookmark: _Toc511546761][bookmark: _Toc512430566][bookmark: _Toc513392739][bookmark: _Toc513511288][bookmark: _Toc513946290][bookmark: _Toc514052402][bookmark: _Toc515207958][bookmark: _Toc515460795][bookmark: _Toc516192819][bookmark: _Toc516935117][bookmark: _Toc516983757]The regents used were 1,10-phenanthroline monohydrate (BDH ChemicalLtd., Poole, England), acetamide, adenine (99%, ACROS), CoCl2.6H2O, silvernitrate (BLULUX Laboratories Ltd, India).
[bookmark: _Toc516983758]II. Solvents
[bookmark: _Toc515207960][bookmark: _Toc507690886][bookmark: _Toc507815400][bookmark: _Toc511546763][bookmark: _Toc512430568][bookmark: _Toc513392741][bookmark: _Toc513511290][bookmark: _Toc513946292][bookmark: _Toc514052404][bookmark: _Toc515460797][bookmark: _Toc516192821][bookmark: _Toc516935119][bookmark: _Toc516983759]The solvents used were distilled water, acetone, acetonitrile, chloroform, sulfuric acid(Sigma Aldrich), methanol (Hi Media Laboratories Ltd., India), KBr, dichloromethane, and Mueller Hinton agar (BLULUX Laboratories Ltd., India), andnitric acid (T.V. Industrial Estate, India).
[bookmark: _Toc516983760]3.1.2. Instrumentation and Methods
[bookmark: _Hlk516970252][bookmark: _Hlk516973012][bookmark: _Hlk516973453]The molar conductance was measured using 10−4 M solution of each complex in deionized water with JENWAY 4200 conductivity meter at room temperature. The electronic spectra were recorded in the 200-800 nm region on Sanyo SP65 UV/Vis spectrophotometer. IR spectra were recorded using KBr discs in the 4000–400 cm−1 region on AVATAR 330  FTIR, Thermo Nicolet spectrophotometer. Cobalt content was determined by PerkinElmer, Optima 8000 V HF Version ICP-OES spectrometer, digesting (1.9, 1.5 and 1.6 mg  of  the first precursor, second precursor and the final synthesized complex respectivelly in concentrated 2 mL sulfuric acid, 2 mL of conc.Perchloric acid and diluting them using distilled water. Melting points were determined using Stuart,SMP30, UK, digital melting point apparatus. Chloride ions were determined thermogravimetrically using the AgCl precipitate obtained from the mixture of 10 mL solution of (6.8, 23.2 mg and 23.4mg) of  the first precursor, second precursor and the final synthesized complex respectivelly in distilled water with excess AgNO3(27.1 mg, 4 mg, 18.6 mg) solution was added respectively, in each complex. Solublity was checked by taking approximately 1 mg of each complex  dissolved in 5 ml of different solvents such as water, methanol, chloroform, acetonitrile, dichloromethane, acetone and diethyl ether.
[bookmark: _Toc516983761][bookmark: _Toc498943841][bookmark: _Toc501378911]3.2. Synthesis
[bookmark: _Toc516983762][bookmark: _Hlk506637087][bookmark: _Hlk509147841]3.2.1. Synthesis of [Co(Phen)2(H2O)2]Cl2⋅H2O
[bookmark: _Hlk506876137]A methanolic solution of 1,10-phenanthroline (1.6763 gm, 2 mmol, 35 ml) was added from a dropping funnel to amethanol solution of CoCl2⋅6H2O (1.0061gm, 1 mmol, 35 ml) being stirred magnetically in water bath. The mixture was allowed to stir for 5 h at room temperature and dark-reddish homogeneous solution was obtained. The solvent was removed by using rotary evaporator. Dark-reddish powder was collected and washed three times with acetone to remove any unreacted 1,10-phenanthroline and dried and weighted.
Yield: 98.4%(2.261gm), Appearance: Poweder, Color: dark redish
[bookmark: _Hlk509148536][bookmark: _Hlk515461607][bookmark: _Hlk506636653]The general synthesis of [Co(Phen)2(H2O)2]Cl2⋅H2O shown in the scheme1 below









[bookmark: _Toc516983763][bookmark: _Hlk506637118][bookmark: _Hlk509148558]3.2.2. Synthesis of [Co(Phen)2(H2O) (Ad)]Cl2⋅H2O
An aqueous solution of adenine (0.2467 gm, 1.8 mmol, 35 ml) was added from a dropping funnel to an aqueous solution of [Co(Phen)2(H2O)2]Cl2⋅H2O (0.9942 gm, 1.8 mmol,35 ml) in 100 ml round bottom flask magnetically stirring for 5 h in oil bath at 60°C and reddish homogeneous solution was formed. Further the mixture was refluxed for 2 h at 60oC.  Then the solvent was removed by using rotary evaporator. 
[bookmark: _Hlk514771698]          Yield: 87.86%(1.0611 g), Appearance: Poweder, Color: Light-pink
[bookmark: _Toc515463397]The general synthesis of the [Co(Phen)2(H2O) Ad]Cl2⋅H2O shown in scheme 2 below


[bookmark: _Toc516983764]










[bookmark: _Hlk509149121][bookmark: _Hlk506637148]3.2.3. Synthesis of [Co(Phen)2Ad(Ac)]Cl2
[bookmark: _Hlk507250103]An aqueous solution of acetamide (0.06251 gm,1 mmol, 35 ml) was added from a dropping funnel to an aqueous solution of [Co(Phen)2(H2O) Ad]Cl2⋅H2O (0.7001gm,1 mmol, 35 ml) in 100 ml round bottom flask magnetically stirring for 4 h in water bath at room temperature and reddish-brown homogeneous solution was formed.  Furtherely, the mixture was refluxed for 2 h at RT. Then the solvent was removed by using rotary evaporator.
Yield: 89.27%(0.6466 gm), Appearance: Poweder, Color: Redish-brown  
The general synthesis of the target complex [Co(Phen)2 (Ad)(Ac)]Cl2 in scheme 3 below



Schem 10: Synthesis of [Co(phen)2(Ad)(Ac)]Cl2
[bookmark: _Toc516983765]




3.3. Physical Measurements
[bookmark: _Toc514052414][bookmark: _Toc516983766]3.3.1. Color and  Melting Point Determination
[bookmark: _Hlk507654546]Melting point of the metal complexes were determined using an apparatus Stuart, SMP30. One side opened capillary tube with approximately 1mg powdered precursor complex and two new powdered metal complexes along with thermometer in a test tube was introduced into the opened pores of the apparatus. The heat power was on and adjusted to read the temperature up to 390 0c. The value of the temperature was noted, when the metal complex was first get clear liquid solution or decomposed. Color of the metal complexes were determined by the visual observation.
[bookmark: _Hlk506635489][bookmark: _Toc516983767]3.3.2. Molar Conductance of the Metal Complexes
[bookmark: _Hlk515490980]The conductance measurements recorded for solutions of each metal complex in distilled water. First the conductivity meter was calibrated in distled water and the metal solutions were directlly taken and conductivity electrode was dipped in each solution and noted the reading of the conductivty meter. The result obtained was measured in micro semen. The molar conductance of the complex was calculated as  using the following formula: 
ΛM = 
Where:
ΛM - molar conductance (S cm2 mol-1)
                                            k-the specific conductivity(scm-1)
C- concentration of the complex (mol/L).
[bookmark: _Toc514052413][bookmark: _Toc516983768]3.3.3. Solubility Test
Approximately one milligram of the complexes was taken and mixed with 5 ml of different solvents such as water, methanol, chloroform, acetonitrile, dichloromethane(DCM), acetone and diethyl ether
[bookmark: _Toc516983769]3.3.4. Metal Determination
[bookmark: _Hlk509987779]For the metal estimation measurements, first the mass of each metal complex was degisted   in 2 mL of conc. Perchloric acid and 2 mL H2SO4 acid until all the organic portion of the complexes to be decomposed and diluted using distilled water in a 50-mL flask filled up to the mark. The instrument was first calibrated in black solution and the metal solutions were directlly taken into the instrument and noted the reading of the instrument. The result obtained was measured in miligram per liter. The experimental percentage composition of cobalt metal in complexes is determined using the following formula:
[bookmark: _Hlk514552524]Co (%) =  
           Where:
· C- Average concentration in mg/L
· VM- Volume of metal complex solution(L)
· m- Mass of the complex used in gram
· Co (%) - Percentage of cobalt in the complex
[bookmark: _Toc516983770]3.3.5. Qualitative Chloride Test
The qualitative chloride tests for the synthesized complexes were done using silver nitrate as a reagent to do so, small amounts of the complexes was dissolved in distilled water in separate small beaker. Then to each complex solution an aqueous solution of AgNO3 was added and white precipitate was formed and confirms the presence of chlorides in the outer spher of the complexes.
[bookmark: _Toc516983771]3.3.6. Quantitative Chloride Test
Chloride ions were determined thermogravimetrically using the AgCl precipitate obtained from the mixture of 10 mL solution of (6.8, 23.2 mg and 23.4 mg) of  the first precursor, second precursor and the final synthesized complex respectivelly in distilled water. To each solution of the complex an aqueous solution of excess AgNO3(27.1 mg, 4 mg, 18.6 mg) was added respectively, and a white precipitate was observed in all complex solutions. The formed white precipitate was filtered, dried and weighted the yield of white precipitate (AgCl) of each complex.
[bookmark: _Toc516983772]3.3.7. FT- IR Spectroscopy Study
The IR spectra of the compounds were recorded in KBr pellet in 400-4000 cm-1 range, to determine the coordination of the ligands with the metal ion and to identify the particular coordination site of the ligands.
[bookmark: _Toc516983773]3.3.8. UV-Vis Spectroscopy Study
The UV spectral data of all compoundes were obtained in the 200-800 nm region on Sanyo SP65 UV/Vis spectrophotometer by taking 10-4 M solution of each complex.
[bookmark: _Toc516983774]3.4. Antibacterial Activity Testing
The ligands and their metal complexes were evaluated for in vitro antibacterial activities against strains of the two Gram-negative bacterial strains such as Escherichia coli and Klebsiella pneumonia; two Gram-positive bacterial strains such as Staphylococcus aureus and Streptococcus pyogens bacteria.These bacteria was investigated using antimicrobial susceptibility testing method. However, theire are three known antimicrobial susceptibility testing methods (Disk diffusion, Tube dilution and Agar diffusion),among that  disk  diffusion  method  was used in this study.
[bookmark: _Hlk512312859]Disk-diffusion  assay  offers  many advantages over other methods: simplicity, low cost, the ability to test enormous numbers of microorganisms and antimicrobial agents[76].The culture media used was Muller Hinton Agar (MHA) because of its availability and appropriate cultivation of all the tested bacterium. Mueller-Hinton agar is prepared from a dehydrated base. In this method, activity of the test compounds was expressed or appreciated by measuring the diameter of zone of inhibition.  Generally, the more susceptible the organisms, the bigger the zone of inhibitions [77]. The plates were observed for zones of inhibition after 24 h,and incubation at 37 0C.
These tests were carried out in Micro Biology laboratory, Bahirdar-Ethiopia. These testes were done using the following procedures:
[bookmark: _Toc516983775]3.4.1.Preparation of Bacterial Pathogens
The overnight cultures of each bacterium was dispensed into 20 mL of sterile nutrient broth and incubated for about 24 h to standardize the culture. 






[bookmark: _Toc516983776]3.4.2. Media Preparation and Sterilization
Culture media(mueller Hinton) were prepared according to the manufacturer’s guideline(suspend 38gm in 1L of distilled water). Briefly, a mass of the culture medium was weighed and dissolved in distilled water. The mixture was stirred with a sterilized glass rod and tightly covered with an aluminum foil and then the culture medium was autoclaved for 15 min at 121 oC. After autoclaving, the agar was allowed to cool to 50 oC in order to maintain the media in a molten stage. Petri dishes were dried in lower humidity by keeping them in a laminar flow hood. The freshly prepared and cooled Muller-Hinton agar was spread at the surface of petri dishes [76].
[bookmark: _Toc516983777]3.4.3. Inoculation of test Plates
A small volume about 0.1 ml of the bacterial suspensions were inoculated onto the dried surface of Muller-Hinton agar plate and streaked(swabbed) by the sterile cotton swab over the entire sterile agar surface. This procedure was repeated by streaking two more times, rotating the plate approximately 60 each time to ensure an even distribution of inoculums and finally the rim of the agar was swabbed. The lid was left ajar for 3 to 15 minutes, to allow for any excess surface moisture to be absorbed before applying the samples on the respective well.
[bookmark: _Toc516983778]3.4.4. Sample Injection and Incubation
Anti-bactericidal activities of each reagents and synthesized complexes were evaluated by the dusic diffusion method. Agar were prepared by using a sterilized cork borer with 6 mm diameter, 4 mm deep and about 2.5 cm apart to minimize overlapping of zones[76]. 
[bookmark: _Hlk515428631][bookmark: _Hlk515428992]Then holes of 6 mm diameter were punched carefully using a sterile cork borer and using an adjustable micropipette, an aqueous solutions of CoCl2⋅H2O, a methanol solution of the ligand 1,10-phenantroline, the water solution of ligands adenine, acetamide, the precursor complexes [Co(phen)2(H2O)2]Cl2⋅H2O and [Co(Phen)2(H2O)Ad]Cl2⋅H2O, the target complex [Co(Phen)2Ad(Ac)] Cl2  and  methanol were carefully injected to the respective disc in triplicate. The reference antibiotic agent disc (Gentamicin) was dispensed via sterile pair of forceps onto the surface of the inoculated agar plate and pressed down to ensure complete contact with the agar surface. Samples, control and reference were allowed to diffuse for about 40 minutes before incubation and then the plates were incubated for 18-24 h at 37oC. Antimicrobial activity was evaluated by measuring the diameter of the inhibition zone (IZ) around the hole in mm by using ruler. The experiments were repeated three times to obtain consistent results and the results recorded as mean ± standard deviation of triplicated experiments. Compounds were considered as active when the IZ was greater than 6 mm [78].
[bookmark: _Toc516983779][bookmark: _Hlk517050335]3.4.5. Determination of Minimum Inhibitory Concentration (MIC)
Minimum inhibitory concentration is the lowest concentration that completely inhibited the growth of microorganisms for 24 h at 37 0c. The MIC against each bacterium was determined by preparing aqueous solutions of different concentrations of the complex (100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L, 500 mg/L and  600 mg/L).
Antibacterial activities were appreciated by measuring the growth inhibition zone against test organisms and the tested compounds activity index (%) were calculated using the formula;
* 100
                                     Where:
· A – Zone of inhibition of the test compound (average diameter)
· B – Zone of inhibition of standard compound (average diameter)
[bookmark: _Toc494682532][bookmark: _Toc498926977][bookmark: _Toc498943847][bookmark: _Toc499177945]










[bookmark: _Toc516983780]4. Results and Discussions
[bookmark: _Hlk506635673][bookmark: _Toc516983781][bookmark: _Hlk506691041][bookmark: _Hlk514848565]4.1. Physico-Chemical Characterization of the Complexes
[bookmark: _Toc516935136][bookmark: _Toc516983782][bookmark: _Toc515460815][bookmark: _Toc516192839][bookmark: _Toc515207985][bookmark: _Toc513392769][bookmark: _Toc513511318][bookmark: _Toc513946321][bookmark: _Toc514052433][bookmark: _Hlk503835380]The conductance measurements recorded for the solutions of each metal complex in distilled water are listed in Table 1. The data shows that all complexes are electrolytes. The lower conductance from the precursor complex to the final complex ([Co(Phen)2Ad(Ac)]Cl2< [Co(Phen)2(H2O)Ad]Cl2⋅H2O< [Co(Phen)2(H2O)2]Cl2⋅H2O) shows the consequence of increase in molar mass and the surface area. Hence, the speed of mobility of the ion decreases as a result of decrease in the kinetic energy imparted by the electric field from measurement instrument [78]. 
[bookmark: _Toc516935137][bookmark: _Toc516983783] During qualitative chloride test, the white precipitation(AgCl) confirms the presence of chloride ion in the outside of coordination sphere of the complexes. During quantitative chloride determination, the experimental values of chloride is good agrrment with the calculated values (Table 1) which confirms the achevments of the intended molecular structure of the complexes. The small gap between the calculated and experimental value of chloride content of complexes may be due to experimental or personal error.                            
[bookmark: _Toc516935138][bookmark: _Toc516983784][bookmark: _Toc513392770][bookmark: _Toc513511319][bookmark: _Toc513946322][bookmark: _Toc514052434][bookmark: _Toc514639794] Moreover, the metal content in each complex was determined by using ICP-OES, the experimental value of metal content obtained from the instrument good agreed with the calculated value (Table1) which also confirms for achievement of the proposed structure of the complexes. The small variation between calculated and experimental values can be attributed to the incomplete digestion of complexes. Another physical properties of the complexes like decomposition temprature of the synthesized complexes are different, which give clue for the synthesis of new complexes. Metal complexes are soluble in water, and methanol while insoluble in chloroform, dichloromethane, acetone and diethyl ether. Based on different physico-chemical properties, these complexes are non-hygroscopic or stable at room temperature. Generally, the physical properties of the complexes are summerized in Table 1 and Table 2 bellow.
[bookmark: _Toc515464413]Table1: Analytical data of the metal complexes
	[bookmark: _Toc515207987][bookmark: _Toc515460818][bookmark: _Toc516192841][bookmark: _Toc516935139][bookmark: _Toc516983785][bookmark: _Hlk514848871]Compounds (color, appereance)
	[bookmark: _Toc516192842][bookmark: _Toc516935140][bookmark: _Toc516983786][bookmark: _Toc515207988]M. wt
[bookmark: _Toc515207989][bookmark: _Toc515460820][bookmark: _Toc516192843][bookmark: _Toc516935141][bookmark: _Toc516983787](g/mol)
	[bookmark: _Toc515460821][bookmark: _Toc516192844][bookmark: _Toc516935142][bookmark: _Toc516983788]Solvent

	[bookmark: _Toc516935143][bookmark: _Toc516983789][bookmark: _Toc515207990][bookmark: _Toc515460822][bookmark: _Toc516192845]Molar Conductance
[bookmark: _Toc516935144][bookmark: _Toc516983790][bookmark: _Toc515207991][bookmark: _Toc515460823]ΛM(Scm2mol-1)
	[bookmark: _Toc515207992][bookmark: _Toc516935145][bookmark: _Toc516983791][bookmark: _Toc515207993][bookmark: _Toc515460825][bookmark: _Toc516192847]Decomposition temprature(°c)
	[bookmark: _Toc515460826][bookmark: _Toc516192848][bookmark: _Toc516935146][bookmark: _Toc516983792]Yield (%)

	[bookmark: _Toc515207994][bookmark: _Toc516192849][bookmark: _Toc516935147][bookmark: _Toc516983793][bookmark: _Toc515460827][bookmark: _Toc515207995]Cl%
[bookmark: _Toc516192850][bookmark: _Toc516935148][bookmark: _Toc516983794]Calculated(Experimental)
	[bookmark: _Toc515207996][bookmark: _Toc515460828][bookmark: _Toc516192851][bookmark: _Toc516935149][bookmark: _Toc516983795][bookmark: _Toc515207997]%Co
[bookmark: _Toc515460829][bookmark: _Toc516192852][bookmark: _Toc516935150][bookmark: _Toc516983796]Calculated(Experimental)

	[bookmark: _Toc515207998][bookmark: _Toc515460830][bookmark: _Toc516192853][bookmark: _Toc516935151][bookmark: _Toc516983797][Co(Phen)2(H2O)2]Cl2⋅H2O(dark-redish, powder)
	[bookmark: _Toc515460831][bookmark: _Toc516192854][bookmark: _Toc516935152][bookmark: _Toc516983798][bookmark: _Toc515207999]544.41

	[bookmark: _Toc515460832][bookmark: _Toc516192855][bookmark: _Toc516935153][bookmark: _Toc516983799]Water

	[bookmark: _Toc515208000][bookmark: _Toc515460833][bookmark: _Toc516192856][bookmark: _Toc516935154][bookmark: _Toc516983800]368.64

	[bookmark: _Toc515208001][bookmark: _Toc515460834][bookmark: _Toc516192857][bookmark: _Toc516935155][bookmark: _Toc516983801]>390
	[bookmark: _Toc515460835][bookmark: _Toc516192858][bookmark: _Toc516935156][bookmark: _Toc516983802]98.4
	[bookmark: _Toc515208002][bookmark: _Toc515460836][bookmark: _Toc516192859][bookmark: _Toc516935157][bookmark: _Toc516983803]13.04(12.35)
	[bookmark: _Toc515208003][bookmark: _Toc515460837][bookmark: _Toc516192860][bookmark: _Toc516935158][bookmark: _Toc516983804]10.82(10.16)

	[bookmark: _Toc515208004][bookmark: _Toc515460838][bookmark: _Toc516192861][bookmark: _Toc516935159][bookmark: _Toc516983805][bookmark: _Hlk515430121][Co(Phen)2(H2O)Ad]Cl2⋅H2O(light-pink, powder)

	[bookmark: _Toc515208005][bookmark: _Toc515460839][bookmark: _Toc516192862][bookmark: _Toc516935160][bookmark: _Toc516983806]661.535
	[bookmark: _Toc515460840][bookmark: _Toc516192863][bookmark: _Toc516935161][bookmark: _Toc516983807]Water
	[bookmark: _Toc515208006][bookmark: _Toc515460841][bookmark: _Toc516192864][bookmark: _Toc516935162][bookmark: _Toc516983808]325.44

	[bookmark: _Toc515208007][bookmark: _Toc515460842][bookmark: _Toc516192865][bookmark: _Toc516935163][bookmark: _Toc516983809]>298.8
	[bookmark: _Toc515460843][bookmark: _Toc516192866][bookmark: _Toc516935164][bookmark: _Toc516983810]87.9
	[bookmark: _Toc515208008][bookmark: _Toc515460844][bookmark: _Toc516192867][bookmark: _Toc516935165][bookmark: _Toc516983811]10.69(10.24 )
	[bookmark: _Toc515208009][bookmark: _Toc515460845][bookmark: _Toc516192868][bookmark: _Toc516935166][bookmark: _Toc516983812]8.91(8.40)

	[bookmark: _Toc515208010][bookmark: _Toc515460846][bookmark: _Toc516192869][bookmark: _Toc516935167][bookmark: _Toc516983813][Co(phen)2(Ad)Ac]Cl2(redish-brown, powder)
	[bookmark: _Toc515208011][bookmark: _Toc515460847][bookmark: _Toc516192870][bookmark: _Toc516935168][bookmark: _Toc516983814]684.605
	[bookmark: _Toc515460848][bookmark: _Toc516192871][bookmark: _Toc516935169][bookmark: _Toc516983815]Water
	[bookmark: _Toc515208012][bookmark: _Toc515460849][bookmark: _Toc516192872][bookmark: _Toc516935170][bookmark: _Toc516983816]300.48
	[bookmark: _Toc515208013][bookmark: _Toc515460850][bookmark: _Toc516192873][bookmark: _Toc516935171][bookmark: _Toc516983817]>188
	[bookmark: _Toc515460851][bookmark: _Toc516192874][bookmark: _Toc516935172][bookmark: _Toc516983818]89.3
	[bookmark: _Toc515208014][bookmark: _Toc515460852][bookmark: _Toc516192875][bookmark: _Toc516935173][bookmark: _Toc516983819]10.37(10.07)
	[bookmark: _Toc515208015][bookmark: _Toc515460853][bookmark: _Toc516192876][bookmark: _Toc516935174][bookmark: _Toc516983820]8.61(8.37)


[bookmark: _Toc505180350][bookmark: _Toc505764181][bookmark: _Hlk505096257]
[bookmark: _Toc513511329][bookmark: _Toc513946332][bookmark: _Toc514783133]
[bookmark: _Toc515464414]Table 2: The solubility of complexes in different solvents
	Complexes
	Solvents

	
	
	Water
	Methanol
	DCM
	Acetone
	Chloroform

	[Co(Phen)2(H2O)2]Cl2⋅H2O
	
	Soluble
	Soluble
	Insoluble
	Insoluble
	Insoluble

	[Co(Phen)2(H2O)Ad]Cl2⋅H2O
	
	Soluble
	Soluble
	Insoluble
	Insoluble
	Insoluble

	[Co(Phen)2Ad(Ac)]Cl2
	
	Soluble
	Soluble
	Insoluble
	Insoluble
	Insoluble


[bookmark: _Toc505180356][bookmark: _Toc505764187][bookmark: _Hlk506685264][bookmark: _Toc505180355]
[bookmark: _Toc516983821]4.2. FT-IR Spectroscopy
[bookmark: _Toc515460855][bookmark: _Toc515208017][bookmark: _Toc516192878][bookmark: _Hlk515195229][bookmark: _Hlk516939162][bookmark: _Hlk516939213]The IR spectroscopy provide valuable information as to whether or not reaction has occurred. The infrared spectra of the ligands and the complexes are summerized in( Figure 1-6) and selected characteristic frequencies are indicated in (Table 3). The bands at 1621 cm−1(s) and 1588 cm−1(s), characteristic for ν(C=C) and ν(C=N) stretching in the free 1,10-phenanthroline monohydrate (Figure 1). Upon coordination of 1,10-phenanthroline to the metal salt those bands are shifted into 1622 cm−1(m) and 1576 cm−1(m), respectively, in [Co(Phen)2(H2O)2]Cl2⋅H2O
[bookmark: _Hlk515167161][bookmark: _Hlk515162404](Figure 4). They also appeared at 1670 cm−1(m) and 1518 cm−1(m), respectively, in [Co(phen)2(Ad)(H2O)]Cl2⋅H2O (Figure 5). In the same fashion appeared at 1616 cm−1(s) and 1518 cm−1(m) respectivelly, in [Co(phen)2(Ad)(Ac)]Cl2 (Figure 6). 
The characteristic bands of adenine appeared at 3295 cm−1(m) ν(NH)(NH), 3121 cm−1(s) ν(NH)
[bookmark: _Hlk516940134][bookmark: _Hlk516997412](NH2) and 1589 cm−1(s)ν(C=N)(Figur 2). Upon coordination of adenine with [Co(Phen)2(H2O)2]Cl2⋅H2O the bands are shifted to the lower frequency of 3104, 3048 cm−1(w) and 1518 cm−1(w) respectively, in [Co(phen)2(Ad)(H2O)]Cl2⋅H2O(Figure 5). The characteristic bands of acetamide ligand  appeared at  3202 cm−1   ν(NH)(NH2) and 1676 cm−1(s) ν(C=O)(Figure 3), upon coordination of acetamide with [Co(phen)2(Ad)(H2O)]Cl2⋅H2O those bands are shifted to 3171 cm−1 and 1668 cm−1(s) respectively, in [Co(phen)2(Ad)(Ac)]Cl2 (Figure 6).The band due to carbonyl was found not shifted much in [Co(phen)2(Ad)(Ac)]Cl2, probably C=O is not the coordination site to the metal ion. The changes in  absorption frequencies suggest  that 1,10‑phenanthroline, adenine and acetamide are coordinated with the metal center.
[bookmark: _Toc515460856][bookmark: _Hlk515509846][bookmark: _Hlk516939281]The strong band ppeared at 3437 cm−1 due to ν(O‑H)(H2O) streching in the free 1,10‑phenanthroline monohydrate ligand(Figures 1). Upon coordination of  monohydrate 1,10‑phenanthroline to Co2+, the characteristic broad bands appeared at 3490‑3320 cm−1 and 3210 cm−1  which  are indicats that the presence of coordinated and water of crystaliyzation of  ν(OH)(H2O)  streching in[Co(Phen)2(H2O)2]Cl2⋅H2O, respectively (Figures 4). Another broad band streaching frequency appeared at the range from 3427‑3304 cm−1due toν(O‑H)(H2O) streching of coordinated and water of crystaliyzation in[Co(phen)2(Ad)(H2O)]Cl2⋅H2O. Howeve,it shifted into the lower stretching frequency of 3317 cm‑1 in[Co(phen)2(Ad)(Ac)]Cl2 complex. 




The change shows that the disaperianc O-H of water molecule  and furtherely, shifted the apreance of ν(N-H) streaching of adenine. On the other hand, the change in the absorption frequency of water explains the change in the nature of its interaction. Moreover, the change in the intensity may explain the change in the relative amount of water molecules in 1,10-phenanthroline monohydrate and the complexes. The  absorpition band observed  at 480-586 cm-1 and 540-630 cm−1 indicates that bonding of Co-N and Co-O respectivelly, in the complexes.

[bookmark: _Toc515464415]Table 3: Important characteristic FT-IR bands of the ligands and complexes

	Compounds
	IR spectra (cm-1)

	
	[bookmark: _Hlk515287321]ν(O-H)
	ν(N-H)
	ν(NH2)
	ν(C-H)
	v(C=C)
	 ν(C=N)
	ν(C=O)
	ν(C-N)
	ν(Co-O)
	ν(Co-N)

	Adenine
	  −
	3295(w)
	3121(s)
	2977(w)
	1665(s)
	1589(s)
	−
	1419(m)
	−
	−

	Acetamide
	  −
	−
	3233-3156(b)
	2813(w)
	  −
	−
	1676(s)
	1389(m)
	−
	−

	1,10-phenantroline monohdrate
	3437(s)
	 −
	−
	3037(w)
	1621(s)
	1588(s)
	−
	1346(w)
	−
	−

	[Co(Phen)2(H2O)2]Cl2⋅H2O
	3490-3180(b)
	 −
	−
	3052(w)
	1622(s)
	1576(m)
	−
	1336(w)
	540-630
	480-510

	[Co(Phen)2(H2O)(Ad)]Cl2⋅H2O
	3427-3304(b)
	3104(w)
	3048(w)
	2992(w)
	1670 (s)
	1518(s)
	−
	1329(w)
	565
	537

	[Co(Phen)2(Ad)(Ac)]Cl2
	−
	3317 
	3171(b)
	3053(w)
	1616(s)
	1518(m)
	1668(s)
	1303(w)
	−
	576


b = broad, w = weak ,m = medium and s = strong



[bookmark: _Toc516988503]Figure 1: IR-spectra of free ligand 1,10-Phenantroline monohydrate
[bookmark: _Hlk511575103]




	


[bookmark: _Toc516988504]Figure 2: IR-spectra of adenine ligand



Figure 3: IR-spectra of the free ligand acetamide





Figure 4: IR-spectra of the first precursor [Co(phen)2(H2O)2] Cl2⋅H2O


Figure 5:IR-spectra of the second precursor [Co(phen)2(Ad)(H2O)] Cl2⋅H2O













Figure 6: IR-spectra of new synthesized [Co(phen)2(Ad)(Ac)] Cl2











[bookmark: _Toc516983823]4.3.  UV-Visible Spectroscopy
The electronic spectra of the ligand and the complexes are displayed in Figure 7-13 and Table 4. The coordination of the ligands to the metal is demonstrated by the shifts in the maximum absorption wavelengths corresponding to ligand centered π→π*, n→π* as well as metal centered energy states 4T1g →4T2g(F), 4T1g →4A2g(F), and 4T1g →4T1g (P) transitions.
The characteristic bands of the ligand (phenantroline) showed two sharp peaks at 229 nm,  263 nm assigned to π→π*(C=C) and n→π*(C=N) electronic transitions (Figure 9), up on coordination with the metal center, shifted into the broad peaks at 226 nm and 268 nm respectively and new band formed at 202nm in [Co(Phen)2(H2O)2]Cl2⋅H2O (Figure 11).Those shifts are confirms that phenenantroline ligand was coordinated to the cobalt center. Similarly, the two intens sharp peaks of adenine at 207 nm and 257 nm assigned to π→π*(C=C), and n→π*(C=N)  transitions respectively (Figure 8), they also appeared at 203 nm, 223 nm and 270 nm  respectively, in [Co(phen)2(Ad)(H2O)]Cl2⋅H2O(Figure 12). The former two bands are attributed to the intra ligand π→π*(C=C) and n→π*(C=N) transitions and the later one is attributed to ligand to metal charge transfer.
Another ligand (acetamide), two characteristic broad bands appeared at 261 nm, and 280 nm are assingned to π–π* and n →π*(C=O) transitions respectively(Figure 10), these bands are shifted into the shorter wavelength at, 225 and 271 nm respectively and the formation of new band at 201 nm in [Co(phen)2(Ad)(Ac)]Cl2 (Figure 13). These bands are attributed to metal to ligand charge transfer π→π*(C=C) and n→π*(C=N) transitions, which resulted increasing bond energy due to bond multiplicity. 
[bookmark: _Hlk515772114]According to the Tanabe–Sugano diagram for low spin d7 configuration of an octahedral Co(II) complexes, three appsorpition bands are expected, which corresponds to the three spin allowed transitions are 4T1g→4T2g(F), 4T1g→4A2g(F), and 4T1g→4T1g(P)[79]. Hence the‎ Co(II) ‎complex‎es  exhibited bands around at 748, 655 and 504 nm for [Co(Phen)2(H2O)2]Cl2⋅H2O, 750, 694 and 607 nm for [Co(phen)2(Ad)(H2O)]Cl2⋅H2O and at 752, 658 and 487 nm for [Co(phen)2(Ad)(Ac)]Cl2 complex.  These transitions could be attributed to the 4T1g→4T2g(F), 4T1g →4A2g(F), and 4T1g→4T1g (P) transitions respectively and they correspond for Co(II) to  octahedral. The complexes exhibited simple characteristic d‑d transitions. The difference in the band position for d‑d transition absorption of metal salt and the complexes may be explained by assuming 
different environments around the metal ion. 
[bookmark: _Hlk512657692][bookmark: _Hlk507779182]
[bookmark: _Toc515464416][bookmark: _Hlk515002606]Table 4: Electronic spectral data of the studied ligands and theire complexes
	Compounds                                 Solvents
	λmax(nm)
	     Assignments

	CoCl2⋅6H2O                                  Methanol
	237,330,428     

	CT, d-dtransition(4T1g→4T2g)

	1,10-Phenantroline                       Methanol
	229 
263
	π–π*(C=C)
n →π*(C=N

	Adenine                                         Water
	207
257
	π–π*(C=C)
n →π*(C=N)

	Acetamide                                     Water
	262,280
	π–π*(C=O)
n →π*(C=O)

	[Co(Phen)2(H2O)2]Cl2⋅H2O         Water
	201
226
268
748, 655 and 504 
	π–π*(C=C)
π–π*(C=N)
n →π*(C=N)
4T1g→4T2g,4T1g→4A2gand 4T1g→4T1g
, 

	[Co(Phen)2(Ad) (H2O)]Cl2⋅H2O    Water
	203
223
270
750, 694 and 607 
	π–π*(C=C)
π–π*(C=N) 
 n →π*(C=N)
4T1g →4T2g, 4T1g→4A2g and 4T1g →4T1g

	[Co(Phen)2(Ad) (Ac)]Cl2             Water 
	201
224
271
752, 658 and 487 
	π–π*(C=C)
π–π*(C=O)
π–π*(C=N)
4T1g→4T2g, 4T1g→4A2g and 4T1g →4T1g










[bookmark: _Toc516988509]Figure 7: UV- Vis absorption spectrum of the CoCl2⋅6H2O




Figure 8: UV-Vis absorption spectrum of the adenine










Figure 9 : UV-Vis absorption spectrum of 1,10-phenantroline monohydrate

[bookmark: _Toc514660545]Figure 10: UV-Vis absorption spectrum of free ligand acetamide



[bookmark: _Toc516988513][bookmark: _Toc514660546]Figure 11: (A). UV-Vis absorption spectra of [Co(Phen)2(H2O)2]Cl2⋅H2O  and ( B) Expanded specta of (A)  in distled water


[bookmark: _Toc514660547][bookmark: _Hlk512678023]Figure 12: (A).UV-Vis absorption spectra of [Co(Phen)2(H2O)(Ad)]Cl2⋅H2O and( B) Expanded specta of (A)  in distled water


Figure 13:(A). UV-Vis absorption spectra of [Co(Phen)2(Ad)(Ac)]Cl2  and ( B) Expanded specta of (A)  

[bookmark: _Toc516983824][bookmark: _Toc397379351][bookmark: _Toc513392834][bookmark: _Toc513511383][bookmark: _Toc513946386][bookmark: _Toc514783137]4.4. Antibacterial Activity Testing
[bookmark: _Hlk516716488]The results of the antimicrobial activity of the test compounds with a reference antibiotic(gentamicin) against four bacteria are listed in Table 5, Figure 14 and histogram shown in Figur 15. The commercial antibiotic drug( gentamicin) exhibited high activities with inhibition zones ranging from 19.3±0.6 mm to 31.1±0.2 mm in all the four pathogens. The ligand 1,10-phenantroline exhibited the greatest antimicrobial activities with inhibition zones ranging from 19.2±07 mm to 31.2±0.3 mm for all organisms due to its flat geometry and extended conjugation it  intercalate with base pairs of DNA of microbes[80]. The metal salt exhibited the greatest antimicrobial activities with inhibition zones ranging from 17.8 ±0.7 mm to 34.3±0.6 mm due to its toxicity in all tested bacteria, while acetamide  have good antimicrobial activities with inhibition zones ranging from 16±0.5 mm to 22±0.7 mm.. Coordination of the ligands to the metal ion impacted the antimicrobial activity against all bacteria species tested with inhibition zone diameters in the range 11.1±0.8−23.4±0.5mm. Its extended conjugation relatively minimized as a result of possible π- electron donation for the central metal ion and its activity was reduced [81]. Complexes were more active against the Streptococcus pyogens, Staphylococcus aureus and klebsella pneumonia. 
From this new finding antibacterial investigation of the synthesized complex([Co(Phen)2(Ad)(Ac)]Cl2 ) was evaluated among the different bacterial strains and found active against all the tested pathogens. This complex showed wide-range activities against even the most drug resistant Klebsiella pneumoniae, however low activity as compared to the two precursore complexes( [Co(Phen)2(H2O)2]Cl2. H2 O and [Co(Phen)2(H2O)(Ad)]Cl2.H2O ) in this bacteria, this may be the extended conjugation relatively minimized as a result of possible π- electron donation for the central metal ion and its activity was reduced, but   the activitie  is comparable with the commercial  antibiotic drug (Gentamycin).
Generally the complexes have good activities as compared to the reference drug gentamicine for against the tested  bacteria species. This indicates that reaction of metal ions with the ligands plays an important role in antimicrobial activity by minimizing its toxicity. This increase in activity could be due to the reduction of the polarity of the metal ion by partial sharing of the positive charge with the ligand’s donor atoms so that there is electron delocalization within the metal complex. This may increase the hydrophobic and lipophilic character of the metal complexes, enabling it to permeate the lipid layer of the organism killing them more effectively [82]. 
	 [image: ]    [image: ]
                     Staphylococcus aureus         (a)               Streptococcus pyogens
[image: ]     [image: ]
                               Escherichia coli ( b)                   klebsella pneumonia
[bookmark: _Toc516988516]Figure 14:Inhibition zone of ligands, complexes, salt, and commercial antibiotic against (a) Gram-positive (S. aureus and S. pyogens) and (b)Gram-negative (K.pneumoniae and E. coli) bacteria





[bookmark: _Toc515464417]Table 5: Antibacterial activities of the complexes(% index), free ligands, metal salt, and commercially available antibiotics

	Zone of
Inhibition
(mm)
	
Phen
	
Ac
	
Ad
	
Salt
	
C1(% index)
	
C2(% index)
	
C3(% index)
	
Met
	
Genta


	S. aureus

	25±0.0
	16±0.5
	8.3±0.5
	20±0.11
	20.2±0.3(-32.67)
	19±0.4(-36.67)
	20.3±0.1(-32.33)

	6.1±0.2
	30±0.1

	E. coli
	30.9±0.8
	20.4±0.7
	20.8±0.7
	18.7±0.5
	11.1±0.8(-42.48)
	16.6±0.5(-13.99)
	16.6±0.5(-13.99)
	6.2±0.7
	19.3±0.6

	S.pyogen
	19.2±0.7

	18.7±0.5

	21±0.7

	17.8 ±0.7

	20.7±0.6(-33.23)

	18±0.5(-41.94)

	19±0.0(-38.71)
	6.7±0.5
	31±0.0

	K.pne
	31.2±0.3

	22±0.7
	21.3±0.5

	34.3±0.6

	23.4±0.5(-24.76)

	22±0.8(-29.26)

	21.8±0.8(-29.90)

	7.4±0.5

	[bookmark: _Hlk513905393]31.1±0.2



[bookmark: _Hlk511465958][bookmark: _Hlk513093749][bookmark: _Hlk511633315][bookmark: _Hlk513104452][bookmark: _Hlk512245763]Where, C3=[Co(phen)2(Ad)(Ac)]Cl2,  C2=[Co(phen)2(Ad)(H2O)]Cl2⋅H2O,  Met=Methanol  C1=[Co(phen)2(H2O)2]Cl2⋅H2O,Salt = CoCl2⋅6H2O,  Phen = 1,10-phenanthroline;  Ad = Adenine;  Genta = Gentamicine; Ac= Acetamid
[bookmark: _Toc516988517]Figure 15: Histogram of inhibition zones against bacteria species
[bookmark: _Toc515464418]Minimum Inhibitory Concentration of [Co(Phen)2(Ad)(Ac)]Cl2:
[bookmark: _Hlk517051308]The antimicrobial activities of the target complex was quantified by the determination of its MICs. The MIC indicates the lowest drug concentration at which a visible inhibition growth of the microorganisms is noticed. Around 100 mg/L of [Co(Phen)2(Ad)(Ac)]Cl2 complex is sufficient to inhibitthe growth of S. Pyogens, while around 200 mg/L is necessary to start inhibiting S. aureus, K. pneumonia and E. coli. However, from the above comparition data  K. pneumonia bacteria was highly affected at 800 mg/L, because  at higher concentration the cell wall becomes permeable to the antimicrobial agent or the target site is altered bind by the antimicrobial agent. As the result the bacteria cell wall totaly becomes destroyed by the antimicrobial agent.The MICs values for the complex was summarized in Table 6 and the histograms on Figure 16.
Table 6: Minimum inhibition concentration of [Co(Phen)2(Ad)(Ac)]Cl2 against four bacterial pathogens
	Name of
Microorganism
	Minimum inhibition concentration of microorganism growth

	
	100 mg/L
	 200 mg/L
	300 mg/L
	400 mg/L
	500 mg/L
	600 mg/L  
	
	


	 E. coli
	+
	−
	−
	−
	−         
	 −

	 S. aureus
	+
	−
	−
	−
	      −
	−

	K. Pneumonia
	+
	−
	−
	−
	       −
	−

	[bookmark: _Hlk511658338]S. Pyogens
	−
	−
	−
	−
	     −
	−

	


 Note: + = Growth of bacteria, − = No growth of bacteria


	


[bookmark: _Toc516988518]Figure 16:Histogram of MIC against bacteria species
.





[bookmark: _Toc516983825]5.Conclusion and Recommendation
[bookmark: _Toc516983826]5.1. Conclusion
[bookmark: _Toc516935181][bookmark: _Toc516983827][bookmark: _Hlk516717578][bookmark: _Hlk516717555][bookmark: _Hlk513481377][bookmark: _Hlk516718454]From this work the infra-red spectra confirmed that, the presence of coordinated and water of crystallization in [Co(Phen)2(H2O)2]Cl2.H2O and [Co(Phen)2(H2O)(Ad)]Cl2.H2O complexs. UV-Vis spectra verified modifications of electronic distribution, means Co(II) complexes showed the significant band shift from the ligands and the change in appearance of d-d transition bands which confirms that the formation of new complexes. In this regared the analytical spectra (i.e IR, and UV-Vis) spectroscpy proposed that phenantroline ligand employes two N- donor site in metal binding process. Therefore, in Co(phen)2 (H2O)2]Cl2. H2O complx involves two 1,10-phenantroline coordinated to metal through two pyridines -N group and two -OH2 via oxygen in the coordination spher. And also in [Co(Phen)2(H2O)(Ad)] Cl2. H2O complex two 1,10-phenantroline, one adenine and one water molecule coordinated with the metal. The final complex [Co(Phen)2(Ad)(Ac)]Cl2 was constracted from two 1,10-phenantroline, one adenine and one acetamide ligands. Based on the aformationed analytical spectral data, the structure of the synthesized complexes interpreted as octahydral geometry. The finding of the current antibacterial investigation of a new synthesized complex([Co(Phen)2(Ad)(Ac)]Cl2) was evaluated among the different bacterial strains and found active against all the tested pathogens. This complex showed wide-range activities in all tested pathogens against even the most drug resistant Klebsiella pneumoniae, however low activity as compared to the two precursore complexes ([Co(Phen)2(H2O)2]Cl2. H2O and [Co(Phen)2(H2O) (Ad)]Cl2. H2O) in this bacterium, this may be the extended conjugation relatively minimized the possible π- electron donation for the central metal ion and its activity was reduced, but it is comparable with the commercial antibiotic drug (Gentamycin). Threfore, after cytotoxicity investigations, this complex could be considered as alterntive antibacterial agents.




[bookmark: _Toc516983828]5.2. Recommendation
Coordination compounds play crucial role in biological systems. Therefore, synthesis, characterization and study of their antibacterial properties are a great importance. The study can be extended by synthesizing and characterizing using different ratio of metal to ligand ratios, using different nucleobases and the antibacterial activities of the products formed can also further test for their antifungal activity, because cobalt complexes are show good antibacterial activity. The structure of complexes could be further studied with the advanced spectroscopic techniques such as X-ray crystallography, TGA and mass spectroscopy analysis. Generally, the present study concluded that cobalt complexes will be used as good drug of choice to manage the microbial diseases after evaluating the in-vivo effect of metal complex on experimental animal and clinical trials.
[bookmark: _Toc498926983][bookmark: _Toc498943853][bookmark: _Toc499177951][bookmark: _Toc501378921]
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Wisdom at the source of the Blue Nile
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