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ABSTRACT
Antimicrobial resistance is one of our most series health problems. Infections from resistance bacteria are now common, and some pathogens have been become resistant to multiple classes of antibiotics. Transition metal based drug represents a promising approach of antibacterial agent with potential application for inhibition of bacterial infectious diseases. Consequently, in this study relatively abundant and inexpensive element Iron (III) new complexes of the ligand 2,2’-bipyrdine, [Fe(Bpy)2(H2O)2]Cl3 and mixed ligand complex of 2,2’-Bipyridine and acetamide, [Fe(Bpy)2(Ac)(H2O)]Cl3 were synthesized. The structures of the complexes were characterized using various analytical, thermal and spectroscopic techniques, particularly using UV-Vis, FT-IR, and ICP-OES. Furthermore, the synthesized metal complexes were evaluated for their in vitro antibacterial activity against Gram-positive (staphylococcus aurous, Staphylococcus pyogenes) and Gram-negative (Escherichia coli, and Klebsiella Pneumonia) bacteria by Disc Diffusion method and their antimicrobial activity were compared with the standard commercial drug Gentamycin. Both complexes showed good antimicrobial activity towards all bacteria. The results revealed that antimicrobial activity of the complexes were predominantly very effective towards strong Gram-negative bacteria Escherichia coli. Furthermore; the minimum inhibitory concentration of the complexes were determined and found that the lower the concentration of the complexes the lower the extent of inhibition.

Keywords: 2, 2’-Bipyridine, Acetamide, mixed ligand complex, antibacterial activity, iron (III).

[bookmark: _Toc516720701][bookmark: _Toc523544038]1. INTRODUCTION
[bookmark: _Toc498434052][bookmark: _Toc516720702][bookmark: _Toc523544039]1.1 Back ground of the study
Currently, the resistance to antibiotic of bacteria has been concerned and reported in many articles. It is inevitable to note that bacteria’s are acting as a main cause of severe disease and epidemic in humans particularly in poor hygienic countries. Consequently, there are many attempts to solve this issue by discovering new antibiotics [1]. Coordination complexes of transition metals have played a key role in the field of medicine. Many researchers have studied characterization, antimicrobiral activity and toxicological activities of mixed ligand complex of transition metal. Iron has superiority among all transition metals because of its various oxidation states, biocompatibility and less toxicity. It plays a vital role for almost all living organisms by participating in a wide variety of metabolic process, including oxygen transport, DNA synthesis and electron transport. Iron supplements are among the most recurrently recommended medicines [2]. Bipyridine is one of the promising compounds that have been reported as an interesting compound in pharmaceutical formulations. 2,2’-Bipyridine ligands have been extensively used as a metal chelating ligand due to its robust redox stability and the ease of fuctionalization. 2,2’-Bipyridine is a bi dentate and neutral ligand . It thus forms charged complex with metal cation. It is potential interactive molecules that bind with DNA base pairs to serve as anticancer and anti-bacterial treatment activities [3].
[bookmark: _Toc500422164][bookmark: _Toc516720703]Compounds that contain acetamide linkage are found to be active in many important drugs and there are a variety of bioactive acetamide derivatives which have been developed in recent years. Acetamide is found to be potential agent for anticancer, antioxidant, anti-inflammatory, antibacterial and anti-fungal activities [4]. Although a good number of mixed ligand complexes containing metal ion with 2,2’- Bipyridine  or acetamide ligand with other ligands are reported in different literature [17 32]. But there is no report on the Synthesis, Characterization and Assessment of Antibacterial Activities of Iron (III), Mixed Ligand Complexes containing 2,2’-Bipyridine and Acetamide. Therefore, this study focused on the synthesis, characterization and antimicrobial activity of mixed ligand complex of iron (III) with 2,2’-Bipyridine and acetamide.

[bookmark: _Toc523544040]1.2 Significance of the study
[bookmark: _Toc500422165]Since the introduction of penicillin in 1940s, antibiotics have become one of the corner stone of modern medicine. According to WHO estimates the world wide prevalence antibiotic resistance bacteria is one of the greatest challenges in the field of medicine. Recently to reduce this alarming problem, complex of transition metals have been widely studied for their antibacterial activities. Literatures showed that a lot of investigations in the properties and applications of anti-microbial activities of transition metal complexes with different ligands have been studied and reported. However, 50% of these antibiotics are not optimally effective [5]. To reduce, if possible to avoid the existing problem, we have to discover and/or develop effective new antibiotics. The significance of this study was therefore, to provide a crucial alternative metal based drugs as a potential and promising antibacterial agent.
[bookmark: _Toc523544041][bookmark: _Toc516720704]1.3 Objective of the study
[bookmark: _Toc523544042]1.3.1 General objectives
The concern of antibiotic resistance bacteria and the lack of effective antibiotics can be resolved by introducing effective drugs through research. [6]. Therefore; this work was aimed to study the Synthesis, Characterization and Assessment of Antibacterial Activities of Iron (III), Mixed Ligand Complexes containing 2,2’-Bipyridine and Acetamide”.
[bookmark: _Toc500422167][bookmark: _Toc516720705][bookmark: _Toc523544043]1.3.2 Specific objectives.
This study would have the following specific objectives.
· Synthesis of the precursor [Fe(Bpy)2(H2O)2]Cl3 , using 1 mole of FeCl3  and 2 moles of 2,2’-Bipyridine.
· Synthesis of final mixed ligand complex [Fe(Bpy)2(Ac)(H2O)]Cl3, using 1 mole of precursor complex  and 1 moles of acetamide.
· Structural investigation of the complexes [Fe(Bpy)2(H2O)2]Cl3 and [Fe(Bpy)(Ac)(H2O)]Cl3 using various analytical, thermal and spectroscopic techniques .
· Investigating the antibacterial activities of Fe(III)-complexes using Gram-negative (Escherichia coli and Klebsiella pneumonia) and Gram-positive (Staphylococcus aurous and Staphylococcus pyogenes) bacteria.
· [bookmark: _Toc500422168][bookmark: _Toc516720706]Appreciate the extent of the antibacterial activities of Fe(III)-complexes compared with commercially available drugs, Gentamycin.
[bookmark: _Toc523544044]2. LITRATURE REVIEW
Antibiotics were first used to treat series infections in the 1940s. Since then antibiotics have saved millions of lives and transformed modern medicines. During the last 70 years, however the appearance of resistance bacteria was found to reduce the efficacy of anti-bacterial therapies with the current antibiotics, thereby increasing the need for more efficient drugs for the treatment of infections. To minimize this problem, so many anti-microbial drugs have been synthesized specially from transition metal complex [6].
[bookmark: _Toc516720707][bookmark: _Toc523544045]2.1 Transition elements.
An element that loses electron easily, that are lustrous, malleable, ductile and that are good conductor of heat and electricity are known as metal. Strictly speaking, transition elements are those elements having a partially filled d or f sub shell in any common oxidation state. These elements are all metals and with high melting point, variable oxidation state and able to form color compounds. These metals and their ions have much higher tendency to form coordination compounds as compared to the S and P block elements. It is because of their relative smaller size, higher ionic charge and the availability of d orbital for bond formation. Due to these properties they can form complex compound [7]. Thus, in coordination compound, the transition metal acts as electron acceptor (Lewis acid) and neural molecule with lone pairs of electrons or anion as electron donor (Lewis base). According to valence bond approach, the formation of a complex is considered to be a reaction between a Lewis base (ligand) and a Lewis acid ( metal or metal ion) with the formation of coordinate covalent bond between the ligand and the metal. Whereas, the crystal field theory explains that the metal- ligand bond is ionic this arises purely from the electrostatic interaction between the metal and the ligand [8].
Transition metal plays important role in biological process and the field of knowledge concerned with the application of inorganic chemistry to therapy or diagnosis of disease in medicinal inorganic chemistry.
[bookmark: _Toc498434059][bookmark: _Toc516720708][bookmark: _Toc523544046]2.2 Chemistry of Iron and its Antimicrobial Activity
Iron is the fourth most abundant element by mass in the earth’s crust with atomic number 26 and its compounds have numerous industrial application.  It is an essential element for all forms of life and is non-toxic. The element has catalytic property and has oxidation state ranging from -2 to + 6. But the most common are +2 (ferrous ion) and +3 (ferric ion) [9] . From ancient time, man has recognized the special role of iron in health and disease. Iron had early medicinal value by Egyptians, Hindus, Greeks and Romans. During the 17th century, iron was used to treat chlorosis(green disease), a condition often resulting from the iron deficiency [9]. However it was not until 1932, that the importance of iron was finally settled by the convincing proof that inorganic iron was needed for hemoglobin. The average human contain about 4 grams of iron. A lot of this is in hemoglobin. Human needs 10-18 mg of iron each day.  Iron participates in a large number of cellular processes, the most important of which are oxygen transport, ATP generation, cell growth and proliferation and detoxification.  Metal complex of antibiotics have powerful antimicrobial activities and are used in medicinal field. Among these, iron complex of ciprofloxacin, amoxicillin and cloxaccin were synthesized and the anti-microbial activities were evaluated and found to inhibit the activities of most interested bacteria [10]   .
Recently, various iron chelators have been synthesized by pharmaceuticals. They are mainly used in the treatment of haemochronatosis(iron over load) [10]. The bi dentate ligands 2,2-Bipyridine and 1-10-phenantroline are good chelators for iron and the complex is used for antimicrobial activities .  Iron (III) containing 2,2-Bipyridine ligands was synthesized and show a moderate anti-microbial activities as compared to tetracycline and Ampicillin .
Iron is also essential nutrient for most bacteria and therefore it is an important factor in the establishment of infections. The free iron (III) ion concentration in human body is between 10 -18 to 10 -24 M. Consequently this free iron (III) low concentration is below the required level to sustain bacterial life, which has been evaluated at least 10-6M . The high affinity of bacteria for iron (III) is an important opportunity to synthesis iron containing complex antibiotics [11]. It is proposed that antibiotics could bind Fe+2 or Fe +3 and make iron available bacteria. Under this iron limiting condition, a lower concentration of antibiotics would be required to inhibit the growth of bacteria. This suggest that iron chelating activities of ligands such as 2,2-Bipyridine, 1,10-phenantroline and tetracycline participate in the anti-bacterial activities [11].
Iron compounds should not be taken before and after meal. In the mouth iron salts may (if acid) attack the enamel of the teeth and by combining with sulfur (from food or the tartar of the teeth) form a black deposit of ferrous sulfide on the teeth and the tongue.  For this reason iron preparation are usually administered through a glass tube. Iron salts have also be given with success in diphtherias, ton throat, as well in erysipelas [12]. In the stomach iron salts are transferred in to ferric chloride. On reaching the intestine the chlorides are concerted in to hydroxide, and subsequently the latter in turn transferred in to the black sulfide and tannate of iron, which are avoided, and none passes in to the urine [13].
[bookmark: _Toc516720709][bookmark: _Toc523544047]2.3 Iron (III) chloride.
Anhydrous Iron (III) chloride is a black, essential covalent solid which have a molecular mass of 162.2 g/mol. It forms numerous addition compounds, especially with organic molecule which contain donor atom, for example ethers, alcohols, aldehydes, ketones and ammines. Iron (III) chloride is hygroscopic and can absorb water from the atmosphere to produce a yellow hydrated ferric chloride, FeCl3.6H2O, i.e contain the octahedral complex ion [14] . When dissolved in water, FeCl3 undergo hydrolysis and gives off heat as it an exothermic reaction. Anhydrous iron (III) chloride is a fairly strong Lewis acid and it is used as catalyst in organic synthesis. FeCl3 has relatively low melting point and boil at around 315 0C. It is used mostly in the pharmaceutical industry where it is used as a precursor for iron bearing medicine for anemia treatment [15].
[bookmark: _Toc498434060][bookmark: _Toc516720710][bookmark: _Toc523544048]2.4 Chemistry of 2,2’-Bipyridine
Aromatic nitrogen hetrocycles are important class of ligands in coordination chemistry. Among them the bi dentate chelating ligand like 2,2’-Bipyridine and  its analogs readily forms stable complex with  most of transition metals ion and have been extensively used for different application .Since its first description at the end of the nineteen century, 2,2’-Bipyridine has been extensively used as ligand for the complexation of metal center. Today, it is even one of the most widely used chelat system in coordination chemistry [15]. For more than several decades, it has been also used as a bridging ligand and so it finds application in different fields. It forms chelating ring which is stable and used as a chelating donor site due to its robust redox stability. This allows compounds containing the ligand 2,2’-Bipyridine experience restricted rotation, are planner and move readily able to facilitate metal- metal interaction. 2,2’-Bipyridine can be prepared by the action of nickel-aluminum catalyst on pyridine at a temperature of 80 oC [16].


[bookmark: _Toc523495631]Scheme 1.Synthesis of 2,2-Bipyridine

Nowadays, 2,2-Bipyridine is used for different pharmaceutical activities. Literatures showed that complex of iron and 2,2-Bipyridine are used as anticancer and antibacterial activity drugs. The complex of 2,2-Bipyridine and iron (III) , [ Fe (Bpy)] have moderate antimicrobial activity compared with antibiotic reference tetracycline and Ampiciline [17]. In addition, the apparent coordination to the DNA double helix of [ Fe (Bpy)] is also interested . Copper complex of 2,2-Bipyridine have also good antimicrobial activity[18]. This complex is used to kill the larvae of Culexquinquefaciatus and Anopheles Subpictus mosquito [19]. Other complexes of 2,2-Bipyridine ,include Mo(CO)4(Bpy), Ru Cl2 (Bpy)2 and in tris ( Bpy) complexes, [M(Bpy)3]n+ (M= metal ion : Cr, Fe, Co, Ru, Rh, three Bipyridine molecule coordinate to a metal ion by octahedral structure and they showed good antimicrobial activity[20].
[bookmark: _Toc498434061][bookmark: _Toc516720711][bookmark: _Toc523544049]2.5 Chemistry of Acetamide
The antioxidant ability is related with compounds capable of protecting a biological system against the potential harmful effect of the oxidation process. Antioxidant compounds have received increased attention from medical researchers for the potential activities in preventing disease [21]. Acetamide is one of the antioxidant and anti-microbial compounds with the formula CH3CONH2 and can be prepared by the rapid distillation of ammonium acetate in the sealed tube and distilling the product.


[bookmark: _Toc516528373][bookmark: _Toc523495632]Scheme 2.Preparation of Acetamide

[bookmark: _Toc500422172][bookmark: _Toc516720712]Acetamide is used as a drug intermediate in the manufacture of ampicilline, cephalexin, cephradine and sulphacetamide. It is anti-acid in lacquers, explosive and cosmetics. It is an enzyme inhibitor that acts specifically on carbonic anhydrous, the enzyme that catalyze the reversible reaction involving the hydration of carbon dioxide and the dehydration of carbonic acid. Its derivatives have anti-inflammatory and antioxidant activity. 2-chloro-n-aryl acetamide derivatives are used to treat Leishmaniasis, Which is a tropical disease caused by several species of protozoa [22]. The synthesis of poly functional group’s compounds has been escalating these days. Acetamide linkage is found to be active in many important drugs. Acetamide is potential agent for anticancer and antibacterial activities [23].
[bookmark: _Toc523544050]2.6 Review on the synthesis, characterization and antimicrobial activities of iron (III) with different ligands.
A number of researches had reported on the synthesis, characterization and antimicrobial activities of iron (III) complexes with different ligand.
K. Asemave [11].  Had reported the antibacterial studies of Leucine Complexes of Fe(III)and Cu (II). The complex was characterized by different analytical and spectroscopic techniques including Uv-visible and IR spectra and its octahedral geometry was confirmed. The antimicrobial activity test was performed by Agar diffusion method. The bacteria were; Mycobacterium tuberculosis, Bacterial Vaginosis, Pseudomonasaeruginosa, Salmonella Typhi, Escherichia coli, Campylobacter spp. These amino acids complexes showed increased antibacterial activities when compared to the original metal salts. It has been reported that the antibacterial activity of a complex is influenced by its stability. The lower stability of the amino acid complex, the greater is the antibacterial activity. 
Dolan Sengupta and SnigdhaGangopadhyay [28]: Reported on the synthesis, spectral characterization, molecular modeling and antimicrobial activity of novel low spin mixed ligand thiohydrazide complex of iron (III). The magnetic susceptibility data and the EPR spectra of these complexes suggested the formation of rhombically distorted low spin iron center (d5) in octahedral environment, which was also supported by the UV-vis spectral data of the complexes. Antimicrobial activities of the complexes were studied by Escherichia coli. The antibacterial study against E. coli strain shows that all the iron (III) complexes of aromatic thiohydrazides completely inhibit the growth of the microorganism with the maximum value of 17.8𝜇M concentration in vitro. 
Neha Jain and MithleshAgrawal [29]: Reported on the synthesis, characterization and antimicrobial study of mixed ligand complex of Fe (III) with 2-Hydroxypropiophenonand β-Diketone. Physicochemical and  spectroscopic  methods  were  used  to  determine  mode  of  bonding and coordination geometry of newly synthesized mixed ligand complexes  of  Fe(III).  The  electrical  conductance  studies  of  the  complexes  in  DMSO  (dimethyl sulfoxide) in 10-3  M concentration indicate  their non-electrolytic nature. Magnetic  susceptibility  measurements  revealed  paramagnetic  nature  of  the  complexes  at  room  temperature.  Electronic  absorption  spectra  of  the  complexes  show  intra-ligand,  charge  transfer  transitions  and  d-d  transitions.  Biological  activity  of  ligands  and  metal  complexes  was  performed  against  gram  positive  bacterial  strain  Staphylococcus  aurous  and  gram  negative bacteria Escherichia coli. The synthesized complexes and their corresponding ligands were screened against E. coli and Staphylococcus aurous to assess their potential as antimicrobial agent by diffusion method. A comparative  study  of  growth  inhibition  zone  values  of  ligands  and  its  complex,  under identical  experimental  conditions,  indicate  that  metal  complex  exhibit  higher  antibacterial activity than the free ligands. 





[bookmark: _Toc523544051]

3. METHODS AND MATERIALS
[bookmark: _Toc516720713][bookmark: _Toc523544052][bookmark: _Toc500422175]3.1 Research design
In this work, new Fe(III)-complexes ( [Fe(Bpy)2(H2O)2]Cl3 and [Fe(Bpy)2(Ac)(H2O)]Cl3)  would be synthesized, characterized and their antibacterial activities was assessed. The synthesized complexes were characterized through different analytical and spectroscopic methods including color change, solubility test, halide test conductivity test, melting point determination, ICP-OES, IR, UV-Visible spectroscopy. Antimicrobial test has also performed.
[bookmark: _Toc498434063][bookmark: _Toc516720714][bookmark: _Toc523544053]3.1.1 Chemicals and solvents.
All chemicals used for this work were in analytical reagent grade. The following chemicals were used including, anhydrous ferric chloride, 2,2’-Bpyridine, acetamide, silver nitrate, potassium chloride,  potassium bromide, nitric acid, perchloric acid and Muller Hinton agar. All these chemicals were extra pure and in analytical grade.
Organic solvents like methanol, acetone, chloroform, dichloromethane, acetonitrile and the most widely used solvent water were used. All these chemicals were used without further purification.
[bookmark: _Toc498434064][bookmark: _Toc516720715][bookmark: _Toc523544054]3.2 Instruments and method
During synthesis, characterization and antimicrobial test the following instruments and apparatus were used. FT-IR spectra were obtained by using a Perkin-Elmer frontier spectrometer (4000-450cm-1) in potassium bromide pellets. The metal analysis was performed by ICP-OES (inductively coupled plasma optical emission spectrometer, Optima 8000).The electronic absorption spectra in ( 200-800nm)  data were collected in distilled water from Cary 60 UV-visible spectrophotometer. The molar conductivity of 10-4M solution of both complexes was measured by JENWAY 4200 conductivity meter using 0.1M potassium chloride solution. The melting point was measured by melting point apparatuses. Chlorination test was done thermo gravimetrically using silver chloride precipitate obtained from mixture solution of each complex with solution of excess silver nitrate. The anti-microbial test was performed by using two gram positive bacteria(Staphylococcus aurous and Staphylococcus pyogenes) and two gram negative bacteria (Escherichia coli and Klebsiella pneumonia) using Muller Hinton agar media and Gentamycin as a standard drug. Generally, all the experimental activities (Synthesis of the complex, the analytical analysis, instrumental analysis and anti-microbial test) were carried out at Bahirdar University post graduate chemistry laboratory.
[bookmark: _Toc498434066][bookmark: _Toc516720717][bookmark: _Toc523544055]3.3 Synthesis of [Fe(Bpy)2(H2O)2]Cl3
0.5893 g (3.63mmol) of anhydrous FeCl3 was taken and dissolved in 25 ml of methanol solution in 100 ml flask. To this, a solution that was separately prepared by dissolving 1.135g (7.27mmol) of 2,2-Bipyridine in 25 ml of solution of methanol was added drop wise slowly from the burette while the ferric chloride solution stirring magnetically in a water bath at 24°C for two hours and the reaction progress was monitored by color change [17]. Then this reaction mixture was refluxed in a water bath at 50–60 °C for 1:30 h and the solvent was removed by using rotary evaporator. The isolated solid complex was washed by acetone, filtered off, air dried and weighed. The yield is 1.597 g (86.13%) and its color is Orange.
The general synthesis of the precursor complex is shown below.



[bookmark: _Toc516528374][bookmark: _Toc523495633]Scheme 3.Synthesis of new precursor complex , [Fe(Bpy)2(H2O)2]3Cl3
[bookmark: _Toc498434067][bookmark: _Toc516720718][bookmark: _Toc523544056]3.4 Synthesis of [Fe(Bpy)2(Ac)(H2O)]Cl3
The Acetamide and [Fe(Bpy)2(H2O)2]3Cl3 solutions were prepared separately. Acetamide solution was prepared by adding 0.0695g (1.17mmol) of acetamide in 25ml of distilled water and [Fe(Bpy)2(H2O)2]Cl3 solution was also prepared by dissolving 0.601g (1.17mmol) of [Fe(Bpy)2(H2O)2]Cl3  in 25 ml of distilled water in 100 ml flask. Then, acetamide solution was added drop wise slowly from the burette to the precursor complex solution while stirring magnetically in a water bath at 24 °C for 1:30 h. The solution was refluxed in a water bath at 50–60°C for 2 h. Finally the solvent was removed by using rotary evaporator. The isolated solid complex was washed by acetone, filtered off, air dried and weighed. The yield is 0.398 g(61.4%) and the color is yellow. 


[bookmark: _Toc516528375][bookmark: _Toc520291292][bookmark: _Toc520291765][bookmark: _Toc523495634]Scheme 4.  Synthesis of new final complex, [Fe(Bpy)2(Ac)(H2O)]Cl3

[bookmark: _Toc520297385][bookmark: _Toc523544057][bookmark: _Toc516720719]3.5 Physicochemical measurement.
[bookmark: _Toc523544058]3.5.1 Solubility test of the Fe (III) complex.
The solubility of the precursor complex [Fe(Bpy)2(H2O)2]Cl3 and the main complex [Fe(Bpy)2(Ac)(H2O)]Cl3 were checked by using different polar solvents like water, methanol, acetonitrile  and non-polar solvents like acetone, Dichloromethane and chloroform.
[bookmark: _Toc516720721][bookmark: _Toc523544059]3.5.2 Qualitative chloride test.
The presence of chlorides in the outer sphere of the precursor and the new synthesized complex was confirmed by the formation of white precipitate (silver chloride) by ligand substitution reaction when 10 ml of aqueous solution of silver nitrate solution is added in to 5 ml of the precursor and final complex solution. Based on the proposed empirical formula of the complexes, the following reaction would takes place.
[Fe(Bpy)2(H2O)2]Cl3(aq)   +  3AgNO3(aq)   →     [Fe(Bpy)2(H2O)2]NO3(aq)    +    3AgCl (s)
[Fe(Bpy)2(H2O)(Ac)]Cl3+  3AgNO3(aq)   →  [Fe(Bpy)2(H2O)(Ac)]NO3   +    3AgCl (s)
[bookmark: _Toc516720722][bookmark: _Toc523544060]3.5.3 Quantitative chloride test.
The number of moles of chlorine in both complexes was determined through quantitative chloride test. 0.0018g of [Fe(Bpy)2(H2O)2]Cl3 and 0.0012g of [Fe(Bpy)2[(Ac)(H2O)]Cl3  was taken in two separate beakers and  dissolved in 5 ml of distilled water. To these, a solution which was prepared by dissolving excess silver nitrate in 10 ml of distilled water was added and the reaction mixture was allowed to withstand for 24 h. After one day, a white precipitate was formed and settled at the bottom of each beaker. This precipitate was filtered off and washed by distilled water. This moist precipitate was dried in air and weighed.
[bookmark: _Toc516720725][bookmark: _Toc523544061]3.5.4 Melting point determination.
The melting point of both the precursor and new synthesized complex were measured by using Stuart melting point measuring apparatus. Both complex samples were transferred in to the capillary tubes. Then, the tubes which contain the samples were inserted in the holes of the melting point measuring device. Finally, the apparatus was allowed to get electrical power and calibrated to read a temperature up to 3000C. The melting point of both complexes was recorded while the complexes are melted.
[bookmark: _Toc516720724][bookmark: _Toc523544062]3.5.5 Molar Conductivity Measurement.
100 ml of 10 -4 M precursor aqueous solution, [Fe(Bpy)2(H2O)2] Cl3 was prepared by dissolving 0.005 g of the complex in distilled water. The digital conductivity meter,( JENWAY 4200) was first calibrated by highly conductive 0.1M aqueous solution of potassium chloride. Then, the sensor of the conductivity meter was directly immersed in to the precursor solution and its conductivity was measured. Using the same procedure, 100 ml of 10-4 M of the synthesized complex solution was prepared by dissolving 0.0055 g of the complex in distilled water and its conductivity was recorded in micro semen.
AM= 
Where   AM – molar conductance 
               k- Specific conductance
               C- Concentration of the sample
[bookmark: _Toc516720723][bookmark: _Toc523544063]3.5.6 Quantitative metal determination.
0.0028g of the precursor complex, [Fe(Bpy)2(H2O)2]Cl3 and 0.0026g of the new synthesized complex, [Fe(Bpy)2(Ac)(H2O)]Cl3 were separately taken by two different flasks. In each complex, mixture of 5 ml of concentrated nitric acid and 5 ml of per chloric acid were added. Then, the two solutions were heated for two hours until few drops of the each solution left. This process was repeated for three times until colorless solution is formed which confirms the removal of organic compounds in the complexes. Then, the flasks which contain the solutions were removed from the heat and allowed to cool for 15 minutes. After digestion, the flasks that contain the precursor and the main complex were filled by distilled water until the volume of each solution reaches 50 ml. These solutions were taken to ICP-OES in order to determine the concentration of metal (Fe). Finally the ICP-OES instrument was calibrated in a standard solution to have a linear relationship between concentration and absorbance that indicated the existence of better fit between linear regression line and the prepared solutions.
The experimental percentage of the metal is calculated as follows.
% of metal in the complex = Where
C = the average concentration reads from the instrument in ppm.
Vm = volume of metal solution.
M = mass of complex used.
The result obtained was corrected by the blank measurement taken as a control.
[bookmark: _Toc523544064]3.5.7. FT-IR Spectroscopy study
The IR spectra of the two iron complexes were studied by homogeneously mixing nearly 1 mg of each sample with 300 mg of dry potassium bromide in Perkin FT-IR modal spectrometer in the region of 400-4000cm-1 at room temperature. 
[bookmark: _Toc523544065]3.5.8 UV-Visible spectroscopy study
To study the electronic transition of the complexes, UV-Visible spectrometer was used.  The electronic spectra of many inorganic compound show d-d and charge transfer absorption. The charge transfer consists of an electron donor group bonded to an electron acceptor. In complexes of the transition metal the d orbitals does not have all the same energy. Due to this an electron can jump from one d orbital to another. This transition is responsible for the color of transition metal complexes. The UV-Visible spectra of 10-4M of each  complexes was obtained from Shimaduzu Uv 60 spectrophotometer by taking 10-4M distilled water solution of each complex in the wave length range of 200-800 nm.
[bookmark: _Toc516720726][bookmark: _Toc523544066]3.6 Antimicrobial study.
[bookmark: _Toc523544067]3.6.1 Media and microorganism used
Nutrient Muller Hinton agar media was used to cultivate the bacteria. The in vitro antimicrobial screening effect of [Fe(Bpy)2(H2O)2]Cl3, [Fe(Bpy)2(Ac)(H2O)]Cl3, FeCl3, 2,2-Bpyridine, and acetamide were tested against two gram positive bacteria (staphylococcus auras and staphylococcus pyogenes) and two gram negative bacteria (Escherichia coli and Klebsiella pneumonia). The complexes would be tested at different concentration and their activities towards the bacteria were compared with the standard drug Gentamycin.
[bookmark: _Toc516720727][bookmark: _Toc523544068]3.6.2 Antimicrobial screening.
All materials used for antibacterial activities (Petri dish, flask, forceps, swaps, beakers, loop) were first sterilized by autoclaves at 121°C for 20 minutes. Nutrient agar media was prepared by mixing agar powder with distilled water in 100ml flask. This solidified media was transferred to the sterilized Petri dish. Then, the bacteria were introduced in to the Petri dish containing solidified agar by inoculating loop and this bacteria were refreshed (incubated) at 37°C for 24 h [24]. Finally the refreshed bacteria were transferred and distributed evenly in to the sterilized Petri dish containing Muller Hinton agar by swapping method. In this Petri dish, solution of metal complex in different concentration, the ligand solution and the solvent were introduced by paper disk method [25].  The standard antibiotic, Gentamycin, was also applied to the center of the agar plate. At the end of the day, the Petri dishes were observed for zone of inhibition after 24 hr incubation at 37 °C and the diameter of the inhibited zone was measured. The diameter of inhibited zone formed due to the metal complex was compared with the standard drug Gentamycin. 
% inhibition =  x  102     Where
X= average diameter of bacteria growth around the complex compound.
Y= average diameter of bacteria growth around the reference compound
The antibacterial test was carried out at BahirDar University post graduate microbiology laboratory center, BahirDar, Ethiopia.
[bookmark: _Toc523544069]3.6.3 Minimum inhibitory concentration.
[bookmark: _Toc516720728]Agar disk diffusion method was used to determine the minimum inhibitory concentration of the final targeted complex [Fe(Bpy)2(Ac)(H2O)]Cl3  through series dilution .Various concentration (75, 150, 300,600ppm) of the complex was inoculated with the cultured bacteria to determine at what level the MIC end point is established using two gram positive and two gram negative bacteria . The diameter of inhibition zone (mm) was measured after 24 hour inhibition. The assay was repeated thrice and the average diameter of the zone of inhibition formed due to the antimicrobial nature of the complex at each concentration was measured as mean ± standard deviation of triplicate experiments.




[bookmark: _Toc523544070]4. RESULTS AND DISCUSSION
In this part, all the findings of the work have been briefly discussed. The results of the spectral, analytical and antimicrobial data were analyzed and explained. Furthermore, the most preferable structure of the new complexes had also proposed.
[bookmark: _Toc516720729][bookmark: _Toc523544071]4.1 Physical characterization of the metal salt, the ligands and complexes
2,2’-Bipyridine is a white solid and anhydrous ferric chloride is a dark brown crystalline solid. Upon coordination of ferric chloride to 2,2-Bipyridine, an Orange color  precursor  complex, [Fe(Bpy)2(H2O)2]Cl3,was formed. Again addition of acetamide (white solid) to the precursor complex produced another new complex,[Fe(Bpy)2[(Ac)(H2O)]Cl3 ,which has pure yellow color .  This color change is an indicator for the formation of coordination between the metal and the ligands. 
[bookmark: _Toc520293602][bookmark: _Toc520297788][bookmark: _Toc523469775][bookmark: _Toc523495545][bookmark: _Toc516529431]Both the precursor and the final complexes showed the same solubility in different solvents. The metal complexes were soluble in polar solvents like water, methanol and acetonitrile. But they are insoluble in non-polar solvents like acetone, dichloromethane and chloroform which indicates the ionic nature of the complexes. The ligands 2,2-Bipyridine and acetamide have melting point of 70-71 0C and 80-81 0C respectively. These melting temperature of the ligands is much less than from the melting points of synthesized complexes, [Fe(Bpy)2(H2O)2]Cl3which is 190-193 °C and [Fe(Bpy)2[(Ac)(H2O)]Cl3which is 150-152 °C. See table 1. The melting point of the precursor complex is higher than that of the targeted complex. Melting point is affected by size (lattice energy). As size increase, lattice energy and the melting temperature will decrease. Since the size of [Fe(Bpy)2[(Ac)(H2O)]Cl3 is larger than [Fe(Bpy)2(H2O)2]Cl3, the precursor complex showed higher melting point than the final targeted complex. In general, these differences in color, solubility and melting point between the ligands and the complexes confirmed the complexation of the ligands with the metal ion.
The analytical data’s are consistent with the calculated results from the proposed empirical formula of each complex. During qualitative chloride test, the white precipitate of AgCl confirms the presence of chloride ion outside the coordination sphere of the complexes. In the  quantitative chloride estimation, the experimental values of chloride is very close to calculated values (Table 1) which confirms the presence three chloride ions in the outer sphere of coordination in the two iron complexes and it is consistent with the proposed structure. The observed small change between the calculated and experimental chloride content of complexes may be due to experimental error. Furthermore the metal content in the complexes was determined spectroscopically using ICP-OES and the result obtained from the instrument showed that the theoretical metal content of the complexes and the experimental results are in a very good agreement See table 1. This is another supportive evidence for the presence of Fe(III) ion in both complexes and the achievement of the mononuclear Fe(III)-complexes with the proposed structure. The small difference between the theoretical and the actual values of concentration of (Fe) presumably come from incomplete digestion of the samples.
Conductivity measurement has frequently been used to provide as a method of testing the degree of ionization of the complexes, the molecular ions, which a complex liberates in solution. It was found that the molar conductance of the final complex, [Fe(Bpy)2(Ac)(H2O)]Cl3 is 189.2 S.Cm2/mol, which is less than the molar conductivity of the precursor complex, [Fe(Bpy)2(H2O)2]Cl3 which is 427.2 S.Cm2/mol. This is most likely due to the fact that as the size of the cation increase, the mobility of the ion decreases and hence the conductivity will decrease. Furthermore, when the acetamide ligand is replace the water molecule in the coordination sphere of the precursor complex, presumably the extent of inter-complexes hydrogen bonding in the final complex will increases, consequently the electrical conductivity will decreases. Overall, the conductivity measurement results suggested that both complexes are electrolytic with 1:3 cation-anion ratios in aqueous solution.    


[bookmark: _Toc520296077]
Table 1.Physical and analytical data of precursor and new mixed ligand Fe(III) complexes.

	Sample
	M.W g/mol
	Melting
Temp. °C
	Yield
(%)
	Molar
conductivity
S.Cm2/mol
	Nature
	Experimental % of Cl

	Theoretical % of Cl

	Amount of Fe in mg/L

	
	
	
	
	
	
	
	
	Theoretical
	Experimental
(ICP) result

	
	
	
	
	
	
	
	
	
	

	[Fe(Bpy)2(H2O)2]Cl3
Orange
	510.59
	190- 193
	86.13
	   427.2
	electrolyte
	18.07
	20.85
	6.12
	5.98

	[Fe(Bpy)2(H2O)(Ac)]Cl3
  Yellow
	551.66
	150-152
	61.40
	    189.2
	electrolyte
	17.12
	19.30
	5.26
	4.92





	
[bookmark: _Toc523544072]4.2 IR spectra study
Studying the binding modes of the ligands towards the metal ion (Fe3+) is very important for the structural determination of the metal complexes. The complexation of the ligands with the central metal ion is again confirmed by IR spectroscopy. In this part, infrared spectroscopy was primarily used to identify the bonding mode between the ligands and the corresponding complexes and in turn used to determine the structure of complexes.
The broad peaks in the IR spectra of 2,2’-Bipyridine around 3481 cm-1 is  due to v(O-H) stretching frequency which confirms the presence of lattice water in the ligand. Upon coordination of 2,2’-Bipyridine with Fe3+ion the broad peaks observed around 3481 cm-1 in 2,2’-Bipyridine was shifted to 3427 cm-1 in [Fe(Bpy)2(H2O)2]Cl3 and 3448 in [Fe(Bpy)2(H2O)(Ac)]Cl3. In addition, the coordinated water molecule in [Fe(Bpy)2(H2O)2]Cl3 and in [Fe(Bpy)2(H2O)(Ac)]Cl3 was showed a characteristics peak around 540 cm-1 and 536 cm-1 which is attributed to the v(Fe-O) stretching. These shifts in the peaks position of metal complexes compared with the corresponding ligand and the existence of non-ligand peaks at lower frequency of complexes confirms the coordination of water molecule.
The prominent spectra of 2,2’-Bipyridine shows a characteristic peaks in the region of 1588 cm-1 and 1447 cm-1 due to the stretching of (C=N) and (C=C) respectively. These peaks are shifted to 1580 cm-1 and 1428 cm-1 in [Fe(Bpy)2(H2O)2]Cl3 and 1584 cm-1 and 1436 cm-1 in [Fe(Bpy)2(H2O)(Ac)]Cl3. These shifts in the peaks position to lower frequency in the complexes clearly indicated the coordination of 2,2’-Bipyridine to Fe3+via its ring nitrogen in both complexes. 
The two characteristic peaks of acetamide around 3360 cm-1 and 3180 cm-1 are the higher and the lower stretching frequency of v(N-H) respectively. Upon coordination of acetamide with [Fe(Bpy)2(H2O)2]Cl3, the broad (N-H) stretching frequency of acetamide did not show significant shift in its peak position rather they are not clearly observed in the spectra of the final complex. This is due to the fact that since the complex contain water molecule and thus in the higher frequency region the peak attributed to v(O-H) stretching presumably overlap the peak attributed v(N-H)  stretching. From this we can say that acetamide did not use its nitrogen of (NH2) to coordinate with the metal center. If coordination were through nitrogen, one would expect a significant shift of the N-H peak in acetamide to the lower frequency of [Fe(Bpy)2(H2O)(Ac)]Cl3. The band which is observed around 1677 cm-1 in acetamide is the due to the stretching frequency of v(C=O). The shift of the peak from 1677 cm-1  in acetamide to the lower frequency 1646 cm-1 in [Fe(Bpy)2(H2O)(Ac)]Cl3 suggests the coordination of acetamide with the metal center (Fe3+)  via- Oxygen of the carbonyl group. The observation is also further supported by HSAB principle. According to this principle, hard acids preferred to coordinate with hard donor atom of the base and soft acid to soft base. Fe3+ is a hard acid and oxygen is hard donor atom of acetamide than nitrogen. Hence the mode of coordination is most probably between Fe3+ and oxygen [32].  Overall, the IR results revealed the coordination of the ligands with the metal center. 



	Compounds
	v(O-H)
(H2O)
	v(N-H)
(NH2)
	v(C-H)
(C=CH)
	v(C-H)
(CH3)
	v(C=O)
	v(C=C)
	v(C=N)
	v(C-N)
	v(Fe-O)
	v(Fe-N)

	2,2’-Bi pyridine
	3481
	-
	3054
	-
	-
	1447
	1588
	1248
	-
	-

	Acetamide
	-
	3360
	-
	2813

	1677
	-
	-
	1397
	-
	-

	
	
	3180
	
	
	
	
	
	
	
	

	[Fe(Bpy)2(H2O)2]Cl3
	3427
	-
	3045
	-
	-
	1428
	1580
	1313
	540
	490

	[Fe(Bpy)2(Ac)(H2O)]Cl3
	3448
	-
	3063
	-
	1646
	1436
	1584
	1320
	536
	457



[bookmark: _Toc520296078]Table 2.  IR spectral data of the ligands and their corresponding complexes







[bookmark: _Toc518863772]
[bookmark: _Toc524223284]Figure 1.Comparison of IR spectra of 2,2’-Bipyridine, acetamide ,[Fe(Bpy)2(H2O)]Cl3 and [Fe(Bpy)2(Ac)(H2O)]Cl3




[bookmark: _Toc516720736][bookmark: _Toc523544073]4.3 UV- Visible spectra
In this part, the electronic spectra of the ligand, the metal salt and the complexes were analyzed in the wavelength range of 200-800 nm. The UV- Visible spectra of the complexes and acetamide were observed in distilled water and the spectra of 2,2’-Bipyridine was observed in absolute methanol. 
The bands of 2, 2’-Bipyridine was observed at 234 and 281 nm. The highest energy bands are due to π→π* and n→π* transition of the aromatic system (C=C) and (C=N) respectively. The absorption peaks observed around 511,553 and 631 nm in the electronic spectra of FeCl3 were assigned to be 2T2g → 2A2g  , 2T2g→ 2T1g  ,  2T2g → 2Eg transitions respectively (Appendix7) . Upon coordination of 2,2’-Bipyridine to the metal salt, bands at 234 and 281 nm in 2,2-Bipyridine are shifted to 229 and 276 nm and the  bands of FeCl3 were shifted from 511,553 and 631 nm to 385, 506 and 665nm in precursor complex, [Fe(Bpy)2(H2O)2]Cl3 ( Appendix 8) . The charge transfer band of FeCl3 around 308nm, which is likely due to Iron-aqua complex, was shifted to 325nm in the precursor complex and 357nm in the final complex. This is an indicator for the coordination of the ligand to the metal through ligand to metal charge transfer (LMCT) which supports the formation of the complexes. 
Upon coordination of [Fe(Bpy)2(H2O)2]Cl3 to acetamide, the bands around 229 and 276 nm which are formed due to intra-ligand π→ π*  and n→ π* transition of C=C and C=N respectively were shifted to 226 and 283 nm in [Fe(Bpy)2(H2O)2]Cl3 and bands around 385,506 and 665nm which attributes to 2T2g → 2A2g  , 2T2g→ 2T1g  ,  2T2g → 2Eg transition in [Fe(Bpy)2(H2O)2]Cl3 were shifted to 490, 540 and 621nm in [Fe(Bpy)2(Ac)(H2O)]Cl3 respectively, which further confirms the formation of low spin octahedral geometry of the complex. In addition to this, bands of acetamide around 262nm which is a characteristics for n→ π* transition of C=O group was shifted to 283nm in [Fe(Bpy)2(Ac)(H2O)]Cl3. This is another supportive evidence which supports the formation of [Fe(Bpy)2(Ac)(H2O)]Cl3 through the coordination of acetamide with [Fe(Bpy)2(H2O)2]Cl3 .



[bookmark: _Toc520296079]Table 3.  UV- visible data of the metal salt, free ligands and their corresponding complexes

	
Compound
	
Solvent
	
λmax(nm)
	
Assignment

	2,2-Bipyridine
	methanol
	234
	π→ π*(C=C)

	
	
	281
	n→ π*(C=N)

	Acetamide
	water
	262
	π→ π*(C=O)

	
	
	268
	n→ π*(C=O)

	FeCl3
	water
	308
	LMCT

	
	
	511,553,631
	2T2g → 2A2g  , 2T2g→ 2T1g  ,  2T2g → 2Eg

	[Fe(Bpy)2(H2O)2]Cl3
	water
	229
	π→ π*(C=C)

	
	
	276
	n→ π*(C=N)

	
	
	385,506,665
	2T2g → 2A2g  , 2T2g→ 2T1g  ,  2T2g → 2Eg

	[Fe(Bpy)2(Ac)(H2O)]Cl3
	water
	226
	π→ π*(C=C)

	
	
	283
	n→ π*(C=N)

	
	
	490,540,621
	2T2g → 2A2g  , 2T2g→ 2T1g  ,  2T2g → 2Eg




.  






[bookmark: _Toc520293606][bookmark: _Toc520297792][bookmark: _Toc500422178]Figure 2. Comparison of Uv-visible spectra of 2,2’-Bipyridine, acetamide , Ferric chloride, [Fe(Bpy)2(H2O)] Cl3 and [Fe(Bpy)2(Ac)(H2O)]Cl3


[bookmark: _Toc524223286]Figure 3. Comparison of UV-visible spectra of [Fe(Bpy)2(H2O)2]Cl3 and [Fe(Bpy)2(Ac)(H2O)]Cl3

[bookmark: _Toc516720737][bookmark: _Toc523544074]4.4 Structural Investigation
· The presence and amount of chlorides in the outer sphere of [Fe(Bpy)2(H2O)2]Cl3 and [Fe(Bpy)2(Ac)(H2O)]Cl3 was confirmed by qualitative and quantitative chloride tests.
· The melting point of the [Fe(Bpy)2(H2O)2]Cl3 (190 - 193°C) is higher than the [Fe(Bpy)2(Ac)(H2O)]Cl3 (150 - 152°C). This result was strongly agreed with the theoretical concept. Both complexes have the same charge but different size. Therefore, it is expected that the complex with larger size will have lower melting point than the complex with smaller size.
· From the conductivity test it was obtained  that the precursor complex [Fe(Bpy)2(H2O)2]Cl3 is more conductor than the final complex  [Fe(Bpy)2(Ac)(H2O)]Cl3. As the size of the cation increase ([Fe(Bpy)2(Ac)(H2O)]3+> [Fe(Bpy)2(H2O)2]3+ ) mobility will decrease which results a decrease in conductivity.
· The ICP-OES result confirmed that the theoretical and experimental mass of iron in the proposed structure of each complex is virtually equal.
·  From the IR data, it was observed that the ligand 2,2-Bipyridine coordinated to the metal center through its N,N of the hetro-aromatic ring. The precursor complex has also abroad peak which is the characteristics of O-H stretching frequency of water of hydration. In the final targeted complex one of the water molecules is replaced by acetamide which is bonded to the metal center via oxygen of the carbonyl group.
·  From the UV-Visible spectra, it was observed that the ligands were coordinated to the metal center by charge transfer mechanism. Based on the aforementioned findings, the most appropriate structures of the complexes are proposed below.


[bookmark: _Toc516528376]                       Precursor complex                                              New synthesized complex
[bookmark: _Toc523495635][bookmark: _Toc516720738]Scheme 5.Proposed structure of the precursor and the main complex
[bookmark: _Toc523544075]4.6 Antibacterial test
[bookmark: _Toc523544076]4.6.1 Antimicrobial Activity
The antibacterial activity of the ligand and the metal complex were evaluated against two Gram positive bacteria (staphylococcus aurous and staphylococcus pyogenes) and two Gram negative bacteria (Escherichia coli and Klebsiella pneumonia). The complexes would be tested at different concentration and their activities towards the bacteria were compared with the standard drug Gentamycin. The size of the zone of inhibition is usually related to the level of antimicrobial activity present in the metal complex [26]. A larger zone of inhibition usually means that the antimicrobial is more potent. The cleared zone was measured by a ruler in mm, and compared with the standard drug Gentamycin. 
[bookmark: _Toc520296080]Table 4.Antibacterial activity of the ligand, the metal and the complexes

	Compounds
	Antimicrobial activity ( mean zone diameter (mm) ± SD)

	
	Gram positive bacteria
	Gram negative bacteria

	
	S. aurous
	S. pyogenes
	E. coli
	K. pneumonia

	Methanol
	0±0.0
	0±0.0
	0±0.0
	0±0.0

	2,2-Bipyridine
	12±0.0
	14.2±0.21
	15±0.29
	0±0.0

	Acetamide
	0±0.0
	0±0.0
	0±0.0
	0±0.0

	FeCl3
	6±0.0
	9.6±0.15
	6±0.0
	9±0.0

	[Fe(Bpy)2(H2O)2]Cl3
	16.3±0.25
	12.3±0.26
	18.67±0.2
	6.12±0.14

	[Fe(Bpy)2(Ac)(H2O)]Cl3,
	17±0.26
	16.4±0.16
	19.6±0.12
	8.53±0.25

	Gentamycin
	23.6±0.06
	24.4±0.27
	22.6±0.15
	23.6±0.2



The solvents, water and methanol has no antimicrobial activity in any of the four bacteria. The metal salt (FeCl3), has very low antimicrobial activity in all of the bacteria (See table 4). The free ligand 2,2’-Bipyridine showed comparable antimicrobial activity in all of the tested bacteria except Klebsiella pneumonia; however free acetamide didn’t show any antimicrobial activity. The complexes,[Fe(Bpy)2(H2O)2]Cl3  and [Fe(Bpy)2(Ac)(H2O)]Cl3 showed very good response towards the bacteria especially in Escherichia coli. This indicates the activity of the metal ion towards bacteria increases upon coordination. The increase in the activity of the complexes compared to that of the ligand can also be explained on the basis of Overton’s concept and Tweed’s chelation theory. The biological activity of the metal complex is affected by several factors, including the chelating effect of the ligands, the nature of the donor atom, counter ion that neutralize the complex ion and the geometric structure of the complex. Chelation considerably reduces the polarity of the metal ion because of the partial sharing of its positive charge with the donor group and possibly π electron delocalization over the whole chelating ring. Such chelation could enhance the lipophlic character of the metal and hence increase the hydrophobic character and favoring its permeation through the lipid layer of the bacterial membrane with blocking the metal binding site inside the enzyme of the microorganism. This disturbs the respiration process of the cell and thus blocks the synthesis of protein [27,31].


[bookmark: _Toc518863778][bookmark: _Toc520291296][bookmark: _Toc520291859] Key: Complex one = [Fe(Bpy)2(H2O)2]Cl3 ,  Complex two = [Fe(Bpy)2(Ac)(H2O)]Cl3
[bookmark: _Toc524223287]Figure 4.Comparison of antimicrobial activity free ligand, metal salt, metal complex and Gentamycin
[bookmark: _Toc523544077]4.6.2 Comparison of antimicrobial activity of Iron (III) complexes and Gentamycin
The activities of Fe (III) complexes and Gentamycin against the bacteria were compared by their activity (%) index.
[bookmark: _Toc520296081]Table 5.% Activity index data of the complexes against the tested bacteria compared to Gentamycin.

	Compounds
	S. aurous
A. index( %)
	S. pyogenes
A. index(%)
	E. coli
A. index(%)
	K. pneumonia
A. index(%)

	[Fe(Bpy)2(H2O)2]Cl3
	-42.37
	-49.52
	-17.3
	-74

	[Fe(Bpy)2(Ac)(H2O)]Cl3,
	-27.9
	-32.7
	-13.2
	-63.8



Based on the above data the percent activity index of [Fe(Bpy)2(H2O)2]Cl3 and [Fe(Bpy)2(Ac)(H2O)]Cl3 showed nearly comparable with Gentamycin against E .coli. The metal complexes have different antimicrobial activity in S. aurous and S. pyogenes, (see table 5). The two metal complexes showed poor antimicrobial activity against the gram negative bacteria, Klebsiella pneumonia. The activity of [Fe(Bpy)2(Ac)(H2O)]Cl3 in all bacteria is better than [Fe(Bpy)2(H2O)2]Cl3. This may arise from the different in nature of the ligands. Water is weak field ligand than acetamide. During interaction of the metal complex with bacteria, water may depart from Fe(III) in the precursor complex, [Fe(Bpy)2(H2O)2]Cl3 which is good condition for the bacteria to coordinate with the metal [30]. Iron complexes of [Fe(Bpy)2(Ac)(H2O)]Cl3 demonstrated better drug activity than [Fe(Bpy)2(H2O)2]Cl3 due to its additional interaction with the genetic material of the cell by acetamide [31]. Generally the antimicrobial activities of the complexes were better than the free ligands and the metal salt. The way how the complexes inhibit the bacterial growth suggests different mechanism.
1). Modification of the cell membrane which caused the loss of cell constituent.
2) Inhibition of the synthesis of the cell wall constituent. 
To explain and verify any of these possible mechanisms further specific studies are essential. 


Key : C1:( concentration one (75ppm) , C2:( concentration two (150ppm), C3:( concentration three (300ppm), 
                               C4:( concentration four (600ppm) and G :( Gentamycin)   
[bookmark: _Toc524223288]                 Figure 5.  Photographic image of antimicrobial activity of compound.
[bookmark: _Toc516720739][bookmark: _Toc523544078]4.6.3 Determination of MIZ and MIC
MIC is the lowest concentration that completely inhibited the growth of microorganisms for 24 hours. The minimum concentrations of the metal complex (drug) that inhibit the visible growth of bacteria after overnight incubation were determined by series dilution of the new synthesized complex, [Fe(Bpy)2(Ac)(H2O)]Cl3 at 75ppm, 150ppm 300ppm and 600 ppm. The MIC break point of the complex in staphylococcus aurous and staphylococcus pyogenes was observed at 75ppm. The minimum concentration which is sufficient to inhibit the growth of Escherichia coli was 150ppm and for Klebsiella pneumonia it was around 300ppm. In general, as concentration of the complex increase their inhibitory rates also increase [33].
[bookmark: _Toc520296082]Table.6MIC determination of the targeted complex, [Fe(Bpy)2(Ac)(H2O)]Cl3

	Microorganism
	[Fe(Bpy)2(Ac)(H2O)]Cl3

	
	75ppm
	150ppm
	300ppm
	600ppm

	S. aurous
	     +
	-
	-
	-

	S. pyogenes
	+
	-
	-
	-

	E. Coli
	+
	-
	-
	-

	K. pneumonia
	+
	+
	-
	-



Key: (+):  bacteria growth
         (-): No bacteria growth

[bookmark: _Toc518863779]
[bookmark: _Toc524085209][bookmark: _Toc524223289].
[bookmark: _Toc516720740][bookmark: _Toc523544079]5. CONCLUSION AND RECOMMENDATION.
[bookmark: _Toc516720741][bookmark: _Toc523544080]5.1 Conclusion
Mixed ligand complexes of iron (III)  (viz. [Fe(Bpy)2(H2O)2]Cl3 and [Fe(Bpy)2(Ac)(H2O)]Cl3) from 2,2’-Bipyridine and acetamide  have been synthesized. The complexes were characterized by different analytical (Chloride test, melting point measurement and conductivity test) and spectroscopic techniques (IR, UV-Visible and ICP-OES). Based on the analytical and spectral data, the ligand 2,2’-Bipyridine employed its two ring nitrogen with the metal center (Fe3+) in the process. Therefore, the precursor complex contain two 2,2’-Bipyridine molecule which act as a neutral bidentate ligand coordinated with the metal center via its ring nitrogen. Furthermore, the precursor complex contains two water molecules in the coordination sphere which are coordinated through oxygen of H2O. Upon treatment of [Fe(Bpy)2(H2O)2]Cl3with a mole of acetamide one of the water molecule in the precursor complex has been replaced by acetamide. Therefore; the new synthesized complex contains two 2,2’-Bipyridine, one water molecule  and one acetamide (which is coordinated via oxygen of the carbonyl group C=O) in the coordination sphere. Hence, based on the analytical and spectral data’s octahedral geometry was suggested for both complexes.
The antimicrobial activity of both complexes was compared with the standard drug Gentamycin and both of the complexes were effective in all of the four bacteria. The extent of the antimicrobial activity was different in different bacteria. Especially the complexes are more potent in Gram negative bacteria (Escherichia coli) than Gram positive bacteria (staphylococcus auras and staphylococcus pyogenes). Being the complexes have high potential towards Gram negative bacteria, Escherichia coli, with strong cell wall indicated that further study in such complexes and their derivatives will have great promise to develop new potential drugs for Gram negative bacteria’s.
[bookmark: _Toc516720742][bookmark: _Toc523544081]5.2 Recommendation.
Due to the absence of other advanced spectroscopic techniques like mass spectroscopy, X -ray crystallography and TGA, the octahedral structure of the newly synthesized complex have been proposed only on the basis of the physical data such as ( solubility test, melting point, conductance measurement , elemental analysis) and spectroscopic data obtained from UV-Visible and IR. Hence the structure of the complex could be further studied.  The antimicrobial activity of the complex in different concentration with different bacteria shall be compared and studied with different standard drugs. Since the in vivo activity of the complex were not studied, after the in vivo cytoxicity investigation the newly synthesized complex [Fe(Bpy)2(Ac)(H2O)]Cl3 could be considered as a potential antimicrobial agent. Therefore; we recommend that further studies have to be investigated in order to strengthen the findings of this thesis.
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APPENDIXES
[bookmark: _Toc520296795]Appendix 1:  IR- spectra of 2,2’-Bipyridine ligand.


[bookmark: _Toc520296796]Appendix 2:  IR- spectra of Acetamide.



[bookmark: _Toc520296797]Appendix 3:  IR- spectra of [Fe(Byp)2(H2O)]Cl3

[bookmark: _Toc520296798]Appendix 4:  IR- spectra of [Fe(Byp)2(Ac)(H2O)]Cl3
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Appendix 5.Uv-visible spectra of the 2,2’-Bipyridine
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Appendix 6.Uv-visible spectra of the acetamide



[bookmark: _Toc520296801]Appendix 7.Uv-visible spectra of the ferric chloride
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Appendix 8.Uv-visible spectra of the [Fe(Byp)2(H2O)2]Cl3
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Appendix 9.Uv-visible spectra of the [Fe(Byp)2(Ac)(H2O)]Cl3

















S.aurous	2,2-Bipyridine	Methanol	FeCl3	Acetamide	Complex one	Complex two	Gentamycin	12	0	6	0	16.3	17	23.6	S.pyogenes	2,2-Bipyridine	Methanol	FeCl3	Acetamide	Complex one	Complex two	Gentamycin	14.2	0	9.6	0	12.3	16.399999999999999	24.4	E.coli	2,2-Bipyridine	Methanol	FeCl3	Acetamide	Complex one	Complex two	Gentamycin	15	0	6	0	18.670000000000005	19.600000000000001	22.6	K.pnumonia	2,2-Bipyridine	Methanol	FeCl3	Acetamide	Complex one	Complex two	Gentamycin	0	0	9	0	6.1199999999999966	8.5300000000000011	23.6	
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