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ABSTRACT 

Transition metal complexes are endowed with properties suitable for inhibition of bacterial 

infectious diseases. Based on this, identification and synthesis of new transition metal complexes 

is a passion for scientists. In this report  copper (II) homobinuclear mixed ligand complexes 

containing resorcinolate (R), acetone (Ac) and ethylenediamine (en) with formula H4[Cu2(R
2-

)2(R
-
)4], H4[Cu2(R

2-
)2(R

-
)4Ac2], H8[Cu2(R

2-
)6en],  H8[Cu2(R

2-
)6en2], H4[Cu2(R

2-
)2(R

-
)4enAc], and 

Na8[Cu2(R
2-

)6] were synthesized. The structures of the synthesized complexes were characterized 

using various analytical, electrochemical and spectroscopic techniques, particularly using UV-

Vis, FT-IR, ICP-OES, CV, Molar conductivity, pH, Melting point, Qualitative chloride test and 

Solubility tests. Furthermore, the synthesized complexes were evaluated for their in vitro 

antibacterial activities against some Gram-positive (Staphyloccus aureus and Streptococcus 

pyogens) and Gram-negative (Escherichia coli, Klebsiella Pneumonia) bacterial species by disc 

diffusion method and the result obtained were compared with the commercially available drug 

gentamicin by calculating percent activity index. The complexes were found to be active against 

all the tested bacteria. According to the percent activity index data, most complexes have higher 

antibacterial activity than gentamicin even in gram-negative bacterial strains. So, after the in 

vivo cytotoxicity investigation, pre-clinical and clinical tests the newly synthesized complexes 

could be considered as potential antimicrobial agent. 

 

 

Keywords: Synthesis, characterization, resorcinolate, ethylenediamine, acetone, Cu (II) 

homobinuclear mixed ligand complex and antibacterial activity. 
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1. INTRODUCTION 

1.1. Background of the study 

The large percentage of use and misuse of antibiotics led to a serious public health problems due 

to bacterial resistance to antibiotics [1, 2]. Most infections are caused by bacteria such as 

methicillin-resistant Staphylococcus aureus (MRSA), vancomycin resistant enterococci (VRE), 

Escherichia coli, Klebsiella pneumoniae, etc. Despite the large number of antibiotics available 

for medical use, parallel emergence of old and new antibiotic resistance demanded for new 

classes of antimicrobial agents with new mode of action. [3]. 

Transition metal mixed ligand complexes show a wide range of applications including 

pharmacology, toxicology and biochemistry. Thus, suitable coordination environments with 

spectral and electrochemical properties of the complexes results effective interactions with DNA 

[4, 5]. Particularly, copper (II) complexes of mixed-ligands are of great interest since they 

exhibit numerous biological activities. Copper is a bioimpact element with two biologically 

accessible oxidation states. There are reports indicating its mixed-ligand complexes bring about 

oxidative and electrolytic cleavage of DNA [4].  

 

Binuclear complexes have attracted considerable attention leading to their application in many 

areas of modern medicine. For example, mixed ligand binuclear copper (II) complex of 5-methyl 

salicyl aldehyde and 2,2-bipyridyl [Cu(MS)(bpy)]2.(ClO4)2 have been investigated for their DNA 

binding and nuclease activities. The result indicated a good binding propensity and bind to 

nitrogenous bases of DNA by intercalation. The crystal structure of the complex shows that 

copper (II) ion lies in a square pyramidal coordination environment [4]. Furthermore, mono and 

binuclear copper (II) complexes of hydrazone ligands derived from 4,6-diacetylresorcinol, 

nitrogen-donor ligands such as 1,10-phenanthroline and pentamethyl diethylenetriamine  as well 

as thiodiglycolate anion [(HL
1
)Cu(OAc)(H2O)].1.5H2O and [(L

2
)Cu2(OAc)2(Phen)2]_3H2O 

C54H46N10O11Cu2] have been investigated for their  antimicrobial activities.  Moreover, a novel 

mixed-ligand complexes of Cu (II) metal containing 1,10-phenanthroline and thymine have 

[Cu(L1)2(H2O)2]Cl2 and [Cu(L1)2L2H2O]Cl (L1 = 1,10phenanthroline, L2 = thymine)  been 

prepared, characterized and subjected to antibacterial test for different bacterial strains[6-8].  
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In all cases, significant improvements in their biological activities have been observed. 

Nevertheless, all these research findings revealed that, still change in the compositions of the 

metal ion with various unexplored ligands may result in new complexes with a set of new 

properties and applications. Owing to this, literature survey indicated a gap that the study of 

homobinuclear mixed ligand complexes of Cu (II) using resorcinol, acetone and ethylenediamine 

as ligand found to be necessary. 

Resorcinol has been used for about 100 years in human medicine as an antiseptic and in 

keratolytic topical medications in low concentrations of 1–2%. Sometimes much higher 

concentrations (up to 50%) have been used in peeling agents or in pastes for the treatment of leg 

ulcers. Dihydroxybenzenes have two hydroxyl groups available for coordination to metal ions. 

So it can act as monodentate or bidentate ligand [9, 23]. Additionally, alkyl resorcinol and 

aromatic resorcinol are reported to possess valuable therapeutic and antiseptic properties. 

Basically, 4-alkyl resorcinol is reported to have skin beautifying effect, low toxicity and irritation 

when applied on to human skin [10]. 

Ethylenediamine forms a large number of complexes with many different metal ions. It acts as a 

monodentate, chelating as well as bridging ligand [11]. 

1.2. Statement of the problem  

The resistance of microbes to the current commercially available drugs is a problem of the 

medical and pharmaceutical industries. So, it is important to develop novel drugs with a new 

mode of action which targets the lipid layer of the microbes and their life cycle [12, 13]. 

Recently, transition metal complexes have been a focus of attention. Particularly, a number of 

copper (II) complexes used in therapeutic applications were reported [14]. However, there is no 

report on the chemistry of copper (II) based homobinuclear mixed ligand complex containing 

resorcinolate, acetone and ethylelendiamine. So, this study attempts to focus on synthesis, 

characterization and assess the antibacterial activity of such complexes. 

1.3. Significance of the study 

Recently, the increasing of life threatening infectious diseases caused by multi-drug resistant 

pathogens is an alarming rate. Based on this, pharmaceutical industries are looking for 

synthesizing alternative compounds to medicinal preparations 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 
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promising results are being found. The actions of these complexes against the microbes were 

reported to be via non covalent interactions with the DNA. The significance of this project is, 

therefore, complementing the effort of discovering new complexes containing different ligands 

having different features with new mode of actions.  

1.4.  Objectives of the study 

1.4.1.  General objective 

To synthesize characterization and evaluate the antibacterial activities of copper (II) 

homobinuclear mixed ligand complexes containing resorcinolate, ethylenediamime and acetone. 

1.4.2. Specific objectives 

 To synthesize homobinuclear Cu (II) complexes from CuCl2 salt, resorcinol, acetone and 

ethylenediamine with different compositions as follow:  

 From CuCl2 salt and resorcinol in 1:3 mole ratio. 

 From the first homobinuclear complex and ethylenediamine in 1: 2 mole ratio. 

 From the first homobinuclear complex and ethylenediamine in 1:1 mole ratio. 

 From the first homobinuclear complex and acetone in 1: 1 mole ratio. 

 From the homobinuclear complex containing acetone and ethylenediamine in 1:1 

mole ratio. 

 From CuCl2.2H2O salt and resorcinol in 1:3 mole ratio by using strong base as 

deprotonating agent. 

 To characterize the synthesized complexes using various analytical, electrochemical and 

spectroscopic techniques. 

 To investigate the antibacterial activities of the synthesized complexes against Gram positive 

and Gram negative bacteria. 

 To compare the antibacterial activities of Cu (II) complexes with commercially available 

drugs. 
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2.  LITERATURE REVIEW 

2.1.  Coordination chemistry and mixed ligand complexes 

Coordination chemistry is about tuning properties of metal ions using different ligands [15]. 

Based on this, synthesis of different coordination compounds with desired properties by ligand 

tailoring has become a fascinating research field. Designing new coordination compounds with 

therapeutic abilities has been part of this activity [16]. 

The concepts of mixed ligand complexes are always fascinating to the chemistry community. 

Consequently, interest in synthesis of mixed ligand complexes is rising. This is because; these 

complexes contained at least two different kinds of ligands with different properties associated 

with the same metal ion. The combined effect of the ligands with different properties on the 

metal ion in a complex results in a set of new properties. This includes stabilization of different 

oxidation states and modulation of the solvophilicity, electrophilic and nucleophilic properties of 

the metal ion and the ligands. While coordinating, the properties of the ligands themselves are 

also modified [17, 18]. 

2.2. Overview of the chemistry of Cu (II) Complexes and ligands 

2.2.1.  Chemistry of Cu (II) complexes 

Copper in trace quantities is required by all living organisms to maintain proper cellular 

functions. A great majority of Cu (II) compounds are blue or green in color because of a single 

broad absorption band in the region of 600-900nm which is due to spin allowed transition 

2
T2g→

2
Eg. Considerable distortion in octahedral symmetry is observed in Cu (II) complexes. The 

magnetic moment of mononuclear Cu (II) complexes are generally in the range of 1.75-2.20 BM, 

regardless of stereochemistry and independent of temperature except at extremely low 

temperature [19]. Copper (II) forms stable complexes with nitrogen and oxygen donor ligands. 

Cu (II) complexes of nitrogen ligands are generally stable. The most common coordination 

numbers of Cu (II) are 4, 5 and 6 with square-planar, square pyramidal and octahedral 

geometries, respectively. 

Binuclear copper (II) complexes have an important functional role in many metalloenzymes. An 

important example is catechol oxidase. It catalyzes the oxidation of O-diphenol to the 

corresponding O-quinone coupled with 2e/2H
+
 reduction of O2 to H2O.  The structure of catechol 

oxidase (figure 1) contains binuclear copper (II) centers in which each copper (II) is coordinated 
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to three histidine nitrogen atoms followed by an exogenous bridging hydroxide group forming a 

four coordinated trigonal pyramidal geometry. Thus, the copper (II) species using binuclear 

complex forming ligands have attracted increasing attention in recent years [20]. 
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Figure 1: Structure of catechol oxidase isolated from sweet potato [20]. 

 

2.2.2.  Chemistry of resorcinol and its application 

Resorcinol molecule has two hydroxyl groups in the aromatic ring structure, and they are located 

at meta-positions with respect to each other Figure 2. The high reactivity of resorcinol is 

primarily associated with the location of these two hydroxyl groups in the benzene ring. As far as 

the reactivity of resorcinol is concerned, the hydrogen atom adjacent to the hydroxyl groups, 

namely at carbon atoms 2, 4 and 6 are particularly reactive towards electrophilic substitution. All 

these three positions of the molecules are doubly activated by the two hydroxyl groups. 

Electrophilic substitution reaction such as alkylation, acylation, halogenation, nitration and 

sulfonation can occur predominantly [21]. 
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HO OH

 

Figure 2: Structure of Resorcinol 

It is used as a chemical intermediate in manufacturing of pharmaceuticals, dyestuffs and 

fungicides such as P-amino salicylic acid, hexylresorcinol and light screening agents for 

protecting plastics from UV lights [22]. It has a melting point of 111 
0
C and used in the 

formulation of several pharmaceuticals such as acne creams, hair dyes, anti-dandruff shampoos, 

and sun tan lotions. It also possesses various therapeutic uses such as topical antipruritic and 

antiseptic. It is used to treat seborrhea dermatitis, psoriasis, corns, warts and eczema. It is 

effective in the treatment of several dermatological problems due to its antibacterial, antifungal 

and keratolytic effects. Resorcinol solution in ethyl alcohol (Jessner’s solution) is used in 

chemical peeling and it has special medical use as biological glue (gelatin-resorcinol-

formaldehyde glue) in cardiovascular surgery [23]. Dihydroxybenzenes have two hydroxyl 

groups available for coordination to metal ions [24]. So, it can act as monodentate or bidentate 

ligand. There are studies on determination of formation constant of resorcinol complexes with 

different metal ions. For example, the binary and ternary complexes of some transition metal 

ions with resorcinol as primary ligand for the determination of formation constants of complexes 

[9].  

2.2.3.  Chemistry of ethylenediamine and its properties 

Ethylenediamine is colorless molecule at room temperature having the characteristic smell of an 

amine. It has a melting point of 11.1 
0
C and a boiling point of 116.9 

0
C at 101325 Pa (1 atm.). 

With time the composition tends to change, especially in the presence of air. It absorbs both 

water and carbon dioxide from the atmosphere forming the carbonate, and it forms a stable 

monohydrate which can be distilled without decomposition, but fractional distillation does not 

normally lead to a very pure product. Ethylenediamine forms a large number of complexes with 

many different metal ions. It usually acts as a bidentate ligand and examples are known in which 

ethylenediamine acts either as a monodentate or a bridging ligand Figure 3. But, in a few rare 

cases, ethylenediamine form a monoprotonated complexes [11]. 
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NH2

NH2

 

Figure 3: Structure of Ethylenediamine 

 

2.2.4.  Chemistry of acetone and its application in coordination chemistry 

Acetone (propanone) is the simplest and smallest ketone Figure 4. It is a colorless, volatile, 

flammable liquid with a characteristic odor. Acetone is miscible with water and serves as an 

important solvent in its own right, in industry, home, and laboratory [25]. It is a common 

building block in organic chemistry. Familiar household uses of acetone are as the active 

ingredient in nail polish remover and as paint thinner. Acetone is produced and disposed of in the 

human body through normal metabolic processes. It is normally present in blood and urine. 

People with diabetes produce it in larger amounts [26]. A series of complexes were reported 

acetone as the ligand in which it is a weakly coordinating ligand. Complexes of acetone (hexa-

solvated cations) with divalent metals such as Mg(II), Ca(II), Mn(II), Fe(II), Co(II), and Ni(II) 

forms octahedral complex by solvation[27]. Usually, acetone reacts with Lewis acids to give 

adducts. [28, 29] 

                                         

O

 

 

Figure 4: Structure of Acetone 

 

2.3. Overview on synthesis, structural investigation and Biological activity of 

some mononuclear and binuclear Cu (II) complexes with different 

ligands 

 A number of mono and binuclear copper (II) complexes have been reported. For instance, four 

complexes by slight variation of (2E)-2-(2-hydroxy-3-methoxybenzylidene)-4N-substituted 

hydrazine carbothioamides, (OH)(OCH3)C6H4CH=NNHC(S)NHR, where R=H (L1), Me (L2), Et 

(L3), or Ph (L4), [Cu2(L1)2Cl2], [Cu2(L2)2Cl2], [Cu2(L3)2Cl2] and [Cu2(L4)2Cl2] have been 

synthesized and characterized both the ligands and complexes were tested for antibacterial 

activities by agar disc diffusion method. Except for complex 4, all complexes showed 
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considerable activity almost equal to the activity of ciprofloxacin. These complexes did not show 

any effect on Gram-negative bacteria, whereas they showed moderate activity for Gram-positive 

strains [30]. 

              
 

        Where R = H, L1 

                       = CH3, L2 

                       = C2H5, L3 

                       = C6H5, L4 

 

Figure 5: Structure of Cu (II) (2E)-2-(2-hydroxy-3-methoxybenzylidene)-4N-substituted 

hydrazine carbothioamides complexes [30]. 

Furthermore, mixed ligand complexes of Cu (II) metal containing 1,10-phenanthroline and 

thymine [Cu(L1)2(H2O)2]Cl2 and [Cu(L1)2L2H2O]Cl (L1 = 1,10-phenanthroline, L2 = thymine) 

have been prepared, characterized and the antibacterial activities against Staphylococcus aureus, 

Streptococcus pneumonia, methicillin-resistant Staphylococcus aureus (MRSA), Klebsiella 

pneumoniae, Escherichia coli and Shigella boydii was studied. The biological activities of the 

complexes showed enhanced antimicrobial activity compared to the free metal salt with thymine 

being lower than that of 1,10-phenanthroline. [8].  
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Figure 6: Structure of Cu (II) 1,10-phenanthroline (Complex1) and Cu (II) 1,10-phenanthroline 

mixed with thymine (Complex2) [8]. 

2.4.  Mechanism of action of antimicrobial agents 

Most Cu (II) complexes showed promising biological activities and this was supported by the 

DNA binding affinity of the Cu (II) complexes which was postulated to be due to the ability of 

the complexes to block the enzymatic binding to the nitrogen bases of DNA or RNA of the 

cancer cells [31]. Several other copper complexes have been reported to have effective anti-

inflammatory, antirheumatic and anticancer activities, which was associated with their 

superoxide dismutase-like activity [22]. In addition, copper is also part of the redox active 

metalloenzymes which consists of cytochrome c oxidase and tyrosinase [32]. Once the complex 

passed the cell membrane/wall, the labile ligands separates from the complex leaving 

coordination sites. This phenomenon created a convenient condition for the complex to act as a 

carrier agent that delivers active ligands in vivo. This resulted in independent interactions of 

these fragments with the pathogenic cell [8]. Based on this we anticipated that, the synthesized 

complexes will have better activity in vivo. Regardless of the large number of reports, there is 

still the need of preparation of Cu (II) complexes with better activities due to new modes of 

actions against the pathogen cells. In this regard, the search for new metal complexes bearing 

labile ligands which may coordinate with the disease targets through ligand exchange reaction 

with biomolecules is sought. Thus we synthesized new homobinuclear Copper (II) complexes 

with a proposed formula: H4[Cu2(R
2-

)2(R
-
)4], H4[Cu2(R

2-
)2(R

-
)4Ac2], H8[Cu2(R

2-
)6en],  

H8[Cu2(R
2-

)6en2], H4[Cu2(R
2-

)2(R
-
)4enAc], and Na8[Cu2(R

2-
)6]  respectively. 
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3.  MATERIALS AND METHODS 

In this study, synthesis of homobinuclear mixed ligand complexes containing Cu (II) metal, 

resorcinolate, acetone and etheylenediamine were prepared in stepwise manner under optimized 

reaction conditions. The complexes were synthesized by a method with a slight modification of a 

method used in 3, 8 and16. The complexes were characterized using various analytical, 

electrochemical and spectroscopic techniques. Finally, there antibacterial activity study with 

some gram positive and gram negative bacteria was carried out.  

3.1.  Materials 

3.1.1. Chemicals and reagents 

The chemicals and solvents that were used in this study:CuCl2.2H2O salt (PhilipHaeris, Limited, 

England), resorcinol (Himedialaboratory,pvt,ltd,India), ethylenediamine, AgNO3 (Blulux 

Laboratories(P),ltd-121 001), Na2SO4 (Blulux Laboratories (p) ltd.-121 001), HNO3(65%, 

Lobachemie), HClO4(60%, Sisco), H2SO4 (98%,Lobachemie), KBr ( Blulux Laboratories (p) 

ltd.-121 001), solvents like Distilled water,  methanol (India) Pvt. Ltd.),  ethanol 

(Himedialaboratory, pvt,ltd,India), acetone (Germen, Dutch, Polish), acetonitrile (India,Pvt,Ltd.), 

dichloromethane (UN1593), THF(Anhui Royal chemical Co., Ltd.), ethyl acetate (Lobachemie) 

and diethyl ether (Tokyo chemical industry UK Ltd.) were of analytical reagent grade and used 

without further purification. 

3.1.2.  Instruments and apparatus 

The necessary apparatus and instruments used for this study were digital balance(OHAUS),(hot 

plate, round bottom flask, burette, pan, magnetic stirrer) for reflux set up, vacuum rotary 

evaporator set up, (Sanyo SP65) UV-Vis spectrophotometer, (Perkin Elmer BX) FT-IR 

spectrophotometer, (PerkinElmer Optima 8000V) ICP-OES spectrometer, Potentiostat 

(CHI360E), (Stuart SMP30) digital Melting point apparatus, digital conductivity meter 

(BANTE901P), digital pH meter (BANTE901P), volumetric flask, beaker, Whateman No.1 filter 

paper, micropipette and others were used. 
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3.2.  Methods 

3.2.1. Synthetic protocols of metal complexes 

3.2.1.1.  Synthesis of Bi-Resorcinoxobi (diresorcinol cupprate(II)) acid 

H4[Cu2(R
2-

)2(R
-
)4] 

The coordinated water in CuCl2.2H2O was removed first by heating at 150 
0
C in an oven.  And 

brown colored (CuCl2) salt was obtained. Then, added to a 30 mL of THF solution of CuCl2(1.22 

g, 9.0 mmol) in a  250 mL round bottomed flask magnetically stirred in water bath at room 

temperature, 30 mL THF solution of resorcinol (3.62 g, 27.0 mmol) was added drop wise from a 

burette. The stirring continued for 3h at room temperature after the last drop of ligand solution. 

The reaction progress was monitored by color change and TLC. A greenish homogeneous 

solution was formed. The solvent was removed by rotary evaporator and a reddish brown 

hygroscopic solid was obtained (yield 2.26 g, 88.4%).The synthesis strategy is indicated in 

scheme 1. Hence, the moles described in the scheme are in simple whole number ratio.   

CuCl2

HO OH

3

THF, Magnetically 

stirred, at room T0

for 3 h

CuCl2.2H2O

150 0C

4HCl
Heat

Cu Cu

OHO

O OHO O

OHO

HO O

OO

H4

H4[Cu2(R2-)2(R-)4]

 

          Scheme 1: Synthetic path of H4[Cu2(R
2-

)2(R
-
)4]. 

3.2.1.2.  Synthesis of Bi-Resorcinoxobi(aeetonediresorcinolcupprate(II)) acid 

H4[Cu2(R
2-

)2(R
-
)4Ac2] 

H4[Cu2(R
2-

)2(R
-
)4Ac2]was formed by tandem addition of excess acetone to H4[Cu2(R

2-
)2(R

-
)4] 

complex (1.12 g, 4.06 mmol). While continuously stirred magnetically in a water bath for 30 min 

at room temperature, a reddish brown homogenous solution was obtained. Then the solution was 

concentrated by rotary evaporator. After rotary evaporator a plum color powder was obtained 

(yield 1.54 g, 85.6%).The synthesis strategy is indicated in scheme 2. 
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excess
acetone

Magnetically

stirred, at roomT0

for 30min

Cu Cu

OHO

O OHO O

OHO

HO O

OO

H4

Cu Cu

OHO

O OHO O

OHO

HO O

OO

H4

H4[Cu2(R2-)2(R-)4]

H4[Cu2(R2-)2(R-)4Ac2]

O

O

 

 

Scheme 2: Synthetic path of H4[Cu2(R
2-

)2(R
-
)4Ac2]. 

 

3.2.1.3.  Synthesis of Bi-Resorcinoxoacetoneethylenediamine 

bi(diresorcinolcupprate(II)) acid H4[Cu2(R
2-

)2(R
-
)4enAc]   

H4[Cu2(R
2-

)2(R
-
)4enAc] was prepared by  drop wise addition of a solution ethylenediamine (55µl, 

0.81mmol) in 30 mL THF from a burette to a solution of H4[Cu2(R
2-

)2(R
-
)4Ac2] (0.72 g, 

0.80mmol) in 30 mL of THF in a 250 mL round bottom flask while continuously stirred 

magnetically in a water bath for 2 h at room temperature. The reaction progress was monitored 

by color change and TLC. Later on a brown homogenous solution was obtained. Then the 

solvent was removed by rotary evaporator. After rotary evaporator a maroon color gummy solid 

was obtained (yield 0.5 g, 86.2%).The synthesis strategy is indicated in scheme 3. 

 



13 
 

H2N
NH2

THF, Magnetically
stirred for 2h

Cu Cu

OHO

O OHO O

OHO

HO O

OO

H4

H4[Cu2(R2-)2(R-)4Ac2]

O

O

Cu Cu

OHO

O OHO O

OHO

HO O

OO

H4

H4[Cu2(R2-)2(R-)4enAc]

O

NH2

H2N

C3H6O

 

Scheme 3: Synthetic path of H4[Cu2(R
2-

)2(R
-
)4enAc]. 

3.2.1.4.  Synthesis of Bi-Resorcinoxobi(ethylenediaminediresorcinolate 

cupprate(II)) acid H8[Cu2(R
2-

)6en2]  

H8[Cu2(R
2-

)6en2] was prepared by  drop wise addition of a solution of etylenediamine (545 µL, 8 

mmol) in 30 mL THF from a burette to a solution of H4[Cu2(R
2-

)2(R
-
)4] (1.24 g, 1.6 mmol) in 30 

ml of THF in a 250 mL round bottom flask while continuously stirred magnetically in a water 

bath for 2 h at room temperature. The reaction progress was monitored by color change and 

TLC. Later on a yellow precipitate was formed and after filtration a greenish brown homogenous 

solution was obtained. Then the solvent was removed by rotary evaporator. After rotary 

evaporator a saddle brown color hygroscopic solid was obtained (yield 1.15 gm, 82.7%). The 

synthesis strategy is indicated in scheme 4.  
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Cu Cu

OHO

O OHO O

OHO

HO O

OO

H4

H4[Cu2(R2-)2(R-)4]

Cu Cu

O-O

O O-O O

O-O

-O O

OO

H2N
NH2

THF, Magnetically
stirred for 2h

H8[Cu2(R2-)6en2]

NH2

H2N

NH2

H2N

Excess

H8+H3N

+NH3
Cl-

Cl-
2

 

Scheme 4: Synthetic path of H8[Cu2(R
2-

)6en2]. 

3.2.1.5.  Synthesis of Bi-Resorcinoxo-ethylenediaminebi (diresorcinolate 

cupprate(II)) acid  H8[Cu2(R
2-

)6en] 

H8[Cu2(R
2-

)6en] was prepared by drop wise addition of a solution of en (295µL, 4.4 mmol) in 

30 mL THF from a burette to a solution of H4[Cu2(R
2-

)2(R
-
)4] (1.22 g, 1.5 mmol) in 30 mL of 

THF in a 250 mL round bottom flask while continuously stirred magnetically in a water bath 

for 3 h at room temperature. The reaction progress was monitored by color change and TLC. 

Later on a yellow precipitate was formed and after filtration a greenish brown homogenous 

solution was obtained. Then the solvent was removed by rotary evaporator. After rotary 

evaporator a pink color hygroscopic solid was obtained (yield 1.12 g, 83%).The synthesis 

strategy is indicated in scheme 5. 
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Cu Cu

OHO

O OHO O

OHO

HO O

OO

H4

H4[Cu2(R2-)2(R-)4]

Cu Cu

O-O

O O-O O

O-O

-O O

OO

H2N

NH2

H2N
NH2

THF, Magnetically
stirred for 3h

H8[Cu2(R2-)6en]

H8+H3N

+NH3
Cl-

Cl-
2

 

Scheme 5: Synthetic path of H8[Cu2(R
2-

)6en]. 

3.2.1.6. Synthesis of Sodium bi-Resorcinoxobi(diresorcinolate cupprate(II)) 

Na8[Cu2(R
2-

)6] 

3.2.1.6.1. Deprotonation of resorcinol (Formation of Sodium resorcinolate) 

Sodium resorcinolate was prepared by the treatment of resorcinol with 0. 456 M NaOH. A (2.5 g, 

22.8 mmol) of resorcinol was dissolved in 15 mL of distilled water followed by drop wise 

addition of NaOH (1.824 g, 45.6 mmol) in 50 mL distilled water from a burette to a solution of 

resorcinol. While, the solution was stirred magnetically and titrate for 1 h the colorless solution 

was changed to green color. 

OHHO

OO

2 NaOH 2 H2ONa2

2-

Magnetically
stirred for 1 h

 

Scheme 6: Synthetic path of Sodium resorcinolate. 
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3.2.1.6.2.  Coordination of resorcinolate to Cu (II) metal 

Na8[Cu2(R
2-

)6] was prepared by drop wise addition of a solution of Sodium resorcinolate in H2O 

from a burette to a solution of CuCl2.2H2O (1.3 g, 7.6 mmol) in 15 mL of H2O in a 250 mL 

round bottom flask and continuously stirred magnetically in a water bath for 3 h at room 

temperature. Later on a white colloid was obtained. After 15 h, a white precipitate was settled 

and the precipitate was filtered. The remaining byproduct (NaCl) was removed by dissolving 

with ethanol because NaCl is not soluble in ethanol. Then the solution was filtered and the 

solvent was removed by rotary evaporator. After rotary evaporator a wine color hygroscopic 

solid was obtained (yield 2.12 g, 85.5%).The synthesis strategy is indicated in scheme 7.   

O O

H2O, Magnetically 

stirred, at room T0

for 3h

CuCl2.2H2O
2-

3Na2

Cu Cu

O-O

O O-O O

O-O

-O O

OO

Na8

Na8[Cu2(R2-)6]

4NaCl

 

Scheme 7: Synthetic path of Na8[Cu2(R
2-

)6]. 
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3.2.2.  Characterization of metal complexes 

3.2.2.1.  Physicochemical characterizations 

3.2.2.1.1. Solubility test 

The solubility of the synthesized complexes was determined by using some polar and non-polar 

solvents. 

3.2.2.1.2. Color and melting /decomposition temperature determination 

The color of each metal complex was detected by the visual observation and compared with 

color charts. Melting points of the synthesized complexes were determined by taking small 

amount of complexes in one side opened capillary tube and introduced in to the opened pores of 

the apparatus. Then the temperature was noted when the metal complexes were first get melted 

or decomposed.  

3.2.2.1.3. Qualitative chloride test 

Qualitative chloride tests for the complexes were done by dissolving 0.003 g of the complexes 

and excess amount of AgNO3solution were added to the solution of complexes in separate small 

beakers.  

3.2.2.1.4. pH measurement 

The pH of the complexes in water and ethanol for (H4[Cu2(R
2-

)2(R
-
)4Ac2] and H4[Cu2(R

2-
)2(R

-

)4enAc]) solution was measured by using digital pH meter (BANTE901P). The apparatus was 

first calibrated by standard buffer solution. Then the electrode was dipped in solutions of the 

complexes and the reading was recorded after it stabilizes. 

3.2.2.1.5.  Molar conductivity measurement 

The molar conductivity of the complexes were determined in water and ethanol for (H4[Cu2(R
2-

)2(R
-
)4Ac2] and H4[Cu2(R

2-
)2(R

-
)4enAc]). Taking 1 10

-3
 M concentration of each complex at 

room temperature measure by using digital conductivity meter (BANTE901P). The conductivity 

meter was first calibrated by calibrants. Then the electrode was dipped in each complex solution 

and the reading was recorded after it stabilizes. The molar conductance was determined from 

conductivity measurements of the complexes.  
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3.2.2.2. Spectroscopic techniques 

3.2.2.2.1.  Metal determination / ICP-OES measurement 

Quantitative analysis of copper(II) ion of the complexes were done using PerkinElmer, Optima 

8000 VHF ICP-OES spectrometer, by digesting H4[Cu2(R
2-

)2(R
-
)4](26.8 mg), H8[Cu2(R

2-

)6en2](22.5 mg), H8[Cu2(R
2-

)6en] (21.1 mg), H4[Cu2(R
2-

)2(R
-
)4Ac2] (16.1 mg), H4[Cu2(R

2-
)2(R

-

)4enAc] (16.4 mg) and Na8[Cu2(R
2-

)6] (25.2  mg) in mixtures of concentrated nitric acid, per 

chloric acid and sulfuric acid.  Each sample was diluted to 50 mL using distilled water. After the 

known concentration obtained each solutions were further diluted then the metal contents were 

recorded. 

3.2.2.2.2.  Ultra violet-visible spectroscopy 

The electronic spectra of the ligands, metal salt and Cu (II) complexes were determined using 

Sanyo SP65 UV-Vis double beam spectrophotometer in ethanol solution in the range 200-800 

nm at room temperature by taking ethanol as a blank. The electronic spectra were able to provide 

information about the electronic transition that took place within the molecular orbital of the 

metal, or the ligands that were present in the metal complexes. 

3.2.2.2.3.  FT-IR spectroscopy of the ligands and the Cu (II) complexes 

The infrared spectra of the synthesized copper (II) complexes were obtained using Perkin Elmer 

FT-IR BX spectrophotometer in the range of 4000 - 400cm
-1

. Each sample was mixed with dried 

IR-grade KBr powder and ground until no crystalline material was observed to prevent scattering 

effect. After that, small amount of sample was subjected to compression with a manual hydraulic 

press for characterization.  

3.2.2.3. Electrochemical characterization 

The cyclic voltammetry experiments were carried out in 1 mmoldm
-3

, pH = 7.0 

NaH2PO4_Na2HPO4 buffer solution. These experiments were conducted in a three-component 

cell consisting of a Platinum wire as auxiliary electrode, a non-aqueous reference electrode 

(Ag/Ag+), and a glassy carbon as working electrode in the range of 1.5 to -1.5 V, with a scan 

rate of 100 mVs
-1

[33]. The electrochemical measurements were carried out with a slight 

modification of a method used in Zeng, et al, 2002.  
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3.3. In vitro antibacterial activity test 

3.3.1. Bacterial strains 

The antibacterial activities of the ligands, metal salt and homobinuclear metal complexes were 

tested against the four bacterial strains two gram negative bacteria (Escherichia coli and 

Klebsiella pneumonia) and two gram positive bacteria (Staphylococcus aurous and Streptococcus 

pyogens) by agar disk diffusion method. 

3.3.2. Bioassay 

The antibacterial test was performed by using agar well disc diffusion method. The bacterial 

isolates (ATCC) type, were grown in Petri dishes containing Mueller-Hinton agar using a sterile 

cotton swab. Then 6 mm diameter sterile discs (Whiteman No 3 paper) were placed on the 

surface of the inoculated agar in Petridishes. And a certain concentrations of the ligands, salt and 

complexes in appropriate solvent were applied to the discs. The same volume of solvents (water 

and ethanol) and the standard drug (gentamycin) were used as negative and positive controls 

respectively for comparison of antibacterial activity. After addition of test solutions on the discs, 

the solution would allowed to diffuse for 5-10 minutes and the plates were kept in an incubatator 

at 37 °C until 24 h [34]. The antibacterial activities were determined by measuring the zone of 

inhibition. And the minimum inhibitory concentration (MIC by serial dilution method) of 

targeted complexes with various concentrations such as 700 ppm, 500 ppm, 300 ppm and 100 

ppm were determined. Finally, the antibacterial activity of the ligands and complex were 

compared with the standard and % activity index for the complex were calculated. The 

antibacterial tests were carried out in Bahir Dar University, microbiology laboratory, Bahir Dar, 

Ethiopia. 
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4. RESULT AND DESCUSSION 

4.1. Physicochemical data 

4.1.1.  Solubility of the complexes 

Solubility is one of a characteristic property of a substance. Most of the synthesized complexes 

were found soluble in polar solvents including methanol, ethanol, acetone and acetonitrile. But, 

insoluble in nonpolar solvent like dichloromethane which indicates the polar nature of the 

complexes. H4[Cu2(R
2-

)2(R
-
)4]  is partially soluble in water but completely soluble in ethanol and 

methanol as shown in Table 1. This indicates the complex anion is extremely soft that it poorly 

interacts with the hard nature of water molecules. The same argument is applied for H4[Cu2(R
2-

)2(R
-
)4Ac2] and H4[Cu2(R

2-
)2(R

-
)4enAc]. Addition of acetone decreases polarity and increasing 

softness due to the increment of carbon content. So, H4[Cu2(R
2-

)2(R
-
)4Ac2] and H4[Cu2(R

2-
)2(R

-

)4enAc] were completely insoluble in water still intact but readily soluble in ethanol and 

methanol.  

Table 1: The solubility of the synthesized Cu (II) complexes 

Complexes 

 

Solvents 

water        Methanol Ethanol Acetone Aceto

nitrile 

EtO

Ac 

THF DCM Diethyl 

ether 

H4[Cu2(R
2-

)2(R
-
)4] P S   S S   S   S   S Ins    P 

H4[Cu2(R
2-

)2(R
-
)4Ac2] Ins S S S S S S Ins P 

H4[Cu2(R
2-

)2(R
-

)4enAc] 

Ins S S S S S S Ins P 

H8[Cu2(R
2-

)6en2] S  S  S S S S S Ins P 

H8[Cu2(R
2-

)6en] S S S S S S S Ins P 

Na8[Cu2(R
2-

)6] S S  S 

 

Ins Ins Ins Ins Ins Ins 

 

 

Note:- S- Soluble, P- partial soluble and Ins-Insoluble 

 

  

4.1.2. Qualitative chloride test 

The qualitative chloride test reveals that no white cloudy precipitate was formed indicating the 

absence of ionizable chlorides outside the coordination sphere. 
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4.1.3.  Color and melting/decomposition temperature determination 

Melting point is the temperature at which the solids substances melts or fused. Color is also a 

characteristic property of transition metal complexes observed due to their interaction with 

visible portion of the electromagnetic spectrum. As presented in Table 2, the different and sharp 

melting points of the synthesized complexes indicated that they are pure and very different from 

the starting materials. H4[Cu2(R
2-

)2(R
-
)4] has higher melting point due to its polar nature and 

symmetry. Besides, it can probably form H-bonding with the adjacent monoanionic resorcinol. 

However, the other complexes have relatively lower melting point. This is due to the decreasing 

of symmetry following the coordination of ethylenediamine and acetone. Na8[Cu2(R
2-

)6] also has 

relatively low melting point as compared to H4[Cu2(R
2-

)2(R
-
)4]. This is probably due to lose of H-

bonding upon treated with base.  

4.1.4. pH measurement 

Most of the synthesized complexes were acidic in nature which strongly agrees with the 

proposed formula. Thus, R
-
 and R

2-
 are a σ and π-base ligands which makes the anion of 

H4[Cu2(R
2-

)2(R
-
)4], very soft nearly complete dissociation is expected. Consequently, after the 

coordination of acetone and ethylenediamine the extent of dissociation increases. This is evident 

from the pH value indicated in Table 2. On the other hand, Na8[Cu2(R
2-

)6] is basic according to 

the pH data.  

4.1.5. Molar conductivity measurement 

Electrolytic conductivity measurement has frequently been used in mode of coordination within 

the limits of their solubility and provides a method of testing the degree of ionization of the 

complexes, the molecular ions that a complex liberates in solution [35]. The molar conductivity 

values show the complexes to be classified as nonelectrolytes. This is due to the higher molar 

mass or surface area of the complex anions and strong hydration (solvation) of the cations by 

solvents. Both factors result in the reduction of the speed of mobility of the particles as a result 

of the decrease in the kinetic energy imparted by the electric field from measurement instrument 

[36].The molar conductivity was calculated by the following formula. 

   
       

 
 

Where, ΛM - molar conductance(S cm
2
 mol

-1
), Κ-specific conductance(Scm

-1
), C- concentration 

(Mole/L). 



22 
 

Table 2: The physicochemical results of the synthesized Cu (II) complexes 

 

4.2. Spectroscopic data 

4.2.1.  Metal content determination / ICP-OES measurement 

The ICP-OES spectrometer measurement (Table-3) results were almost in agreement with the 

calculated values based on the proposed formula of the complexes. 

 Table 3: Metal composition of the complexes 

Complexes Cu concentration  in ppm Na concentration  in ppm 

Calculated 

value 

Measured 

value 

Calculated 

value 

Measured 

value 

H4[Cu2(R
2-

)2(R
-
)4] 4.849 4.643 - - 

H8[Cu2(R
2-

)6en2] 3.670 3.475 - - 

H8[Cu2(R
2-

)6en] 11.120 11.07 - - 

H4[Cu2(R
2-

)2(R
-
)4Ac2] 5.186 5.139 - - 

H4[Cu2(R
2-

)2(R
-
)4enAc] 7.857 7.616 - - 

Na8[Cu2(R
2-

)6] 11.590 11.410 4.250 3.327 

 

Complexes  Color Expected 

Mwt 

(g/mole) 

Yield (%) 

 

M.pt T
0 

(
0
C) 

pH Molar 

conductivity 

(S cm
2
  mol

-1
) 

H4[Cu2(R
2-

)2(R
-
)4] reddish 

brown 

783.76 88.4 243  4.203 4.32 

 

H4[Cu2(R
2-

)2(R
-
)4Ac2] Plum 899.76 85.6 113 3.411 6.31 

H4[Cu2(R
2-

)2(R
-
)4enAc] Maroon 901.96 86.2 80  3.745 1.62 

H8[Cu2(R
2-

)6en2] saddle 

brown 

903.8 82.7 126  3.745 4.84 

H8[Cu2(R
2-

)6en] Pink 843.78 83.0 126  3.782 4.61 

Na8[Cu2(R
2-

)6] Wine 871.76 85.5 123  10.02 33.2 
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4.2.2. UV-Vis spectra of the ligands and the Cu (II) complexes 

The UV-visible spectra of the ligands, metal salt and the synthesized metal complexes were 

recorded in ethanol in the wavelength range of 200-800 nm. Typically, a shift in Uv-Visible 

maximum (λmax) of the free ligands is expected after coordinated to a metal ion, forming metal 

complexes due to the modifications in electronic distribution. Table 4 shows the UV-Vis spectral 

results of the ligands, metal salt and the synthesized complexes.  

The UV-Visible absorption spectrum of resorcinol showed two absorption bands at 274 nm and 

326 nm attributed to π →π* (C=C) transition and n →π* transition were shifted to 222 nm and 

281 nm in the spectrum of H4[Cu2(R
2-

)2(R
-
)4] Figure 7. Additionally, the band at 331 nm from 

the spectrum of CuCl2.2H2O attributed to MLCT or LMCT shifted to 326 nm in the spectrum of 

H4[Cu2(R
2-

)2(R
-
)4] complex indicates the formation of complex. Furthermore, the presence of 

non-ligand band at 484 nm in the expanded spectrum corresponding to d-d transition (
2
T2g→

2
Eg) 

confirms the formation of complex. 
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Figure 7: The UV-Vis spectra of the ligands, metal salt and H4[Cu2(R
2-

)2(R
-
)4] with expanded 

spectra. 

The absorption band from the spectrum of H4[Cu2(R
2-

)2(R
-
)4] at 281 nm attributed to π →π* 

(C=C) transition is shifted to 279 nm in the spectrum of H4[Cu2(R
2-

)2(R
-
)4Ac2] due to the 



24 
 

coordination of acetone. Such band comes from resorcinol moiety but shifted to the shorter wave 

length (blue shift). The blue shift is due to the increasing of the energy gap between π and π* as a 

consequence of the increasing in electron density on π bonding molecular orbital following 

coordination of acetone. As shown in Figure 8, the peak from the spectrum of acetone at 321nm 

attributed to π →π* (C=O) transition shifted to 335 nm upon coordination. And the band 345 nm 

attributed to n →π* (C=O) transition is also present in the spectrum of H4[Cu2(R
2-

)2(R
-
)4Ac2] 

complex verify the coordination of acetone. And the presence of non-ligand bands at 385 nm and 

655 nm corresponding to MLCT or LMCT and d-d transition (
2
T2g→

2
Eg) respectively in the 

expanded spectrum further justifies the formation of the complex. 
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Figure 8: The UV-Vis spectra of the ligands, metal salt and H4[Cu2(R
2-

)2(R
-
)4Ac2] with expanded 

spectra. 

The band in the H4[Cu2(R
2-

)2(R
-
)4Ac2] complex assigned to C=C (π→π*) at 279 nm was shifted 

to longer wavelength by 13 nm to 292 nm upon coordination of ethylenediamine. This red shift 

is due to the decreasing of the energy gap between π and π* as a consequence of the decreasing 



25 
 

in electron density on π bonding molecular orbital following coordination of ethylenediamine. 

As indicated in Figure 8 and 9, the bands from the spectrum of H4[Cu2(R
2-

)2(R
-
)4Ac2]  at 335 nm, 

345 nm and 385 nm  are due to π →π* (C=O), n →π* (C=O) transition and metal to ligand 

charge transfer respectively. The second band shifted to 350 nm in the spectrum of H4[Cu2(R
2-

)2(R
-
)4enAc]. Besides, H4[Cu2(R

2-
)2(R

-
)4enAc] exhibited non-ligand band in the expanded 

spectrum of visible region at 701 nm attributed to d-d transition(
2
T2g→

2
Eg). 
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Figure 9: The UV-Vis spectra of the ligands, metal salt and H4[Cu2(R
2-

)2(R
-
)4enAc] with 

expanded spectra. 

The bands from the spectrum of H4[Cu2(R
2-

)2(R
-
)4] at 281nm and 326 nm corresponding to π 

→π* (C=C) transition and metal to ligand charge transfer are shifted to 274 nm and 330 nm in 

the spectrum of H8[Cu2(R
2-

)6en2] respectively indicates the coordination of ethylenediamine as 
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shown in Figure 10. The red shift is due to the decreasing of the energy gap between π and π* as 

a consequence of the decreasing in electron density on π bonding molecular orbital. The band at 

270 nm from free ethylenediamine attributed to n →σ* (C-N) shifted to 281 nm in H8[Cu2(R
2-

)6en2] following coordination of ethylenediamine. The presence of non-ligand band from the 

expanded spectrum of H8[Cu2(R
2-

)6en2]  at 543nm attributed to d-d transition(
2
T2g→

2
Eg). 
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Figure 10: The UV-Vis spectra of the ligands, metal salt and H8[Cu2(R
2-

)6en2] with expanded 

spectra. 

 

 

The bands from the spectrum of H4[Cu2(R
2-

)2(R
-
)4], 222 nm, 281 nm and 326 nm are shifted to 

225 nm, 284 nm and 338 nm in the spectrum of H8[Cu2(R
2-

)6en] respectively are attributed to π 

→π* (C=C) transition, n →π* transition and metal to ligand charge transfer indicates the 

coordination of ethylenediamine see Figure 11. Additionally, the band from the spectrum of 
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H8[Cu2(R
2-

)6en2] at 330 nm is shifted to 338 nm indicates the coordination of ethylenediamine by 

two ends. The red shift is due to the decreasing of the energy gap between π and π* as a 

consequence of the decreasing in electron density on π bonding molecular orbital following 

coordination of ethylenediamine by two ends. The presence of non-ligand band from the 

expanded spectrum of H8[Cu2(R
2-

)6en]  at 479 nm attributed to d-d transition(
2
T2g→

2
Eg) is 

different from the spectrum H8[Cu2(R
2-

)6en2]. 
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 Figure 11: The UV-Vis spectra of the ligands, metal salt and H8[Cu2(R
2-

)6en] with expanded 

spectra. 

 

The UV-Visible absorption spectrum of free resorcinol showed two absorption bands at 274 nm 

and 326 nm attributed to π →π* (C=C) transition and n →π* transition were shifted to 230 nm 

and 276 nm in the spectrum of Na8[Cu2(R
2-

)6]. The UV-Visible absorption spectrum of 
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CuCl2.2H2O salt at 331 nm, 347 nm and 377 nm attributed to MLCT were shifted to 326 nm, 340 

nm and 385 nm indicates the coordination of resorcinol to the metal center. Figure 12 shows, the 

presence of intense peak different from the starting materials at 501nm attributed to d-d 

transition (
2
T2g→

2
Eg) further confirms the formation of the complex.  
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Figure 12: The UV-Vis spectra of the ligands, metal salt and Na8[Cu2(R
2-

)6]. 
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Table 4: The UV-Vis spectral results of the ligands, metal salt and the synthesized complexes in 

ethanol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compounds Absorption  

Bands (nm) 

Type  

of transitions 

Resorcinol 274, 326 π→π*(C=C), n→π* 

Ethylenediamine 270 n →σ* (C-N) 

Acetone 321, 345 π→π*(C=C),n→π*(C=O) 

CuCl2.2H2O 331,347,377 LMCT 

 

H4[Cu2(R
2-

)2(R
-
)4] 222,281 

326 

484 

π→π*(C=C) 

LMCT 

d-d Transition (
2
T2g→

2
Eg) 

H4[Cu2(R
2-

)2(R
-
)4Ac2] 279,335 

345,385 

655 

π→π*(C=C),π→π*(C=O) 

n→π*(C=O), LMCT 

d-d Transition(
2
T2g→

2
Eg) 

H4[Cu2(R
2-

)2(R
-
)4enAc] 292,335 

350,385 

701 

π→π*(C=C),n→π*(C=O) 

n→π*(C=O), LMCT 

d-d Transition(
2
T2g→

2
Eg) 

H8[Cu2(R
2-

)6en2] 222,281 

330 

543 

π→π*(C=C) 

LMCT or MLCT 

d-d Transition(
2
T2g→

2
Eg) 

H8[Cu2(R
2-

)6en] 225,284 

338 

479 

π→π*(C=C) 

LMCT or MLCT 

d-d Transition(
2
T2g→

2
Eg) 

Na8[Cu2(R
2-

)6] 

 

230,276 

340,385 

501 

π→π*(C=C) 

LMCT or MLCT 

d-d Transition(
2
T2g→

2
Eg) 
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4.2.3.  FT-IR spectra of the ligands and the Cu (II) complexes 

The characteristic bands in free resorcinol at 3250 cm
-1

(s), 3018 cm
-1

 and 1613 cm
-1

(s) are due to 

(O-H),(C-H) and (C=C), respectively, are shifted to 3327 cm
-1

(s), 3002 cm
-1

 and 1604 cm
-1

(s), in  

H4[Cu2(R
2-

)2(R
-
)4] complex see Figure 13 and 14. The broadness of the band at 3327 cm

-1 
(s and 

b) in H4[Cu2(R
2-

)2(R
-
)4] is presumably corresponding to the free O-H stretching of R

- 
(which may 

be form hydrogen bonding) or water of crystallization exist due to hygroscopic nature of the 

complex. The full deprotonation for the two bridging resorcinolate anions was achieved in THF. 

In addition to negative inductive effect to the ring system, when the free ligand resorcinol 

approaches to the metal ion via coordinate covalent bond formation, the bond between oxygen 

and hydrogen (O-H) weakens and increases the acidity of resorcinol. At that moment, the lone 

pair of oxygen atom assisted by two alkyl groups of THF abstracts a proton. This phenomenon is 

due to the acidic nature of resorcinol bind with a metal ion.  
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   Figure 13: The IR spectrum of Resorcinol 
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Figure 14: The IR spectrum of H4[Cu2(R
2-

)2(R
-
)4]. 

Besides, the presence of new peak around 1747cm
-1 

(m) which is absent from IR spectrum of 

resorcinol (ligand) may be corresponding to the double bond redistribution around the ring and 

oxygen atom forms a C=O (phenolate ion) intermediate due to the presence ofπ* molecular 

orbital of the ligand resorcinolate leads toπ back bonding forms (C=O) double bond. And also 

the characteristic bands in free resorcinol at 1152 cm
-1

(s), 1295cm
-1

(m) and 1379 cm
-1

(w) 

corresponding to C-O, are shifted to1165 cm
-1

(s), 1305cm
-1

(m) and 1385cm
-1

(w) respectively 

[37,38]. Such phenomenon indicates the coordination of resorcinolate with Cu (II) metal. 

Identification of peaks for υ (M-O) is difficult because these bands can be observed at any value 

between (400-800) cm
-1

. But, the new band found in the spectrum of the complex H4[Cu2(R
2-

)2(R
-
)4] lie 645cm

-1
 is not present in the spectrum of resorcinol attributed to ν(M-O).  
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The coordination of acetone to H4[Cu2(R
2-

)2(R
-
)4] to get H4[Cu2(R

2-
)2(R

-
)4Ac2] was confirmed by 

the appearance of new bands at 2961 cm
-1

(s) and 1680 cm
-1

(m) are corresponding to sp
3
(C-H 

stretching) and (C=O) respectively as shown in Figure 15. Bond formation between the oxygen 

of the acetone molecule and the metal ion weakens the C=O bond to some extent, causing a 

smaller force constant and a lowering of the stretching frequency. The C=O vibration of free 

acetone at 1718 cm
-1

 shifted to 1677 cm
-1

 up on complexation  [27]. In this case it appears 

at1680 cm
-1

.  
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Figure 15: The IR spectrum of H4[Cu2(R
2-

)2(R
-
)4Ac2]. 

The characteristic bands in H4[Cu2(R
2-

)2(R
-
)4] complex at 3327 cm

-1
(s&b), 1747 cm

-1
(m), 1604 

cm
-1

(s), 1490 cm
-1

(s), 1165 cm
-1

(s) and 645 cm
-1

(w)  are due to (O-H), (C=O), (C=C), (C-H 

bending),  (C-O) stretching and (M-O)  respectively, are shifted to 3394 cm
-1

(s&b), 1760 cm
-

1
(w), 1613 cm

-1
(s), 1502 cm

-1
(s), 1160 cm

-1
(s) and 629 cm

-1
(w)  in H4[Cu2(R

2-
)2(R

-
)4Ac2] 
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complex. The weakness of the band at 1680 cm
-1

(w) for H4[Cu2(R
2-

)2(R
-
)4Ac2] is due to the 

symmetrical nature of the complex leads to decrease change in dipole moment. Bonding between 

the metal ions and the acetone molecules takes place, presumably, via one of the oxygen lone 

pairs, which means that the C-O-M angle will be about 120" [27]. 

The FTIR spectrum of free ethylenediamine was used for comparison as shown in Figure16.  
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Figure 16: The IR spectrum of Ethylenediamine. 

 

The coordination of ethylenediamine to H4[Cu2(R
2-

)2(R
-
)4Ac2]  to get H4[Cu2(R

2-
)2(R

-
)4enAc] 

was confirmed by the appearance of new bands at 1040 cm
-1

(m)  and strength of 1680 cm
-1

(s) for 

H4[Cu2(R
2-

)2(R
-
)4enAc] are corresponding to (C-N) and (C=O) respectively indicates 

coordination of ethylenediamine. Figure 17 shows, the peak 1680 cm
-1

(w) weak for H4[Cu2(R
2-

)2(R
-
)4Ac2] resolves after the coordination of ethylenediamine by substitute one acetone 

molecule. The characteristic bands in H4[Cu2(R
2-

)2(R
-
)4] complex at 3327 cm

-1
(s & b),1747cm

-
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1
(m), 1604 cm

-1
(s), 1490 cm

-1
(s), 1165cm

-1
(s) and 645 cm

-1
(w)  are due to (O-H), (C=O), (C=C), 

(C-H bending),  (C-O) stretching and (M-O)  respectively, are shifted to 3394 cm
-1

(s & b), 1760 

cm
-1

(w), 1613 cm
-1

(s), 1502 cm
-1

(s), 1160 cm
-1

(s) and 615 cm
-1

(w)  in H4[Cu2(R
2-

)2(R
-
)4enAc] 

complex. As well as a new band from the spectra of H4[Cu2(R
2-

)2(R
-
)4enAc] appears at 489 cm

-

1
(w) is corresponding to (M-N). Very weak bands at 3271 cm

-1
(w) and 3189 cm

-1
(w) are 

attributed to primary amine (N-H) stretching indicates the coordination of ethylenediamine to 

H4[Cu2(R
2-

)2(R
-
)4Ac2]. The weakness of such bands is due to overlapping (obscure) with broad 

peak corresponding to (O-H) stretching. 

4000 3500 3000 2500 2000 1500 1000 500

48

50

52

54

56

58

60

62

64

66

%
T

cm-1

 H4[Cu2(R
2-)2(R

-)4enAc]

1760

C=O
3394

O-H

2961

C-H

1613

C=C
1502

C-H bending

1160

C-O

1375

C-O

1040

C-N

629

Cu-O

489

Cu-N

3271

3180

N-H

1310

C-N

 

Figure 17: The IR spectrum of H4[Cu2(R
2-

)2(R
-
)4enAc]. 

The formation of H8[Cu2(R
2-

)6en2] from H4[Cu2(R
2-

)2(R
-
)4] is confirmed by the presence of new 

bands at 3436 cm
-1

(s), 3341 cm
-1

(s) corresponding to primary amine (N-H) stretching and 1028 

cm
-1

(m) attributed to (C-N)stretching Figure 18. The characteristic bands in H4[Cu2(R
2-

)2(R
-
)4]at 

1604 cm
-1

(s) due to (C=C)stretching, 1490 cm
-1

(s) (C-H) bending and 1385 cm
-1

(w), 1305 cm
-

1
(m) and 1165 cm

-1
(s) attributed to (C-O)stretching are shifted to 1604 cm

-1
(m),1534 cm

-1
 (m), 
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1360 cm
-1

 (m), 1246 cm
-1

 (w) and 1159 cm
-1

 (w) respectively in the spectrum of H8[Cu2(R
2-

)6en2] indicates the coordination of ethylenediamine. Identification of peaks for υ (M-O) is 

difficult because these bands can be observed at any value between 400 cm
-1 

& 800 cm
-1

. But, 

the band in the spectrum of the complex H4[Cu2(R
2-

)2(R
-
)4] lie 645 cm

-1
(m) is shifted to 600 cm

-

1
(m) attributed to ν(M-O) and new band present in the spectrum of H8[Cu2(R

2-
)6en2] at 504 cm

-

1
(m) but, absent in the spectrum of H4[Cu2(R

2-
)2(R

-
)4]  attributed to ν(M-N).  
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Figure 18: The IR spectrum of H8[Cu2(R
2-

)6en2]. 

The formation of H8[Cu2(R
2-

)6en] from H4[Cu2(R
2-

)2(R
-
)4] is confirmed by the presence of new 

bands at 3140 cm
-1

(s), 3045 cm
-1

(s) corresponding to primary amine (N-H) stretching and 1020 

cm
-1

(m) attributed to (C-N)stretching Figure 19. The characteristic bands in H4[Cu2(R
2-

)2(R
-
)4] at 

3002 cm
-1

(m) due to (C-H)stretching,1604 cm
-1

(s) due to (C=C)stretching, 1490 cm
-1

(s) (C-H) 
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bending and 1385 cm
-1

(w), 1305 cm
-1

(m) and 1165 cm
-1

(s) attributed to (C-O)stretching are 

sifted to 2992 cm
-1

(m), 1592 cm
-1

 (s),1508 cm
-1

 (s), 1360 cm
-1

 (w), 1310 cm
-1

 (w) and 1141 cm
-1

 

(w) in the spectrum of H8[Cu2(R
2-

)6en] indicates the coordination of ethylenediamine. 

Identification of peaks for υ (M-O) is difficult because these bands can be observed at any value 

between 400 cm
-1 

& 800 cm
-1

. But, the band in the spectrum of the complex H4[Cu2(R
2-

)2(R
-
)4] 

lie 645 cm
-1

(m) is shifted to 580 cm
-1
(m) attributed to ν(M-O) and new band present in the 

spectrum of H8[Cu2(R
2-

)6en]at 504 cm
-1

(w) but, absent in the spectrum of H4[Cu2(R
2-

)2(R
-
)4]  

attributed to ν(M-N). 
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Figure 19: The IR spectrum of H8[Cu2(R
2-

)6en]. 
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The characteristic bands in free resorcinol at 3250 cm
-1

(s), 1613 cm
-1

(s) and 1492 cm
-1

 due to 

(O-H), (C=C) and (C-H bending) respectively, are shifted to 3424 cm
-1

(s), 1579 cm
-1

(m & 

twisted), and 1467 cm
-1 

in the spectrum of Na8[Cu2(R
2-

)6] complex as shown in Figure 20. And 

also the characteristic bands in free resorcinol at 1152 cm
-1

(s), 1295 cm
-1

(m) and 1379 cm
-1

(w) 

corresponding to C-O, are shifted to1143 cm
-1

(s), 1244 cm
-1

 and 1304 cm
-1

. Additionally, new 

band found in the spectrum of the complex Na8[Cu2(R
2-

)6] lie 647 cm
-1

 is not present in the 

spectrum of resorcinol belongs to ν(M-O). The broadness of the band at 3424 cm
-1 

(s and b) in 

Na8[Cu2(R
2-

)6] is presumably due to water of crystallization exist due to hygroscopic nature of 

the complex and water of KBr. 
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Figure 20: The IR spectrum of Na8[Cu2(R
2-

)6]. 

The characteristic IR frequencies of resorcinol and the synthesized complexes are listed in table 

5 below.    
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Table 5: The characteristic IR frequencies of ethylenediamine, resorcinol and the complexes. 

 
Compound Absorption frequencies (cm

-1
) 

(O-H) (C-H) (C=C) (C-O) v(C=O) 

 

v(N-H) 

 

v(C-N) v(Cu-

O) 
(Cu-N) 

 

Ethylenediami

ne 

- 2940 
1580 

(s) 

- - - 3446 (s) , 
3366(s) 

1120 
(w),14

14(s) 

- 

 

- 

Resorcinol 3250 

(s & b) 

3018 

(w) 

1613(s) 1152(s) 

1295(m) 

1379(w) 

- - - - - 

 

H4[Cu2(R
2-

)2(R
-
)4] 

3327  

(s & b) 

3002 

(w),14

90(s) 

1604(s) 1165 (s) 

1305(m)  

1385(w) 

1747(m) - - 645 (w) 

 

- 

H4[Cu2(R
2-

)2(R
-
)4Ac2] 

3394 

 (s & b) 

2961 

(s) 

1613(s) 1160(s) 1760(s), 

1680(w) 

- - 629(w) - 

H4[Cu2(R
2-

)2(R
-
)4enAc] 

3394 

 (s & b) 

2961 

(s) 

1613(s) 1160(s) 1760(s) 3271(w)

& 

3180(w) 

1417 

(w),10

40(m) 

629(w) 489 

(w) 

H8[Cu2(R
2-

)6en2] 

- 2992 

(w) 

1604 

(w) 

1159 

(m) 

- 3436(s), 

3341(s) 

1028(

m) 

600(w) 504(w

) 

H8[Cu2(R
2-

)6en] 

- 2992 

(m) 

1592(s) 1141(w) - 3140(s) 1020 

(m) 

580(w) 504 

(w) 

Na8[Cu2(R
2-

)6] 3424 

 (s & b) 

1467 

(s) 

1579(s) 

twisted 

1143(s) - - - 647(w) - 
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4.3. Electrochemical characterization 

The electrochemical behaviour of the ligand and copper (II) complexes were studied by cyclic 

voltammetry (CV) in phosphate buffer solution in scanning window between +1.5 and -1.5 V vs 

Ag/AgCl at scan rate of 0.1 Vs
-1

. In order to classify these redox peaks as ligand-based or metal-

based, the CV of the ligand and the metal salt in water was carried out under the same condition 

and compared with Cu (II) complexes (Figure 21).  

The free ligand resorcinol shows irreversible redox peak at +0.74 V vs Ag/AgCl. However, the 

potential of irreversible oxidation peak for most of synthesized complexes has shifted to less 

positive potential as compared to the free ligand resorcinol indicates the formation of complexes. 

The complexes show ligand-based electrochemical processes because they are resorcinol based 

complexes. In this regard, the peak at +0.74 V vs Ag/AgCl of free resorcinol was shifted to 

+0.65 V, +0.69 V, +0.67 V and +0.70 V vs Ag/AgCl
 
for H4[Cu2(R

2-
)2(R

-
)4], H8[Cu2(R

2-
)6en2], 

H8[Cu2(R
2-

)6en] and Na8[Cu2(R
2-

)6] respectively verifies the formation of synthesized complexes. 

Besides, all shifts are to the less positive potential indicates the synthesized complexes have high 

redox stability. However, the two complexes such as H4[Cu2(R
2-

)2(R
-
)4Ac2]  and H4[Cu2(R

2-
)2(R

-

)4enAc] has no remarkable value due to their water solubility problem. 
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Figure 21:Cyclicvoltamogram of H4[Cu2(R
2-

)2(R
-
)4], H8[Cu2(R

2-
)6en2], H8[Cu2(R

2-
)6en] and 

Na8[Cu2(R
2-

)6] with ligands and reference. 
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4.4.  In vitro antibacterial activity data 

The involvement of metal complexes in medical treatment is of special interest as it is known 

that bacteria can achieve resistance to antibiotics through biochemical and morphological 

modifications [39].In vitro antibacterial activity of the ligands, metal salt, synthesized complexes 

and commercially available drugs (gentamycin) were studied against two gram negative (E.Coil 

& K.pneumonia ) and two gram positive (S.aureus & S. Pyogenes) bacteria described in (Table 

6).  

Table 6: The antibacterial activity of complexes, free ligands, metal salt, solvents and 

commercial antibiotic. 

Compounds 

 

Antibacterial activity(mean zone diameter(mm) ± SD) 

Gram positive bacteria Gram negative bacteria 

S. aurrus 

IZ(mm) 

S. pyogenes 

IZ(mm) 

E. coli 

IZ(mm) 

K. pneumonia 

IZ(mm) 

Resorcinol 11±0.0 12.8± 0.03 8.7± 0.06 9.7±0.06 

Ethylenediamine 15.1 ±0.06 17.1±0.06 16±0.0 12.8±0.03 

Acetone 11.6 ±0.06 12±0.0 8±0.0 0±0.0 

CuCl2.2H2O 21±0.05 17±0.0 19.3±0.03 15.8±0.03 

H4[Cu2(R
2-

)2(R
-
)4] 46±0.05 49±0.5 43±0.0 41.8±0.03 

H8[Cu2(R
2-

)6en2] 48.6±0.06 47.6±0.06 45±0.0 46±0.0 

H8[Cu2(R
2-

)6en] 42.6±0.06 45.3±0.03 41±0.0 42.3±0.03 

Na8[Cu2(R
2-

)6] 

H4[Cu2(R
2-

)2(R
-
)4Ac2] 

H4[Cu2(R
2-

)2(R
-
)4enAc] 

Gentamycin 

Water 

Ethanol 

36±0.0 

31±0.0 

16.3±0.03 

28±0.0 

0±0.0 

0±0.0 

34±0.0 

28±0.0 

21.6±0.06 

38±0.05 

0±0.0 

0±0.0 

35± 0.0 

28±0.0 

23±0.0 

28±0.0 

0±0.0 

0±0.0 

38.3±0.03 

39±0.0 

20.3±0.03 

26±0.0 

0±0.0 

0±0.0 

 

The salt (CuCl2.2H2O) and the free ligands such as resorcinol, ethylenediamine and acetone have 

no remarkable antibacterial activity as compared to the standard antibiotic (gentamycin). But, 

most newly synthesized Cu (II) complexes have higher activity than gentamycin for all tested 
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bacterial strains except H4[Cu2(R
2-

)2(R
-
)4enAc] and H4[Cu2(R

2-
)2(R

-
)4Ac2] (for S.pyogenes) as 

shown Figure in 22, 23 and 24. This indicates the activity of the metal ion against bacteria 

significantly increases upon coordination. The increased activity of the complexes can be 

explained on the basis of Overtone's concept and Tweedy's Chelation theory [40,41].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.  According to Overtone's concept of cell 

permeability, the lipid membrane that surrounds the cell favors the passage of only the lipid 

soluble materials due to which liposolubility is an important factor, which controls the activity. 

Chelation considerably reduces the polarity of the metal ion to a greater extent due to the overlap 

of the ligand orbital and partial sharing of the positive charge of the metal ion with donor groups. 

Further, it increases the delocalization of π-electrons over the whole chelate ring and enhances 

the lipophilicity of the complexes. This increased lipophilicity enhances the penetration of the 

complexes into lipid membrane of bacteria then disturbs the respiration process of the cell and 

blocks protein synthesis. Such phenomena, restricts further multiplicity of the microorganisms 

[16, 42]. 

Furthermore, the mode of action of the compounds may involve formation of a hydrogen bond 

through the R
-
 group with the active centers of cell constituents, resulting in interference with the 

normal cell processes [8]. The variation in the effectiveness of different compounds against 

different organisms depends either on the impermeability of the cells of the microbes or on 

differences in ribosome of microbial cells [40]. Antimicrobial agents interfere with specific 

processes that are essential for growth and division. Particularly, transition metal complexes 

induce microbial cell death is centered on the essential microbial cell function that is inhibited by 

the primary drug-target interaction through intercalation or ligand substitution with the DNA 

base pairs. Antimicrobial agents can be classified based on the cellular component or system 

they affect, in addition to whether they kill bacteria (bactericidal agents) or inhibit cell growth 

but does not kill them (bacteriostatic agents) they act by targeting specific sites of microbes. 

Well known mechanisms of action of antimicrobial agents include;  

 Interference with cell wall synthesis,  

 Inhibition of protein synthesis,  

 Interference with nucleic acid synthesis, 
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  Inhibition of intermediary metabolic pathways and  

 Disruption of the cytoplasm membrane [43].  

 

 

Figure 22: Bar graph for the comparison of antibacterial activity of metal salt, ligands, 

synthesized complexes, and reference antibiotic drug (gentamycin). 
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Note:  

C1 = H4[Cu2(R
2-

)2(R
-
)4]                             R = Resorcinol 

C2 = H8[Cu2(R
2-

)6en2]                               Salt = CuCl2.2H2O 

C3 = H8[Cu2(R
2-

)6en]                                G = Gentamycin 

C4 = Na8[Cu2(R
2-

)6]                                  en = Ethylenediamine 

Figure 23: Inhibition zone of ligands, synthesized complexes, salt, and commercial antibiotic 

against two Gram-positive and two Gram-negative bacteria. 
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Note: 

 C1 = H4[Cu2(R
2-

)2(R
-
)4]                            R = Resorcinol 

C5 = H4[Cu2(R
2-

)2(R
-
)4Ac2]                      G = Gentamycin 

C6 = H4[Cu2(R
2-

)2(R
-
)4enAc]                    en = Ethylenediamine 

Salt = CuCl2.2H2O                                    Ac = Acetone 

Figure 24: Inhibition zone of ligands, synthesized complexes, salt, and commercial antibiotic 

against two Gram-positive and two Gram-negative bacteria. 
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The comparative analysis for the inhibition of the complexes with the reference gentamycin was 

indicated by the percent activity indexes. % activity index for the complexes were calculated by 

using the following formula: 

                 
   

 
     

Where: A – Zone of inhibition (diameter) of test compound  

B – Zone of inhibition (diameter) of reference (gentamycin) 

The result demonstrated that most complexes were very active against bacteria and has greater 

activity than gentamycin See Table- 7.  

Table 7: %Activity index data of the complexes against the tested bacteria as compared to 

Gentamycin 

Compounds  

 

Bacterial strains 

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

  A. index (%) A. index 

(%) 

A. index 

(%)            

A. index (%) 

H4[Cu2(R
2-

)2(R
-
)4] +64.28 +28.94 +53.57 +60.77 

H8[Cu2(R
2-

)6en2] +73.57 +25.26 +60.71 +76.92 

H8[Cu2(R
2-

)6en] +52.14 +19.21 +46.42 +62.69 

H4[Cu2(R
2-

)2(R
-
)4Ac2] 

H4[Cu2(R
2-

)2(R
-
)4enAc] 

Na8[Cu2(R
2-

)6] 

+10.71 

-41.79 

+28.57 

-26.34 

-43.16 

-10.53 

0.0 

-17.86 

+25.0 

+50.0 

-21.92 

+46.15 

Note: (-) = lower antibacterial activity than the commercial antibiotic 

           (+) = higher antibacterial activity than the commercial antibiotic 

4.4.1. Minimum inhibitory concentration 

Minimum inhibitory concentration (MIC) is lowest concentration of an antimicrobial that will 

inhibit the visible growth of a microorganism following overnight incubation, usually reported as 

µg/mL or mg/L [44].The minimum inhibitory concentration (MIC) was determined by using a 

serial dilution method for selected complexes of H4[Cu2(R
2-

)2(R
-
)4] and H8[Cu2(R

2-
)6en] at100 

mg/L, 300 mg/L, 500 mg/L and 700 mg/L concentrations against the four bacterial strains.  
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In this study the minimum inhibitory concentration of H4[Cu2(R
2-

)2(R
-
)4] for S. aurous and 

S.Pyogenes may be around 100 mg/l. But, for E. Coli and K. pneumonia may be around 300 mg/l 

see Table 8. 

Table 8: MIC determination of selected H4[Cu2(R
2-

)2(R
-
)4] complex 

 

Note: (+): bacteria growth and (−): no bacteria growth. 

 

According to the data the minimum inhibitory concentration of H8[Cu2(R
2-

)6en] for S.Pyogenes 

may be around 100 mg/l. But, for S. Aurous, E. Coli and K. pneumonia may be around 300 mg/l 

see Table 9. 

Table 9: MIC determination of selected H8[Cu2(R
2-

)6en]complex 

 

Note: (+): bacteria growth and (−): no bacteria growth. 

 

 

Bacterial strains H4[Cu2(R
2-

)2(R
-
)4]Concentration 

100 mg/L 300 mg/L 500 mg/L 700 mg/L 

S. Aurous - - - - 

S.Pyogenes - - - - 

E. Coli              + - - - 

K. pneumonia + - - - 

Bacterial strains                      H8[Cu2(R
2-

)6en] Concentration  

100 mg/L 300 mg/L 500 mg/L 700 mg/L 

S. Aurous + - - - 

S.Pyogenes - - - - 

E. Coli              + - - - 

K. pneumonia + - - - 
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5. CONCLUSION AND RECOMMENDATION 

5.1. Conclusion 

In this study, novel homobinuclear complexes were synthesized, characterized and spuare planar 

and square pyramidal geometries around the metal center are proposed.  The qualitative chloride 

test verified no ionizable chloride outside the coordination sphere. Besides, the pH values of the 

complexes revealed that they were acidic (Arrhenius type) in nature implying that the hydrogen 

ion acts as a counter ion except Na8[Cu2(R
2-

)6]. According to the pH data, Na8[Cu2(R
2-

)6] is basic 

salt. The metal contents obtained experimentally, via ICP-OES after digesting the complexes in 

strong acid followed by dilution, agreed with the theoretical values of metal estimation. The 

observed shifts in band position and appearance of new non-ligand and ligand based bands in the 

UV-Vis spectra, IR spectra and cyclicvoltamogram confirmed the successful coordination of 

ligands to the metal center in the corresponding complexes. Generally, the information obtained 

from physicochemical, electrochemical and spectroscopic data supports the proposed structures 

of synthesized complexes.  

Finally, the antibacterial screening and comparative study demonstrated that, all synthesized 

metal complexes except H4[Cu2(R
2-

)2(R
-
)4enAc]  (from all tested bacteria) and H4[Cu2(R

2-
)2(R

-

)4Ac2] (from S.pyogenes) exhibited higher antibacterial activity than the commercial antibiotic 

gentamycin. Therefore the complexes become potential alternative antibacterial drugs after their 

in vivo cytotoxicity, pre-clinical and clinical investigations. 

 

5.2.  Recommendation 

Due to the limited availability of other spectroscopic techniques, the structures of newly 

synthesized mixed ligand complexes have been proposed only on the basis of physicochemical 

data, electrochemical data and spectroscopic data such as ICP-OES, UV-Visible, IR and CV.  

Hence the structure of complexes could be further studied with the advanced spectroscopic 

techniques such as X-ray crystallography, NMR, Mass spectroscopy and TGA. 

The antibacterial activity of most of the synthesized complexes exhibited significant activity 

against all tested bacterial strains. So, the newly synthesized Cu (II) complexes could be further 

studied against many other bacterial and fungal strains. Besides, due to limited resources, the 

minimum inhibitory concentrations for all synthesized complexes were not determined. 
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Therefore, it could be done for all synthesized complexes with a closer concentration by 

considering this study as baseline information.    

Since the in vivo activities of the complexes were not studied. So, the in vivo cytotoxicity 

investigation, pre-clinical and clinical tests must also conduct. After these, the newly synthesized 

complexes could be considered as potential antimicrobial agent. 
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7. APPENDIXES 
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Appendix 1: The overlapped IR spectra of ligands and all synthesized complexes. 
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Appendix 2: The overlapped Uv-Visible spectra of CuCl2, free ligands and all synthesized 

complexes. 
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Appendix 3: Cyclicvoltamogram of H4[Cu2(R
2-

)2(R
-
)4] and Na8[Cu2(R

2-
)6] with ligands and 

reference. 
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Appendix 4: Cyclicvoltamogram of H8[Cu2(R
2-

)6en2] and H8[Cu2(R
2-

)6en] with ligands and 

reference. 
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Appendix 5: Inhibition zone of the solvents used (Water and Ethanol) against two Gram-positive 

and two Gram-negative bacteria used for comparison. 

 

 
Appendix 6: ICP-OES data of complexes obtained from measurement with respect to the 

standards. 
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