
ABSTRACT
New (E)-4-((4, 5-diphenyl-1H-imidazole-2-yl)diazenyl)-N, N-diethylaniline (DPIED) ligand was synthesized by coupling 
reaction between N1, N1-diethyl benzene-1, 4-diamine, and 4, 5-diphenyl imidazole, and characterized by mass, and 1HNMR. 
The coordination behavior of this ligand was studied with Co(II), Ni(II), Cu(II), and (IIB.) ions utilizing Fourier-transform 
infrared (FTIR), ultraviolet–visible (UV-Vis), community health nursing (CHN), Atomic Absorption, Magnetic susceptibility, 
and molar conductivity, as well as the optimal pH and the effect of time on the stability of the complexes, were studied. Also, 
the values of stability constants were calculated depending on the mole ration (M:L), which was equal to (1:2). The previous 
results referred to suggested the octahedral shape for all of the complexes in which (DPIED) behaved as bidentate give a general 
formula [M (DPIED)2Cl2]. Finally, the ligand and its complexes were shown good inhibition ability towards Escherichia coli 
comparing with Staphylococcus aureus and Klebsiella pneumonia. 
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INTRODUCTION
The researchers have recently been interested in the fabrication 
and characterization of imidazole azo compounds due to 
their high efficiency as analytical reagents,1 which can 
be used to determine trace concentrations of elements in 
multiple samples2 as well as their biological importance as an 
anticancer,3,4 antibacterial,5 antioxidant and antifungal,6 as 
well as an inhibiter to COVID-19.7

In the field of coordination chemistry, those compounds 
were shown to coordinate with a variety of metal ions as mono, 
and multidentate to produce tetradentate, square planer, and 
octahedral as common shapes.8-10 Imidazole molecule contains 
π* orbitals, which enable backward bonding, making more 
stability to the coordination process with metal ions in their 
lower oxidation states, also it contains azo imine (-N=N-C=N-) 
system, which make this type of azo compounds behave as 
(π-acidic).11 

The goal of this research is to synthesize a new azo ligand 
as a derivate of 4, 5-diphenyl imidazole, then investigate 
its coordinates with six divalent metal ions (Co (II),  
Ni (II), Cu (II), and IIB.), as well as their biological activity 
toward three types of multidrug-resistant pathogenic  
bacteria.
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The Chemicals and Instruments
Merck, Thomas Baker, and Himedia chemical companies 
provided the chemical compounds and the solvents with 
excellent purity.

The mass spectrum was recorded using an AB SCIEX 
3200 QTRAP mass analyzer. In contrast, the electronic 
spectra were obtained using a Shimadzu UV-1650 UV-Vis 
Spectrophotometer, Japan, and the IR spectra were recorded 
using a Shimadzu FTIR 8400 and a KBr disk at the range of 
400–4000 cm. The element analysis was performed with a 
Costech E.C.S. Elemental 4010, and the molar conductivity 
were determined with a 720 (WTW) spectrometer. 1HNMR 
spectra in the dimethyl sulfoxide-d6 (DMSO-d6) solvent 
were acquired with a Bruker Avance-111 300 MHz NMR 
Spectrometer.

Synthesis of (DPIED) Ligand
1.64 gm of N1, N1-diethyl benzene-1, 4-diamine was dissolved 
in 20 mL of distilled water, then 3 mL of hydrochloric acid was 
added to this solution, that was then transported to an ice bath, 
and then 10 mL of 10% NaNO2 solution was added drop by 
drop to the previous solution to produce a diazonium salt that 
stabilized between 0 to 5oC in the ice bath for 20 to 30  minutes. 
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This solution was added gradually to the ethanolic solution of 
4, 5-diphenyl imidazole, which was prepared by dissolving 
2.20 gm of in 20 mL of ethanol, and an orange precipitate of 
(DPIED) appeared at the end of the addition, which then was 
filtered, left to dry, and recrystallized, as shown in Scheme 1.

Synthesis of (DPIED) Solid Complexes
The complexes were created with the mole ratio of (1:2)  
(M: DPIED) in the optimum pH of each one of them by 
adding drops of 10 mmole of each metal ion salt solution, 
which was dissolved in the puffer solution to 20 mmole of 
ethanolic solution of ligand (DPIED) until the complexes 
were precipitated, after that filtered, dried, and purified by 
recrystallization with hot ethanol, as shown in Schemes 2 and 3.

Preparation of Standard Solution of (DPIED) and Its 
Complexes:
The standard solution of DPIED was produced at a concentration 
of (10-3) M by dissolving (0.395) gram of the solid ligand in 
100 mL of ethanol, as well as the other concertations used in 
this study, were prepared using a dilution process from this 
standard ligand solution. In contrast, the traditional solutions 
for each metal ion were created by dissolving the solid 
Zn(CH3COO)2 salt and the chloride salts of the other metal ions 
in 100 mL of optimal buffer solutions; diluted concentrations 
were formed by dilution from the standard solution. 
Antibacterial Activity Testing
Ramalivhana et al.,12 demonstrated how to manufacture bacterial 
cultures; the agar well diffusion method was used to test the 
antibacterial activity of free ligand (DPIED) and the complexes 
towards three types of isolated bacteria (Escherichia coli, 
Staphylococcus aureus, and klebsiella pneumonia). The free 
ligand (DPIED) biological activity and the complexes versus 
bacterial isolates were evaluated using the MHA medium.

Bacterial isolate suspensions were produced to match 
the 0.5 McFarland standard using a micropipette, distribute  

100 μL of B.H.I.B. bacterial suspension on the surfaces of the 
M.H.A. plate. All of the culture plates had wells perforated 
using a sterile cotton ball. A total of 100 μL of Gentamicin was 
added as a positive control; 100 μL l of DMSO was used as a 
negative control in the other well, and (100) μL of free ligand 
and complexes were added alone in the four residual wells.  
The cultivation plates were incubated at 37°C for 24 hours.  
The cleared zone of inhibition around wells has been measured 
in millimeters; also, the tests were carried out in triplicate

RESULTS AND DISCUSSION
1HNMR spectra of the free ligand in DMSO-d6 solvent 
exhibited a signal (s, 1H, -N.H.-) of the heterocyclic imidazole 
ring13 at (12.546) ppm, while the signals between 7.947 to 
6.834 ppm (m, Ar-H) for the protons of aromatic rings.14,15

Finally, two signals have appeared at 3.364 ppm and 
1.159 ppm due to (q, 2H, -CH2-), and (t, 3H, -CH3) respectively 
of ethyl groups, as shown in the Figure 1.

The mother peak of (DPIED) ligand in mass spectra was 
found at m/z = 595.3, which was consistent with the ligand’s 
molecular weight., The fragmentation was based on two primary 
paths: the first began with the loss of (N2) molecule at m/z = 367.3, 
then continued and gave the pass peak for 4, 5-diphenyl 
imidazole at m/z = 220,16 and the second began with degradation 
of (-N(C2H5)2) at m/z= 324.3, then [C25H25N3].+ fragment 
was dissociated into [C15H12N4].+, and [C6H6].+ fragments at  
m/z = (248.2, 78.1), respectively as shown in ure Figure 2, and 
Scheme 3.

The practical values of C.H.N. were observed to agree 
with the calculated, and the percentage of metal ions in the 
complexes determined by Atomic Absorption coincided with 
their theoretical ones, as shown in Table 1, confirming the 
molecular formula of the ligand and the complexes. 

The electronic spectra of (DPIED) revealed three peaks in 
ethanol solvent at (283) and (293) nm due to (π–π*) of aromatic 
ring transitions, while the third peak which appeared at (481) nm 
referred to Intermolecular Charge Transfer (I.M.C.T.) as seen in 
Figures (3–5) for the ligand and some of it, s complexes and Table 2.

The redshift in the complexes is due to (M.L.C.T.) 
transitions after the coordination process, whereas (d-d) 

Scheme 1: (DPIED) ligand synthesis reaction
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Scheme 2: (DPIED) complexes synthesis reaction
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Scheme 3: Mass fragmentation of (DPIED)
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Figure 1: 1HMNR Spectra of (DPIED) ligand in DMSO-d6 solvent

 

Figure 2: Mass spectra of (DPIED)

Table 1: Element analysis, and some of physicochemical properties of (DPIED) and its complexes.

Found (calculated)Melting 
point (°C) Color 

Molecular 
weight 

Compound
(Molecular Formula) %CN%H%M

75.94
(75.92)

17.70
(17.71)

6.35
(6.37) 

—165–168Orange395.51DPIED 
C25H25N5

65.05
(65.07)

15.21
(15.18)

5.70
(5.68)

6.41
(6.39)

150–155Violet922.87[Co(DPIED)2Cl2] 
C50H52Cl2CoN10

65.11
(65.09)

15.16
(15.18)

5.68 
(5.68)

6.37
(6.36) 

182–185Dark violet922.63[Ni(DPIED)2Cl2] 
C50H52Cl2N10Ni

64.77
(64.75)

15.12
(15.10)

5.63
(5.65)

6.88
(6.85) 

175–178Dark violet927.48[Cu(DPIED)2Cl2] 
C50H52Cl2CuN10

66.44
(66.42)

14.31
(14.34)

6.01
(5.99)

6.72
(6.70) 

250>Red976.50[Zn(DPIED)2(CH3COO)2] 
C54H58N10O4Zn

61.48
(61.51)

14.37
(14.35)

5.38
(5.37)

11.49
(11.51) 

160–163Red976.35[Cd(DPIED)2Cl2] 
C50H52CdCl2N10

56.38
(56.41)

13.19
(13.16) 

4.90
(4.92)

-----182–185Dark Red1064.53[Hg(DPIED)2Cl2] 
C50H52Cl2Hg N10

Figure 3: Uv-Vis. Spectrum of (DPIED)

 

Figure 4: Uv-vis spectrum of Co(DPIED)2Cl2

 
Figure 5: Uv-vis spectrum of Ni(DPIED)2Cl2

Table 2: Type of electronic transitions, and values of  
(ʎmax) in (nm), and (cm-1) unites

ν (cm-1)
ʎmax 
(nm)

Type of electronic 
transitionCompound

20790481ILCTDPIED
19569511MLCTCo(II)
19011526MLCTNi(II)
18726534MLCTCu(II)
20491488MLCTZn(II)
19920502MLCTCd(II)
19531512MLCTHg(II)
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transitions did not emerge due to their lower intensity compared 
to charge transfer.

The FTIR spectrum of (DPIED) revealed v(N-H) of the 
heterocyclic imidazole ring17-19 at (3417) cm-1, which had no 
significant change in the complexes spectra, that referred to the 
nihility of nitrogen number (1) in the coordination, and the same 
concept has been applied to the v(C-H) aromatic, and aliphatic 
at (3059) cm-, and (2993–1818) cm-, v(C=N) of imidazole20 

appeared at (1506) cm-1. It was shifted to lower frequencies 
in the complexes, which supported the coordination process 
through nitrogen atom number (3), also as a result of sharing 
one of the nitrogen atoms in the coordination, the frequencies 
of v(N=N)21-24 at 1450 cm-1 suffered from significant changes 
in position and intensity in the complexes, and new peaks 

Table 3: IR frequencies values of functional groups of (DPIED) and its complexes (cm-)

M-N))νN=C-C=N))ν
C-N))ν
Imidazole ringN=N))ν

ν (C=N) Imidazole
ringCompound

1408 m1247m, 1274m1136m1450m1506mDPIED
445w1249m, 1276m1147m1446m1512mCo(II)Complex
443w1251w, 1269w1147m1444m1513mNi(II)Complex
459w1247w, 1273w1149m1445m1489mCu(II)Complex
435w1254w, 1267w1145m1440m1616mZn(II)Complex
441w1249w, 1273w1142m1446m1508mCd(II)Complex
408w1255m, 1267m1140m1443m—Hg(II)Complex

appeared in the complex spectra at (408–459) cm- due to the 
v(M-N)25,26 as shown in Figures 6 to 8 and Table 3.

The values of optimum pH for the complexation medium 
were measured between (pH= 5–10), the results are obvious 
that Co(II) and Ni(II) complexes formed at pH=8, while Cu(II) 
and (IIB.) complexes formed at pH=7 as shown in the Figures 9 
and 10, these values attest to the basicity of imidazole ring in 
the ligand molecule.

Calibration curves representing the relationship between 
absorbance and concentration were drawn for the complexes, 
and the concentration that obeyed Lambert-Law Beer’s for 
the complexes were found between (0.1×10-4–2×10-4) M, with 
values of R2 =(0.9964, 0.9964, 0.9985, 0.9986, 0.9984, 0.9985) 
for Co(II), Ni(II), Cu(II), Zn(II), Cd(II), and Hg(II) complexes 
respectively, as shown in the Figures 11 and 12.

The Mole Ratio method was used to estimate the number 
of (DPIED) molecules that coordinated with each central 
metal ion in the complex; the cross point of lines contacts in 
the mole ratio curve alluded to a ratio (M: (DPIED)) of (1:2) 
in all of the complexes, (i.e., two (DPIED) molecules were 
coordinated to the metal ion inside the coordination sphere as 
seen in Figures 13 and 14.

The effect of stability time of the complexes was studied 
by measuring the absorbance of all complexes from the 
moment of mixing the solution of each metal ion with the 
solution of the ligand to (145) minutes. Then the values of 
absorbance were also measured after 24 hour, The results 
refer to the high stability of the complexes, as shown in the  
Figure 15.

Stability constants of the complexes were calculated 
according to the following equations:

Figure 6: FT-IR spectrum of (DPIED)

Figure 7: FT-IR of Zn(DPIED)2Cl2 Figure 8: FT-IR of Cd(DPIED)2Cl2
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Figure 10: Optimum (pH) of Zn(II), Cd(II), and Hg(II) complexes

Figure 12: Calibration curve of Zn(II), Cd(II), and Hg(II) complexes

Figure 14: Mole Ratio curve of Zn(II), Cd(II), and  
Hg(II) complexes with (DPIED)

Figure 9: Optimum (pH) of Co(II), Ni(II), and Cu(II) complexes

Figure 11: Calibration curve of Co(II), Ni(II), and Cu(II) complexes

Figure 13: Mole Ratio curve of Co(II), Ni(II), and  
Cu(II) complexes with (DPIED)

Figure 15: Effect of time on the absorbance of the complexes

M: Metal ion n: No. of coordinated ligands 
L: Ligand α: Degree of dissociation C: Concentration of ligand 

 
When Am: Value of the complex absorption in the Mole Ratio.
 An s: Value of the complex absorption with increasing ligand 
concentration.

The values of stability constants established that all of the 
complexes have a high amount of stability; also, the values of the 
first serious of metal ion complexes agreed with Irving -Williams,  
as shown in the Table 4. 

The molar conductivity values for the complexes with a 
concentration of 10-3 M in both ethanol and DMSO solvents 
indicate that they were non-ionic,27-30 supported by the 
absence of AgCl2 precipitation when a drop of AgNO3 solution 
was added to the complex’s solutions., according to these 
observations, chloride ions are connected with a central metal 
ion inside the coordination sphere. The magnetic susceptibility 
measurements of the complexes demonstrated a diamagnetic 
character for Zn(II), Cd(II), and Hg(II) complexes, revealing 
an electronic configuration n-1(d10) (t2g6eg2) of these ions’ 
outer shells. In contrast, the value (4.62) B.M of Co(II) complex 
owing to three unpaired electrons supported the electronic 
configuration (t2g5eg2) of the distorted octahedral shape of this 
complex, while the value (2.82) B.M of Ni(II) complex due to the 
two unpaired electrons in the outer shell which have a (t2g6eg2) 
for an octahedral geometry. Finally, the value 1.74 B.M four 
Cu(II) complex indicated the distorted octahedral geometry 
with one electron in the outer shell of cupper divalent ion,31  
as shown in the Table 5 (Tables 16 and 17).

The complexes offered structures are an octahedral 
(DPIED) ligand behaved as bidentate through nitrogen atom 
(3) of the heterocyclic imidazole ring. One nitrogen atom 
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of the azo group formed a five-member with the central 
metal ion, Acetate ions in the Zn (II) complex, and chloride 
ions in the alkali metal complex occupied the offal two  
coordination

The biological activity of DPIED and its synthesized 
complexes were tested against three species of bacteria 
(E. coli, S. aureus and K. pneumonia) using a concentration 
of (100 mg/mL) in DMSO solvent for all of these compounds.

The results were summarized in Figure 18, which 
demonstrated all the complexes having a better ability to 
inhibit than the free ligand, owing to the complexes’ proclivity 
for breaking open. DNA bands of the bacterial cells through 
the electrostatic connections, The following that’s how the 
biological activity of the ligand (DPIED) and the complexes 
were explained: 
Hg(II) Complex > Cd(II) Complex > Cu(II) Complex > Co(II) 
Complex > Ni(II) Complex > Zn(II) Complex > (DPIED

CONCLUSION
New heterocyclic imidazole azo ligand (DPIED) was prepared, 
and its coordination nature was studied with Co(II), Ni(II), 
Cu(II), and (IIB.) ions, which indicated the formation of 

Table 4: Values of (Am), (As), α, K (stability), and log (K) of the Complexes

Log KK(mole-.L2)αAsAm
Compound
(M:L)(1:2)

14.2981.990×10140.0050.5410.544[Co(DPIED)2Cl2]
14.9659.231×10140.0030.5760.578[Ni(DPIED)2Cl2]
15.7635.805×10150.0010.6140.615[Cu(DPIED)2Cl2]
13.8967.887×10130.0060.5840.588[Zn(DPIED)2(CH3COO)2]
13.4692.949×10130.0090.5250.530[Cd(DPIED)2Cl2 ]
12.9538.983×10120.0140.4220.428[Hg(DPIED)2Cl2]

Table 5: Molar Conductivity values and Magnetic  
susbtibility of (DPIED) complexes

Compound 
Molar Conductivity

 µ, eff.Ethanol DMSO 
[Co(DPIED)2Cl2] 14.1 12.5 4.62
[Ni(DPIED)2Cl2] 13.5 12.3 2.82
[Cu(DPIED)2Cl2] 13.0 11.8 1.74
[Zn(DPIED)2(CH3COO)2] 14.6 13.5 Diamagnetic
[Cd(DPIED)2Cl2] 13.8 12.7 Diamagnetic
[Hg(DPIED)2Cl2] 12.5 10.6 Diamagnetic

Figure 16: Offered structure of Co (II), Ni (II), Cu (II), Cd(II), and 
Hg(II) complexes with (DPIED)
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Figure 18: Microbial activity of (DPIED), and the complexes againt  
E. coli, S. aureus and K. pneumonia bacteria.

 Figure 17: Offered structure of Zn (II) complex with (DPIED)

octahedral geometry for all of the complexes at mole ratio (1:2) 
(M: DPIED). Also this ligand and the complexes have good 
microbial activity against E. coli, S. aureus and K. pneumonia 
bacteria.

REFERENCES
1.	 Hatam RS, Shaheed IM, Hussain AF. Spectrophotometric 

Determination of Copper (II) using 2, 2 [O-Tolidine-4, 4-bis 
azo] bis [4, 5-diphenyl imidazole](MBBAI). Baghdad Science 
Journal. 2020;17(1 Supplement).287-294.

2.	 Jawad SK, Husien NS. Solvent Extraction Method for 
Separation and Determination of Zn (||) by Using of Imidazole 
Derivative. International Journal of Engineering & Technology. 
2018;7(4.36):553-556.

3.	 Ali FJ, AL-Ameri LA, Ali AM. Synthesis and Identification and 
Biological Studies of New Azo Dyes Derived from Imidazole and 
their Chelate Complexes. Indian Journal of Forensic Medicine 
& Toxicology. 2021 Apr 1;15(2):1253-1260. 

4.	 Mahdi MA, Jasim LS, Mohamed MH. Synthesis And Anticancer 
Activity Evaluation Of Novel Ligand 2-[2-(5-Chloro Carboxy Phenyl) 
Azo] 1-Methyl Imidazole (1-Mecpai) With Some Metal Complexes. 
Systematic Reviews in Pharmacy. 2020;11(12):1979-1987. 

5.	 M. Sreedevi Meesaraganda, Raghavendra Guru Prasad Aluru, 
Spoorthy Y., Narasimha, and Ravindranath L. Krishna Rao. 

H
N

N

Ph

Ph

N

N N

C2H5

C2H5

Zn

HN

N

Ph

Ph

N

NN

C2H5

C2H5

OO C CH3

O

CH3C

O



Synthesis, Characterization, and Bacterial Inhibition of New Imidazole Azo Ligand and it’s Complexes

IJDDT, Volume 11 Issue 4, October 2021 – December 2021 Page 1257

Synthesis and antimicrobial evaluation of certain arylazo 
imidazoles. J. Appl. Pharm. 2013;5(3):781-793.

6.	 Siham S, Adeline FT, Gérald L, Amina A, Abdelkrim E. 
Imidazole and Azo-Based Schiff Bases Ligands as Highly Active 
Antifungal and Antioxidant Components. Heteroat. Chem. 
2019;2019(1):1-8. doi.org/10.1155/2019/6862170.

7.	 Abhijit C, Sailesh C, Pranesh R, Biswajit S, Dhiraj B. Exploration of 
inhibitory action of Azo imidazole derivatives against COVID-19  
main protease (Mpro): A computational study. J. Mol. Struct. 
2021;1224:1-8. DOI: 10.1016/j.molstruc.2020.129178.

8.	 Avijit P, Gopal D. Aryl azo imidazole assisted self-assembly of d10 
metal complexes: Influence of halogen substitution and counter ions. 
Polyhedron. 2010;29(15):2999. DOI: 10.1016/j.poly.2010.08.004.

9.	 Mathur T,Ray U, Baruri B, Sinha C .Tetrahedral manganese(II) 
complexes of 1-alkyl-2-(arylazo)imidazoles. X-ray crystal 
structure of [Mn(HaaiMe)4 ](ClO4)2 • DMF (HaaiMe = 1-methyl-
2-(phenylazo)imidazole). J Coord Chem. 2005;58(5):399-407. DOI: 
10.1080/00958970412331331641

10.	 Nadia H, Nadia S, Thanaa A. Preparation and Identification 
of New Azo ligand [(E)-3-((4,5-Diphenyl-1-Imidazole-2-yl) 
Diazenyl) Benzene Sulfonic Acid and Some of its Chelate 
Complexes. Int. J. Psychosoc. Rehabilitation. 2020;24(4):6362-
6373. DOI: 10.37200/IJPR/V24I4/PR2020446.

11.	 Khalid J, Khamis A, Zainab M. Synthesis and Spectroscopic 
Properties of Some Transition Metal Complexes with New Azo-
Dyes Derived From Thiazole and Imidazole. Asian J. Chem. 
2013;25(18):10475-10481. doi.org/10.14233/ajchem.2013.15735.

12.	 Ramalivhana J, Obi C, Samie A, Iweriebor B, Uaboi-Egbenni P,  
Idiaghe J, Momba M. Antibacterial activity of honey and medicinal 
plant extracts against Gram negative microorganisms. African J 
Biotechnol. 2014;13(4):616-625. DOI: 10.5897/AJB11.892.

13.	 Mubark HM, Witwit IN, Ali AA. Synthesis of new azo imidazole 
ligand and fabricating it’s chelate complexes with some metallic 
ions. J. Phys. Conf. 2020;1660(1):012031. IOP Publishing. DOI: 
10.1088/1742-6596/1660/1/012031.

14.	 Sujit K, Anuradha K, Ayyannab B, Naga S, Sai H. Design, 
synthesis of novel azo derivatives of benzimidazole as potent 
antibacterial and anti tubercular agents. Beni-Suef University J. 
Basic Appl. Sci. 2018;7:1-6. doi.org/10.1016/j.bjbas.2018.07.009.

15.	 Dilek Ç, Oğuz Y , Selahattin S. Synthesis, structural characteri
zation of Co(II), Ni(II) and Cu(II) complexes of azo dye ligands 
derived from dihydroxynaphthalene. Int. J of Scientific Res. and 
Innovative Technol. 2014;1(2):52-72.

16.	 Athmar A, Ibtihal, Abid Allah M. Synthesis and Spectral 
Identification of New Azo-Schiff base Ligand Derivative from 
Aminobenzylamine and its Novel Metal Complexes with Cu(II), 
Zn(II) and Cd(II) . Annals of R.S.C.B., 2021;25(6):4596-4607 .

17.	 Leila Z, Maryam N. Synthesis of new azo-dispersive dyes with 
benzo[d] imidazole moiety and new bis benzo[d]imidazoles using 
DABCO-diacetate as a green media. J Chin Chem Soc. 2020; 
68(4):1-9. DOI: 10.1002/jccs.202000378.

18.	 Satyajit D.Synthesis and anthelmintic activity of some novel 
2-substituted-4,5-diphenyl imidazoles. Acta Pharm. 2010;60(2): 
229-235 . DOI: 10.2478/v10007-010-0011-1. 

19.	 Khalid J‚ Haitham K, Faiq F. Preparation and  Spectral  
Characterization of New  Azo  imidazole Ligand 2-[1-(2,4-
Dichoro phenyl)Azo]-α-Amino-1H-imidazole-4-Propionic  Acid  
and its Complexes With Co(п), Ni(п), Cu(п), Pd(II) and Ag(I) 
Ions. Al-Qadisiyah J. Agric. Sci. 2011;16(2):50-64.

20.	 Alina F, Rodica O, Cătălin M, Gina V, Coralia B, Lilia M,  Mariana 
C, Mihaela B. New Cobalt (II) Complexes with Imidazole 
Derivatives: Antimicrobial Efficiency against Planktonic 
and Adherent Microbes and In Vitro Cytotoxicity Features. 
Molecules. 2012;26(1):1-15. doi.org/10.3390/molecules26010055.

21.	 Mohammad A, Saud I, Saikh M, Mohammad A, Bhaskar C,  
Mahboob A, Satyendra N, Shukla, P, Gaur N, Talmas M.,  
Mohammad S, Soonheum P. Synthesis, Structural Characteriza
tion and Antimicrobial Activity of Cu(II) and Fe(III) Complexes 
Incorporating Azo-Azomethine Ligand. Molecules. 2018;23(4):1-13.  
DOI: 10.3390/molecules23040813 .

22.	 Fawaz A, Hoda A, Mohammed A .Synthesis, structural 
characterization and DNA binding affinity of new bioactive 
nano‐sized transition metal complexes with sulfathiazole azo 
dye for therapeutic applications. Appl. Organomet. Chem. 
2019;33(e4965):1-14. doi.org/10.1002/aoc.4965 .

23.	 Azeez HN, Al-kadhimi AA, Tapabashi NO. Synthesis, 
Characterization and Biological Evaluation of Some Azo and 
Azo-Schiff Compounds. Kirkuk J. Sci. Res. 2019 Mar 28;14:97-
119. DOI: 10.32894/kujss.2019.14.1.8.

24.	 Hana K , Hussain J . Synthesis of 2-[4-Antipyriylazo] Orcinol as 
a New Sensitive Reagent for Determination of Cu (II) in Fly ash 
by Spectrophotometric Method. Int. J. Civ. Environ. 2014;14(4): 
1-7.

25.	 Ghusoon F, Fawzi Y, Murtadha A, Sahar A. Synthesis, Spectro
scopic characterization and bactericidal valuation of some metal (II)  
complexes with new Tridentate Heterocyclic Azo Ligand 
Type (NNO) Donor. Egypt. J. Chem. 2021;64(3):1333-1345.  
DOI: 10.21608/EJCHEM.2020.49716.3034.

26.	 Sajid M,  Hussein K, Noor Al-Huda B. Synthesis and 
characterization of new azo dye ligand derived from 4,4′- sulfonyl 
diamidine and 4-methy imidazole and its binuclear complexes 
with Ni(II), Pd(II), Ag(I) and Au(III). Der Pharma Chemica. 
2016;8(1):174-184 .

27.	 Imran A, Waseem A, Kishwar S. Empirical Formulae to 
Molecular Structures of Metal Complexes by Molar Conductance, 
Synthesis and Reactivity in Inorganic, Metal-Organic, and Nano-
Metal Chemistry. Taylor & Francis Group . 2013 ;43 (9):1162-1170. 
doi.org/10.1080/15533174.2012.756898.

28.	 Raafid E, Al-Da’amy MA, Kadhim SH. Spectrophotometric 
Determination of Cu (II) in Analytical Sample Using a New 
Chromogenic Reagent (HPEDN). Indones. J. Chem.;20(5):1080-
1091. doi: 10.22146/ijc.47894.

29.	 Aliyu H, Zayyan R. Synthesis, Charactrazation of Biologically 
Active N, N’ – Bis (4-Benzeneazolsalicylidene) -O-Phenylene
diiminatocobalt(II) complex. BAJOPAS. 2013;6(2):127-131. DOI: 
10.4314/bajopas.v6i2.27.

30.	 Siddiqi KS, Nami SA, Chebude Y. Template synthesis of 
symmetrical transition metal dithiocarbamates. J. Braz. Chem. 
Soc. 2006;17:107-12. doi.org/10.1590/S0103-50532006000 
100016.

31.	 Obaid SM, Jarad AJ, Al-Hamdani AA. Synthesis, Characterization 
and Biological Activity of Mixed Ligand Metal Salts Complexes 
with Various Ligands. InJournal of Physics: Conference Series 
2020 Nov 1;1660(1):12-28. IOP Publishing. doi: 10.1088/1742-6596/ 
1660/1/012028.

32.	 32-Beata C .Spectral, thermal and magnetic properties of Cu(II) 
and Ni(II) complexes with Schiff base ligands. J. Serbian Chem. 
2011;76(12):1639-1648. DOI: 10.2298/JSC101112140C 


