
 

 

Article 

Preparation, Characterization, DFT Calculations, Antibacterial 

and Molecular Docking Study of Co(II), Cu(II), and Zn(II) 

Mixed Ligand Complexes 

Maged S. Al-Fakeh 1,2,*, Sabri Messaoudi 1,3, Faisal I. Alresheedi 4, Abuzar EAE Albadri 1, Wael A. El-Sayed 1,5 and 

Emran Eisa Saleh 6,7 

1 Department of Chemistry, College of Science, Qassim University, Buraidah 51452, Saudi Arabia, 

m.alfakeh@qu.edu.sa 

2 Taiz University, Taiz 3086, Yemen, 

3 Carthage University, Faculty of Sciences of Bizerte, 7021 Jarzouna, Tunisia, s.messaoudi@qu.edu.sa 

4 Department of Physics, College of Science, Qassim University, Buraidah 51452, Saudi Arabia, falre-

sheedi@qu.edu.sa 

5 Photochemistry Department, National Research Centre, Cairo 12311, Egypt, wshendy@qu.edu.sa 

6 Physics Department, Faculty of Science, University of Aden, Yemen, esas.2009@yahoo.com 

7 Physics Dep., Faculty of Science, Ain Shams University, Egypt. 

* Correspondence: m.alfakeh@qu.edu.sa 

 

Abstract: [Co(AMPY)(DAPY)Cl2(H2O)].H2O (1) [Cu(AMPY)(DAPY)Cl2(H2O)].H2O (2) 

[Zn(AMPY)(DAPY)Cl2(H2O)] (3) were prepared from the ligands; AMPY = 2-amino-4-methylpy-

rimidine (L1), DAPY = 2,3-diaminopyridine (L2) and CoCl2.6H2O, CuCl2.2H2O and ZnCl2 in wa-

ter/ethanol solutions and the three products characterized by elemental analysis, ultraviolet-visible 

spectroscopy (UV–Vis), Fourier-transform infrared spectroscopy (FT-IR), magnetic susceptibility, 

molar conductivity methods, and TGA analysis. The X-ray powder diffraction of the Co(II), Cu(II), 

and Zn(II) compounds showed that the geometry of monoclinic and SEM analysis revealed their 

morphology with a smooth surface. Molecular modeling was performed for all compounds using 

the density functional method DFT/B3LYP to study the structures and the frontier molecular orbit-

als (HOMO and LUMO). We have used Gaussian09 software for the calculations. In this study, dif-

ferent complexes were tested against Gram negative and Gram positive bacterial species to give 

insight into their broad-spectrum effects. The used pathogenic strains were two Gram positive spe-

cies "Staphylococcus aureus and Micrococcus luteus" and two Gram negative species "Salmonella 

thyphimurium and Escherichia coli. The antifungal activity was evaluated against a pathogenic ref-

erence strain of the yeast Candida albicans. The antimicrobial and antioxidant assay results demon-

strate that the tested compounds are effective against Gram positive and negative bacteria. Addi-

tionally, the compounds have an antifungal effect against Candida albicans with a maximum inhib-

itory zone of 2.5cm. The results demonstrated high antioxidant potential for the Zn(II) complex with 

a DPPH scavenging of 91.5%, however, the Cu(II) complex was low (16.5%). The data of docking 

with tyrosyl-tRNA synthetase presented that all compounds fit very well in the catalytic pockets of 

the proteins of the receptor. 

Keywords: Mixed-Ligands; DFT Calculations; HOMO; LUMO; Antimicrobial; Antioxidant Assays; 

and Molecular Docking Analysis 

 

1. Introduction  

Transition element ions (TEI) have a good and important role in the self-assembly of 

complexes. Additionally, the wide field of chemistry using transition elements and or-

ganic ligands as building blocks is enriched with high design ability and a variety of struc-

tural architecture [1-4]. The cobalt(II), copper(II), and zinc(II) ions are of particular interest 

because it relates to labile metal centers with the coordination number of M2+ from two 
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to six and more. Co(II), Cu(II), and Zn(II) compounds are most commonly given with ni-

trogen-containing ligands with functional groups and different geometries. Such as pyri-

dine, pyrimidine, and its derivatives react with metal ions (MIS) to give bothpolynuclearr 

and discrete coordination compounds and participate in hydrogen-bonding and π-ring 

including weak interactions as well as coordinates to the transition element [5-7]. Moreo-

ver, it has an immense influence on various biological and chemical processes as well [8]. 

We have observed this through antimicrobial and antioxidant assays of the prepared com-

pounds. 2-amino-4-methylpyrimidine and 2,3-di-aminopyridine serve as useful chelating 

ligands in a diversity of inorganic, organometallic applications and anti-bacterial, anti-

fungal, antioxidant, anti-inflammatory, and pharmaceutical applications [9-15]. The 

chemistry of Co(II), copper(II), and zinc(II) compounds with nitrogen donor ligands, es-

pecially with aminopyridine and aminopyrimidine derivatives, has been studied exten-

sively, over the past few decades [16-17]. In this study, we prepared the three complexes 

[Co(AMPY)(DAPY)Cl2(H2O)].H2O, [Cu(AMPY)(DAPY)Cl2(H2O)].H2O and 

[Zn(AMPY)(DAPY)Cl2(H2O)]. The structures of three compounds have been proposed by 

assessing the data obtained from (C.H.N), (FTIR), (UV-Vis), X-ray powder diffraction, mo-

lar conductivity, magnetic susceptibility methods, and molecular docking analysis. The 

structures of the ligands are presented in Fig. 1. 

  
Figure 1. The structures of the ligands. 

2. Experimental 

2.1. Materials and Physical Measurements for Complexes  

High purity 2-amino-4-methylpyrimidine (97%) and 2,3-diaminopyridine (95%) 

were supplied from Sigma Aldrich grade. They were purchased and used without purifi-

cation. Carbon, hydrogen, and nitrogen were carried out by using the Analyischer Func-

tions, The elemental analyzers were determined using a Gmbh Vario El analyzer, struc-

tural information was obtained from FT-IR spectra on a Thermo Nicolet (6700) FT-IR spec-

trophotometer, with a wavenumber range of 400-4000cm−1, and UV-vis absorption was 

recorded on a UV–2102 PC Shimadzu using a 1 cm matched quartz cuvette in the wave-

length range of 200 to 900 nanometers. At room temperature, magnetic susceptibility was 

used to measure the complexes using a magnetic susceptibility balance from MSB–Auto. 

Thermogravimetry analysis (TGA) and differential thermal analysis (DTA) were con-

ducted in air atmosphere on a Shimadzu DTG 60 thermal analyzer, at a heating rate 10C 

min−1. Measurements of the X-ray diffraction (XRD) were carried out using an XRD dif-

fractometer Model (PW 1710) (Cu-Kα radiation). The morphology and structure of the 

synthesized materials were characterized using a scanning electron microscope, 

JEOL/JEM 1010 High-Resolution SEM [18]. 

2.2. Microbial strains and culture media 

In this study, different samples were tested against Gram (–ve) and Gram (+ve) bac-

terial strains, giving insight into their broad-spectrum effect. The used pathogenic species 

were two Gram-positive strains "Staphylococcus aureus  ATCC 25923 (S1) and Micrococcus 

luteus NCIMB 8166 (S4)" and two Gram negative strains " Escherichia coli ATCC 35218 (S5  

) and Salmonella thyphimurium ATCC 14028 (S10). The antifungal activity was evaluated 

against a pathogenic reference strain of the yeast Candida albicans ATCC 90028 (9C). The 

species were grown in nutrient broth (Oxoid) at 37°C for a day and cultivated on nutrient 

agar (Oxoid) for 24 h at 37°C. The yeast strain was grown in Sabouraud Chloramphenicol 
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broth (Oxoid) at 25◦C for a day and cultivated on Sabouraud Chloramphenicol agar(Ox-

oid) for 24h at 37°C. The different strains are recorded in Table 1. 

                             Table 1. The used microbial strains. 

Strain Reference 

Gram positive bacteria 

S1 Staphylococcus aureus  ATCC 25923 

S4 Micrococcus luteus NCIMB 8166 

Gram negative bacteria 

S5 Escherichia coli ATCC 35218 

S10 Salmonella thyphimurium ATCC 14028 

Yeast 

9C Candida albicans ATCC 90028 

2.3. Antimicrobial activity  

The antimicrobial activity of the different extracts was tested with the reference agar 

disk diffusion method [19]. Before the test, 50mg of each extract were dissolved in 1 ml of 

a solution of dimethylsulfoxyde "DMSO" (5%). The species were grown in Mueller–Hin-

ton broth (Oxoid) at 37°C for a day at 37°C for 24 h and the suspensions were checked 

with 0.5 McFarland standard turbidity. Afterward, 100μl of each precultured suspension 

was spread onto plates containing MH agar. Sterile filter paper discs (6mm in diameter) 

were saturated with 20μl of the different compounds and placed on agar. The treated 

plates were putted for 60 minutes at 4 °C and then incubated for a day at 37°C. Then incu-

bation, the diameter of the inhibition zone (clear halo) about the discs was measured.  

2.4. Antioxidant Activity 

(DPPH) Radical Scavenging Assay  

The free radical scavenging effect of the compounds was assessed according to the 

method [20]. Briefly, 1 mL of sample (5mg/mL) was mixed with 3mL of methanolic solu-

tion of DPPH (2,2-diphenyl-1-picrylhydrazyl) (300 µM). The reaction mixture was vor-

texed and incubated for 30min at room temperature. The absorbance of the sol. was meas-

ured at 517nanometers. Vitamin C was used as a standard. The inhibitory percentage of 

(DPPH) was measured by using the next equation (1): 

(DPPH) Scavenging effect (%) = [1- (Abs compound/Abs control)] × 100  

2.5. Computational studies 

The density functional theory (DFT) was performed by using Gaussian09 program 

[21]. The optimization of the diverse complexes was done by DFT through the functional 

B3LYP and Lanl2dz/6-31G(d) basis sets. LANL2DZ basis set was limited for the treatment 

Zn(II), Cu(II), and Co(II) atoms and 6-31G(d) basis set for all other atoms. To confirm the 

stability of the structures, we calculated the vibrational frequencies at the same level of 

theory  

2.6. Molecular Docking Analysis 

In silico molecular docking was used to study the interactions between S. aureus ty-

rosyl-tRNA synthetase and the three complexes Co(II), Cu(II), and Zn(II) to investigate 

the preferred occupation of the ligands in the binding active site. The crystal coordinates 

were got from the Protein Data Bank: S. aureus, tyrosyl-tRNA synthetase (PDB: 1JIJ). All 

water species and the co-crystallized ligand have been deleted from the original structure. 

We designated Gasteiger charge and polar hydrogens using AutoDockTools1.5.2 (ADT) 

and we prepared the PDBQT file format [22]. We used ADT to determine a docking grid. 

In 1JIJ, the grid box site was set at x: −10.908,y : 14.432 y, and z : 86.420 z Å. The size of the 

grid box size was 25 Å  for x, y, and z, and 0.375 Å  for the grid spacing. The structures of 
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the compounds were those optimized in computational studies with B3LYP/LanL2dz/6-

31G(d). We used AutoDock Vina software [23] with 32 as an exhaustiveness parameter to 

get the docking data. The docking conformation analysis was done by ADT. Enzyme lig-

and interactions are investigated by Discovery Studio Visualizer [24]. 

2.7. Synthesis of three metal mixed ligand complexes 

2.7.1. [Co(AMPY)(DAPY)Cl2(H2O)].H2O   (1) 

A ethanolic solution (15mL) of 2-Amino-4-methylpyrimidine (AMPY) (0.5g, 

0.45mmol) was slowly added into 20mL water of CoCl2.6H2O (1.09g, 0.45mmol) and to it 

a ethanolic solution (15mL) of 2,3-diaminopyridine (DAPY) (0.5g, 0.45mmol) was added 

dropwise. The reaction mixture was heated at 60°C for 60 minutes with constant stirring. 

The dark brown precipitate was washed with H2O and EtOH and then dried.  

2.7.2. [Cu(AMPY)(DAPY)Cl2(H2O)].H2O   (2) 

It was prepared adopting the same procedure as in the case of (1). The molar ratio 

was 1:1:1, CuCl2.2H2O (0.78g, 0.45mmol), AMPY (0.5g, 0.45mmol) and DAPY (0.5g, 

0.45mmol). A dark green complex was isolated.  

2.7.3. [Zn(AMPY)(DAPY)Cl2(H2O)]  (3) 

A similar synthetic method as that for (1) was used in the prepared zinc(II) complex 

(15mL), ZnCl2 (0.62g, 0.45mmol). A creamy white compound was obtained.  

3. Results And Discussion  

3.1. Synthesis and Spectroscopic Characterization 

Co(II), Cu(II), and Zn(II) compounds were synthesized in aqueous media using co-

balt(II) chloride hexahydrates, copper(II) chloride dehydrated and zinc(II) chloride salts 

and 2-Amino-4-methylpyrimidine (AMPY) as primary ligands. 2,3-diaminopyridine 

(DAPY) was used as the auxiliary ligand for the three complexes, respectively. Details of 

the preparation procedure are presented in the experimental part. Fourier Transform in-

frared (FT-IR) spectra in (Figure 1). These components were found to react in the molar 

ratio 1: 1: 1 metal : L1 : L2. The compounds are air stable. The molar conductivity values 

ΛM of the compounds in 10-3 M DMSO solutions vary from 23.2, 38.8 to 62.1 S cm2 mol-1 

for Zn(II), Cu(II), and Co(II) complexes respectively.  

Anal. Calc. for C10H18N6CoCl2O2 (complex 1): C, 31.22; H, 4.71; N, 21.87; Found: C, 

32.04; H, 4.56; N, 20.98. m.p. 198 °C. 

Anal. Calc. for C10H18N6CuCl2O2 (complex 2): C, 30.89; H, 4.66; N, 21.61. Found: C, 

30.46; H, 4.28; N, 21.04. m.p. 192 °C. 

Anal. Calc. for C10H16N6ZnCl2O (complex 3): C, 32.23; H, 4.32; N, 22.55. Found: C, 

33.50; H, 4.11; N, 21.96. m.p. 186 °C.  

 

3.2. Fourier Transform Infrared Spectra  

The infrared spectral bands provide structural evidence for the coordination of the 

two ligands to the Co(II), Cu(II), and Zn(II) ions. The assignment of the most characteristic 

FT-IR bands of the three compounds is shown in table (2) together with those of the two 

ligands listed for comparative purposes and to facilitate the spectral data. The stretching 

vibration of the pyridine groups located at 1590 (ν) C=C and 1580 (ν) C=N cm-1 in the 

DAPY ligand exhibits a notable shift to a wave number (1548-1567) and (1530-1540cm-1) 

in all complexes [25-27]. The C-N stretching in the ring bands found in the complexes are 

in the range 1450-1495 cm-1 [28].  In the IR spectrum of the free AMPY, υ(C-NH2) occurs 

at 3312cm-1 with a shift to a wave number (3296-3310 cm-1) in the spectra of the compounds 

[8]. A broad diffused band with medium intensity located in the range 3418-3498 cm-1 may 

be assigned to ν(OH) for lattice H2O in Co(II) and Cu(II) complexes [29]. For all complexes, 

the νOH stretching vibration of coordinated H2O appears at the 3306-3326cm-1 region [30]. 
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The IR spectra of the compounds appear as a band at 418-436 cm-1 assigned to (M-Cl) [31]. 

Metal-oxygen and M-nitrogen bonding are apparented by the manifestation of two bands 

at 554-570 and 468-475cm-1 district, respectively [32].                                                                                                          

Table 2. The infrared spectral data (cm-1) of the ligand and their complexes. 

Assignment AMPY DAPY 
Co(II) com-

plex 

Cu(II) com-

plex 

Zn(II) 

complex 

υO-H lattice water 

υO-H coordinated water 
- - 

3498 

3326 

3418 

3306 

- 

3307 

υNH2 3312 - 3310 3296 3302 

υN-H - 3179 3132 3160 3172 

υCH3 2920w - 2928 2932 2930 

υC-H 3006m - 2998w 2994w 2988w 

υC=C - 1590 1548 1555 1567 

υC=N - 1580 1536 1530 1540 

υC-Nin ring - 1456 1450 1482 1495 

υC-H  742 748 760 750 

M-O - - 554 570 556 

M-N - - 468 472 475 

M-Cl - - 418 436 428 

4000 3500 3000 2500 2000 1500 1000 500
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Figure 2. FT-IR of the Co(II), Cu(II) and Zn(II) complexes. 

3.3. Magnetic Moments 

Magnetic susceptibility was measured at room temperature using a solid sample by 

Gouy operation. The magnetic moment shows the Co(II) ion to be (4.78 BM) with config-

uration in an octahedral environment [33,34]. The value of the determined magnetic mo-

ment for Cu(II) ion is (1.73 B.M.) based on the configuration in octahedral geometry 

[35,36]. Zn(II) is a nonmagnetic ion. The value for Co is between 4.3 and 5.2, so it is in the 

high spin state 

3.4. Electronic Spectra  

In the wavelength range 200-650 nm, the optical absorption coefficient was calcu-

lated" for ligands (DMSO, 1×10-3 M) and their metal ions (Co(II), Cu (II), and Zn(II)) as 

shown in figure (3) below. Absorption peaks were found at 31,746, 31,250, 32,476cm-1 and 

39,682, 39,062, 39.370cm-1, which can be referred to as the n-π*, π-π*, transition of DAPY 
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and AMPY [37,38]. The electronic spectra of the cobalt(II) complex have two absorption 

bands "typical of high spin and low spin octahedral geometries designated to 4 T1g(F)→4 

A2g(F) and 2 Eg→2 T1g transitions respectively [34]. The Cu(II) complex presented the 

absorption bands that need theoretical calculations in order to determine its coordination 

number. Zn+2 is a nonmagnetic ion. They have only bands for π-π*and n-π*, which are 

assigned to intra-ligand charge-transfer transitions. From the previous data [elemental 

analysis, infrared and electronic spectra, magnetic moment measurements, and molar 

conductance measurements, we can propose the following chemical formulae for the syn-

thesized three metal mixed ligand complexes. (Fig.4,5).                                                                   

 

Figure 3. Electronic spectra of L1, L2, Co(II) Cu(II) and Zn(II) mixed ligand complexes. 

 

 

 

 

 

 

 

Figure 4. Structure of [M(AMPY)(DAPY)Cl2(H2O)].nH2O. 

M = Co(II), Cu(II) and Zn(II), n = 0 or 1 H2O. 
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Figure 5. A perspective view of the complete coordination around Co(II) complex. 

3.5. Theoretical study 

Molecular modeling was performed for all compounds using the density functional 

theory DFT/B3LYP to study the structures (Figure 6) and the frontier molecular orbitals 

(Figure 7). The mode of bonding is pentacoordinate for Cu and hexacoordinate for Zn and 

Co. Selected bond lengths (Å ) calculated at B3LYP are presented in table (3). Zn is coordi-

nated to one nitrogen of L1 (Zn-N = 2.10Å ) and to two nitrogen’s of L2 (2.28 and 2.38Å ). 

Co is coordinated to one nitrogen of L1 (Co-N = 2.00Å ) and to two nitrogen’s of L2 (2.00 

and 2.37Å ). Cu is bonded to one nitrogen of L1 (Cu-N = 2.10Å ) and one nitrogen of L2 

(2.00Å ). Generally, the proposed model for metals is hexacoordinate, but density func-

tional calculations show that the copper in our environment is pentacoordinate. In the 

literature, we find that copper can be pentacoordinate to some ligands [39]. 

The HOMO and LUMO frontier orbitals are exhibited in Fig. 7. For Cu, The HOMO 

is localized on L2 and the LUMO is centralized on the second Ligand L1. For Zn, the 

HOMO is localized on one chloride and the LUMO is localized on L1. For Co, both HOMO 

and LUMO are found with the metal and two chlorides. This shows that the electron dis-

tribution is not the same for all molecules and this can lead to different properties [21]. 

For Cu which is pentacoordinate, the electron distribution is small on the chloride, but for 

Zn and Co, the electron density is higher at least one of the chlorides in the HOMO.    

 
  

(a) CuCl2L1L2.H2O (b) ZnCl2L1L2.H2O (c) CoCl2L1L2.H2O 

Figure 6. Optimized geometry of the complexes. (a) Cu(II) (b) Zn(II), and (c) Co(II). 

                          Table 3. Selected bond lengths (Å ) calculated at B3LYP. 

Bond M = Cu M = Zn M = Co 
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Figure 7. Frontier molecular orbitals of HOMO and LUMO of complexes. with (a) Cu (b) Zn and 

(c) Co. 

3.6. Thermal analysis 

3.6.1. [Co(AMPY)(DAPY)Cl2(H2O)].H2O   (1) 

The T.G, D.T.G, and D.T.A curves of this complex are in dynamic air. They show that 

the thermal decomposition processes of the compound consist of four stages. The first 

stage is a dehydration process occurring in the temperature range 65 to 152°C. The mass 

loss (calc. 9.38%, found 8.75%) indicates the loss of 2H2O molecules. For this step (DTG 

minimum at 98°C) and an endothermic peak is observed in the DTA curve at 101°C.  

 

[Co(AMPY)(DAPY)Cl2(H2O)].H2O             [Co(AMPY)(DAPY)Cl2]+2H2O  
The observed mass loss of the second step (154-230°C) in the TG curve agrees with 

the loss of chlorine (calc. 18.45%, found 17.84%) (DTG peak at 192 °C). This step is marked 

on the DTA curve by an broad exothermic peak at 194 °C.  

 

[Co(AMPY)(DAPY)Cl2]              [Co(AMPY)(DAPY)] + Cl2   

The third and forth step (232-500°C) corresponded to the loss of decomposition of the 

rest organic ligands (calc. 56.81%, found 54.48%). For these steps, DTG broad minimum 

at 298 and 310 °C and a DTA exotherm peak at 301 and 312°C were observed. At about 

550 °C, the thermal decomposition finishes and the final stable residue may be due to the 

formation of cobalt oxide. CoO should give a residue of 19.50%, but still 18.93% remains.  

M-N(L1) 2.10 2.27 2.00 

M-N(L2) 2.07 2.28 2.00 

M-N(L2) - 2.38 2.37 

M-Cl 2.38 2.38 2.41 

M-Cl 2.37 2.58 2.36 

M-OH2 2.33 2.19 2.28 

   

LUMO (-0.06514) 

 

 

 

 

HOMO (-0.21370) 

LUMO (-0.05651) 

 

 

 

 

HOMO (-0.24100) 

LUMO -0.07099 

 

 

 

 

HOMO (-0.21997) 

(a) CuCl2L1L2.H2O (b) ZnCl2L1L2.H2O (c) CoCl2L1L2.H2O 

154-230°C 

65-152°C 
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[Co(AMPY)(DAPY)] 

 

 

CoO  +  decomposition product  

3.6.2. [Cu(AMPY)(DAPY)Cl2(H2O)].H2O   (2) 

In dynamic air, the [Cu(AMPY)(DAPY)Cl2(H2O)].H2O is stable up to 88oC (Fig. 8), 

when a first mass loss (calc. 9.27%, found 9.02%) occurs. Correspondingly, a DTG peak at 

101°C, and an endothermic broad peak at 103°C in the D.T.A curve were recorded. The 

observed mass loss of this first stage agrees well with the loss of two water molecules. The 

observed mass loss of the second step is associated with the loss of chlorine (calc. 18.23%, 

found 17.95%). This step corresponds to a DTG peak at 202oC and an exothermic D.T.A 

peak at 204°C. The third, fourth, and fifth steps of mass loss of AMPY and DAPY ligands 

(calc. 56.14%, found 53.16%) is manifested on the DTG curve as a peak at 251, 306, and 404 

°C and an exothermic peak at 253, 308, and 406°C in the DTA curve.  The end product at 

550oC is consistent with CuO (calc. 20.46%, found 19.87%).  

3.6.3. [Zn(AMPY)(DAPY)Cl2(H2O)] (3)   

Five-step decompositions were observed in the thermo-gravimetric curve of 

[Zn(AMPY)(DAPY)Cl2(H2O)]. This occurs in the temperature ranges 82-112, 114-165, 167-

268, 270-335, and 337-550°C. The first mass loss (calc. 4.83%, found 4.49%) corresponds to 

the release of a water molecule with DTG peak at 96°C, and an endothermic peak broad 

at 98°C in the D.T.A curve. The observed weight loss of the second and third steps are 

correlated with the decomposition of AMPY and chlorine (calc. 48.32%, found 47.65%) 

(DTG peaks at 138 and 216°C. DTA peaks at 140 and 218°C). The fourth and fifth steps 

represent the decomposition of the remaining ligands (calc. 29.29%, found 27.10%). The 

final stable residue is ZnO (calc.21.84%, found 20.76%). 

 

Figure 8. TG, DTG, and DTA thermograms of Cu(II) complex. 

3.7. X-Ray Powder Diffraction (XRD) 

The XRD patterns of chemical-synthesized complexes as shown in figures (9-10) were 

obtained "between the 2θ region starting from 20◦ to 80◦ ". Figures explain the crystallo-

graphic structures, whereas the atoms were arranged in the octahedral status. These XRD 

spectra of the complexes indicate the number of prominent diffraction peaks at particular 

angles. The crystallite size increases with the increase in peak intensity, directly propor-

tional and inversely proportional to the full width at half maxima (FWHM). The protrud-

ing peaks were used to calculate the grain size via the Scherrer equation. The sharp XRD 

232-500°C 
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peaks indicate that the particles were polycrystalline and belong to the monoclinic crystal 

system (table 4).   

Table 4. XRD data of the Co(II), Cu(II), and Zn(II) complexes. 
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Cu(II) 

 complex  

 

 

Co(II) 

 complex  

 

Parameters 

 

C10H16N6ZnCl2O 

372.57 

Monoclinic 

11.27 

23.28 

26.93 

90.00 

108.05 

90.00 

175 

6724 

C10H18N6CuCl2O2 

388.74 

Monoclinic 

18.06 

6.19 

12.51 

90.00 

107.92 

90.00 

88  

1332 

C10H18N6CoCl2O2 

384.13 

Monoclinic  

14.22 

5.94 

8.20 

90.00 

95.88 

90.00 

119 

690 

E.F 

F.W 

Crystal System 

a (Å) 

b (Å) 

c (Å) 

Alfa (°) 

Beta(°) 

gamma(°) 

Particle Size (nm) 

V.U.C (Å3) 

 

Figure 9. X-ray powder diffraction (XRD) pattern of Cu(II) complex. 

 

Figure 10. X-ray powder diffraction (XRD) pattern of Zn(II) complex. 
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3.8. Scanning Electron Microscopy (SEM) 

The morphological characteristics of the three complexes synthesized were analyzed 

by SEM, as shown in (Figure 11. (a), (b), and (c)). The morphology of the Co(II) complex 

synthesized is consistent with spherical particles. On the other hand, herbal assembly and 

cluster slice morphology for Cu(II) and Zn(II) compounds, respectively.  

 

Figure 11. (a). SEM of Co(II) complex. 

 

(b). SEM of Cu(II) complex. 

 

(c). SEM of Zn(II) complex. 

3.9. Antimicrobial and Antioxidant Assays 
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The antimicrobial results summarized in (table 5). The Cu(II) complex and Co(II) 

complex have the most important effect. They showed a qualitative antibacterial effect 

with an inhibitory zone ranging between 1cm and 2.5cm for Gram -positive strains like 

Staphylococcus aureus and Micrococcus luteus and between 1.2cm and 1.4cm for Gram-neg-

ative strains. The tested compounds have an antifungal effect against Candida albicans with 

a maximum inhibitory zone of 2.5cm. As summarized in table 5, the results demonstrated 

a high antioxidant potential for the Zn(II) complex with a DPPH scavenging of 91.5%, 

however, the Cu(II) complex was low (16.5%).  

Table 5. Antimicrobial and antioxidant effects. (Inhibitory zone expressed in cm ±SD). 

Antimicrobial Antioxidant 

 S1 S4 S5 S10 9C  

Co(II) complex 2.55±0.07 1.45±0.07 1.45±0.07 1.00±0.14 2.35±0.07 0±00 

Cu(II) complex 1.5±0.07 1.25±0.07 1.00±0.07 1.5 ±0.14 1.5±0.21 16.5±2.12 

Zn(II) complex 1.6±0.14 1±0.14 1.2±00 1.3±0.07 0±00 91.5±9.19 

SD: Standard Deviation; ND: Not Determined. 

3.10. In Silico Docking Study 

In order to explore potential novel antibacterial compounds, we can study one of the 

enzymes that contribute to this potential property which is the tyrosyl-tRNA synthetase. 

It is among the aminoacyl-tRNA synthetases (aaRSs) and is in charge of the catalysis of 

the covalent bond of amino acids to their corresponding tRNA to make charged tRNA. 

Therefore, aaRSs inhibition affects the growth of the cell owing to their role in the process 

of protein biosynthesis. We have to notice that the complex can be degraded in the me-

dium, and the antimicrobial effect can be also due to the interaction of the individual com-

ponents with the enzyme. 

To explore the possible antibacterial activity of the compounds against pathogenic 

species, docking of the compounds was achieved with the catalytic site of TyrRS from S. 

aureus built from the structure TyrRS receptor (pdb: 1JIJ). The three compounds showed 

different values of binding energies with the TyrRS model (Table 6). The results showed 

that all compounds have good values of binding energy (7.2-7.9kcal mol-1). The data of 

docking presented that all compounds fit very well in the catalytic pockets of the proteins 

of the receptor. 

The most potent compound Co(II) represented appropriate interactions with differ-

ent residues of tyrosyl-tRNA synthetase and the results are revealed in Figure 12. The 

obtained results (figure (12), Table 6) describe that the compound Co(II) having the potent 

inhibitory activity occupies perfectly the catalytic site of Tyrosyl-tRNA synthetase with a 

value for the binding energy of −7.2kcal mol-1. Co(II) complex shows four hydrogen bonds, 

two between the hydrogens of the water molecule attached to the Co metal with Asp195, 

and two hydrogen bonds between the hydrogens of the two NH2 attached to the metal 

with Asp40. The rings of the ligand show π-cation interaction with His50 and π- π, T-

shaped interaction with Gly38. It shows Van der Waals interactions with the amino acids 

of the active site: Asp 80, His47, Lys84, Thr42, Gln196, Ala39, Gln174, Leu70, and Tyr170. 

These interactions contribute to the stabilization of the complex and suggest that it is in-

volved in its inhibitory effect. These interactions with His47, Ala39, Gln174, Leu70, and 

Tyr170 are common to the catalytic sites found in compounds having antimicrobial activ-

ity [40]. This suggests that they contribute to this property. 
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Table 6. Docking binding energy (kcal mol−1) of the complexes into the active site of the TyrRS re-

ceptor (PDB: 1JIJ). 

Compound 1JIJ 

Zn(II) complex -7.2 

Cu(II) complex -7.9 

Co(II) complex -7.2 

 

(a) 

 

(b) 

Figure 12. (a)  Three dimensional (3D) and (b) two-dimensional (2D) interaction of Co(II) complex 

with the active site of tyrosyl tRNA synthetized (PDB: 1JIJ). 

Conclusion 

Three new compounds were synthesized. Experimental and theoretical studies were 

performed to explore their properties:  

1. We have successfully prepared the Co(II), Cu(II), and Zn(II) complexes. 

2. The solid compounds were isolated and characterized using CHN, FT-IR, UV.vis, and 

magnetic moments. 

3. HOMO and LUMO show that the electron distribution is not the same for all mole-

cules and this can lead to different properties. 

4. The synthesized of the discussed complexes demonstrated excellent antibacterial and 

antifungal activities. 

5. The results of docking showed that all compounds have good values of binding en-

ergy (7.2-7.9kcal mol-1).  
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6. The data of docking presented that all compounds fit very well in the catalytic pock-

ets of the proteins of the receptor, The Co(II) complex is more active. 

In future work, other properties will be studied for these molecules, and advanced in vitro 

studies will be conducted in order to confirm their potential effects. 
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