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Abstract: The current work focuses on using Schiff base ligand a tetra-dentate (cipro-p-phd) made from 
Ciprofloxacin and p-phenylenediamine. UV-visible spectroscopy, 1H-NMR, FT-IR, TGA, (C.H.N), as well as 
measuring magnetic susceptibilities, fusion point and molar conductivity were used to examine the compounds. 
The physical measurement showed that the ligand was linked to the central atoms by oxygen atoms from 
carboxylate groups and nitrogen atoms from azomethine groups. Based on the measurements all compounds 
have tetrahedral structure, with the exception of the nickel (II) complex, which has a square planner 
configuration. Computer simulations and experimental data utilizing Density Functional Theory (DFT) 
provided additional support. Their radical scavenge activities were evaluated using the (DPPH) 2,2-Diphenyl-
1-picrylhydazyl assessment in comparison to ascorbic acid. Additionally, both Gram positive and Gram 
negative bacteria were included in the antibacterial evaluation. The ligand was tested as a ligand with DNA 
gyrase employing molecular docking studies with S. aurous and E. coli.  
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Introduction 
 

One of the classes of antibacterial agents 
among fluoroquinolones with significant 
chemotherapeutic efficacy is ciprofloxacin.  
Fluoroquinolones have proven to be a clinically 
excellent treatment for bacterial infections in 
both hospital and community settings [1]. As of 
right now, antimicrobial fluoroquinolones are 
thought to be limited to limiting DNA synthesis 
and extraction by blocking DNA gyrase, in 
addition to topoisomerase IV and II, which are 
absent from the majority of human cells. In 
addition to limiting their use in the treatment of 
illnesses that these organisms cause, their low 
level of activity includes severe respiratory 
infections. However, it is most likely connected 
to one of the rapidly spreading resistances of 
quinolone. Their use has been restricted as a 
result. The result of this has been limitations on 
their use. Many of the quinolones currently 
available on the market or under development are 
only moderately effective against a broad range 
of Gram-positive cocci, including streptococci 
and staphylococci [2]. It is the only enzyme 

known to be able to both unwind positive 
supercoils and introduce negative supercoiling 
into DNA. Many antibiotics target bacterial DNA 
gyrase, including ciprofloxacin, novobiocin, 
albic din, and nalidixic acid. Both direct 
inhibition of DNA gyrase, or "gyrase poisoning," 
and indirect inhibition of gyrase ATPase activity, 
as in the case of ciprofloxacin, are methods by 
which DNA gyrase inhibitors can stop bacterial 
growth, which stops DNA from generating 
negative supercoils. In order to facilitate 
replication, topoisomerase IV and gyrase can 
relax positive supertwists; Superhelical tension is 
released in front of the polymerase [3]. Schiff 
bases have a wide range of uses in 
pharmacological, industrial, pharmaceutical, 
medical, and analytical fields [4-5] Since our 
goal is to improve the antimicrobial profile of 
Ciprofloxacin, many researchers have focused 
their attention on creating Schiff base from the 
drug. For these reasons, the generated tetra 
dentate binuclear complexes of Schiff base are 
the main focus of this study, which are made by 
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the condensation reaction of para-phenyldiamine 
with Ciprofloxacin. The results of this research 

will be useful in a variety of applications that will 
be covered later. 

 
Experiments and results 

 
Materials and Supplies. 
Materials and Reagents: Every chemical 

used was highly pure and met the analytical 
reagent standard (AR). This group includes 
ciprofloxacin, metal chlorides, para-
phenylenediamine (p-phd), and acetic glacial 
acid. In this experiment, dimethyl formamide 
(DMF) and 100% ethyl alcohol were both used  

as solvents.  
Formation of ligand and complexes: 

Drawing from our literature review [6-7] on the 
synthesis of the ligand and the metallic 
complexes, we have out Lind the preparation 
stages and the reagent conditions in the 
schematic below:  

 

N

F N

N

C
O

HO

N

C OH
O

N

FN

N+

H
N+

H

2Cl-

phenylene diamine-ciprofloxacin

N

C OH
O

O

FN

N+

H

Cl-

ciprofloxacin

+ NH2H2N

p-phenylendiamine

H

H H

Ethanol   solvent
Reflux 12 hr
5-10 drops of acetic acid glacial

Reflux 8 hr

Ethanol solvent

N

N

N

C

O
O

N

FN

H2
+N

N+
H

C

O
O

N

FM

Cl

H2O

MOH2
Cl

H

Ethanol  solvent

Reflux 8 hr

N

N

N

C

O
O

N

FN

N+

N+
H

C

O
O

N

FNi

Cl

Cl

NiCl
Cl

H

H H

M=Co(II),Cu(II),Zn(II),Cd(II)

+2

 
Scheme 1. Preparation process 

 
Tools. The elements analysis was aided by 

the Elemental Analyzer–LCHN A10 Labtrone 
(C.H.N) (UK) device. Mohr analytical 
techniques were used to determine the contents 
of the Cl% in order to achieve this [8]. FT-IR 
spectra were captured using the Bruker IR-FT-
ATR-B Spectrophotometer in the 400–4000 cm−1 
range. Using DMSO-d6 as the solvent, the 1H-
NMR spectra were captured on a Bio spin GmbH 
(400MHz) spectrometer. TG-DTG 
measurements were performed using the 
Shimadzu TGA-50H. The UV-3101PC 
Shimadzu was used to investigate the electronic 

spectra and as solutions in DMF, the absorption 
spectra were captured. The calibration for the 
ground-up samples' magnetic susceptibilities was 
measured at room temperature using a Gouy 
balance. A Stuart spm30 melting point 
instrument was used to record melting points. 
Using a conductivity meter/Leitfahigketitsme 
Cond 3110 the molar conductivity of the 
solutions was measured at the concentration  
1×10−3 M dissolved in DMF  solvent in was 
determined at 28 ℃. 

Computational study. The (cipro-p-phd) 
and all complexes were optimized using 
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theoretical calculations using density-functional 
theory (DFT), which was also used to assess the 
complexes' electrical characteristics and 
thermodynamic parameters. In addition to the 
deployed Gaussian 09 algorithms, the 6-
311++G(d,p) level of theory and the B3LYP 
hybrid functional were also used [9]. 

Applied fields. 1-Antioxidant activity 
assay [10]: The free radical that is referred to 2,2-
diphenyl-1-picrylhydrazyl (DPPH) was used to 
conduct the experiment that was intended to 

assess the antioxidant activity. After first 
dissolving (cipro-p-phd) and its related 
complexes in a small quantity of DMF, they were 
diluted again with ethanol in this time. These 
substances give out hydrogen atom, which 
lowers the DPPH free radical and causes the 
color to change from deep violet to bright yellow. 
We evaluated the effectiveness of scavenging the 
DPPH radical by measuring the absorbance at 
517 nm. The following equation was used to 
calculate the level activity of radical scavenging: 

 

DPPH scavenging ability (%) = 
𝑨𝒃𝒔.𝒄𝒐𝒏𝒕𝒓𝒐𝒍ି𝑨𝒃𝒔.𝒔𝒂𝒎𝒑𝒍𝒆

𝑨𝒃𝒔.𝒄𝒐𝒏𝒕𝒓𝒐𝒍
ൈ 𝟏𝟎𝟎 

 
2- Antimicrobial action [11]: The disc diffusion 
method was used to perform bacteriological 
testing. Paper discs were soaked in the ligand and 
its complex DMF solutions and then left to dry. 
Ten milliliters of dimethyl sulfoxide (DMF) were 
used to create solutions with concentrations of 
10-3 M.  
Paper discs were soaked after these solutions 
were applied. They were all dry. Following the 
addition of the dried paper discs to the fully 
formed E. coli and S. aureus culture plates, the 
plates were incubated for twenty-four hours at 37 
℃. 
3- Molecular docking studies [12]: The Auto 
Dock Vina 1.1.2 program was used for 
conducting the molecular docking simulations 
studies. The RCSB Protein Data Bank provided 
the 3D structure of DNA gyrase proteins. The 
two bacteria under comparison are S. aureus 
(PDB ID: 3g75) and E. coli (PDB ID: 1KZN). 
The ligand and water molecules were removed 
before the docking calculations for the chemical 
under investigation were performed. The 3D 
ligand geometries and conformations were 
created using the Chem.Axon Marvin Sketch 
5.3.735 program and saved in the mol2 format. 
The Gaussian 09 program was used to optimize 
and minimize the energy of the ligand structure. 
Both the ligand and protein2 were prepared using 
Auto Dock Tools (ADT) 1.5.6. To ascertain the 
binding affinities, the interactions between the 
chemical (cipro-p-phd) and the S. aureus and E. 
coli DNA gyrase were mimicked. For the 
analysis of the ligand-targeted protein 
interactions, discovery studio visualizer 
(BIOVIA, Discovery Studio, v4.0.100.13344)  

was used. 
Findings and Conversation. The 

separated compounds' elemental analyses (Table 
1) and the suggested chemical formula accord 
satisfactorily. The compounds' physical 
characteristics are presented in Table 1. The 
results obtained show that the metrical reaction 
in a stoichiometric ratio of (cipro-p-phd) 2:1 for 
each of those metals combined resulted in the 
creation of all of the distinct complexes. This 
approach was taken in order to achieve the 
complexes' creation. When building the 
complexes, this specific process was used to 
successfully finish the construction. None of the 
complexes change color when exposed to air; 
they are all solid and readily soluble in DMF. 
Within the DMF solution, all of the complexes' 
molar conductance measurements were found to 
fall between 24 and 164 Ω−1. mol−1. cm2, this 
included a remarkable variety of values [13]. The 
formation of a link between two chloride anions 
and the metal ions operating inside the inner 
coordination sphere is what gives the complexes 
their electrolytic nature. All of the complexes are 
classified as conductive compounds due to their 
high conductivity levels. In contrast, the 
Nickel(II)-complex was categorized as a neutral 
compound [14]. However, as can be seen from 
Table 1 the geometrical shape of new complexes 
of  Cobalt (II), Copper (II), Zinc (II) and 
Cadmium (II) is tetra-hedral,  whereas the Nickel 
(II) complex has square planner. The results of 
both magnetic characteristics and spectral data 
confirm this expectation, which is consistent with 
what has been demonstrated in the references 
[15-17]. The outcomes are illustrated in Table 1. 
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Table 1. The crucial spectral and physical characteristics of the substances under study 
Ligand 
and its 

complexe
s 

L= 
cipro-p-

phd 

1=[Co2(L)(H2O)
2Cl2]Cl2 

2=[Ni2(L)Cl4

] 
3=[Cu2(L)(H2O)

2Cl2]Cl2 
4=[Zn2(L)(H2O)

2Cl2]Cl2 
5=[Cd2(L)(H2O)

2Cl2]Cl2 

colour yellow Cyan green Deep Walnut Hazel Off  yellow 

Melting 
point 

282 234 195 225 243 285 

Cond. 
Ω−1 mol−1 

cm2 
78.3 142.8 24.2 164.7 134.6 144.5 

Cal 
(Cl%) 

Pra Cl% 

 
/ 

(14.3) 
13.8 

(14.3) 
13.5 

(14.5) 
13.3 

(14.8) 
13.7 

(14.5) 
13.3 

 
C.H
.N 
Cal 
Pra. 

 

C 
 

(65.10) 
64.68 

(51.30) 
50.48 

(51.31) 
50.72 

(49.61) 
48.87 

(49.70) 
50.92 

(45.01) 
44.81 

H 
(5.77) 
4.83 

(3.61) 
3.52 

(3.80) 
3.18 

(4.57) 
4.48 

(4.56) 
3.90 

(4.16) 
3.92 

N 
(15.22) 
16.43 

(12.4) 
11.94 

(12.4) 
11.64 

(11.52) 
11.37 

(11.52) 
10.80 

(10.6) 
9.77 

M 
 
/ 

( 11 . 70) 
10.61 

( 11 . 70) 
10.52 

13.2 ( 0) 
12.11 

(13.32) 
12.71 

(19.12) 
18.20 

Bands of  
UV, Vis 
(cm-1) 

46727, 
39692 

45046,39841,37
452 

16243 
10891 

44648,38742,
36443 
22350 
23538 

42192 
,40652,35588 

10262 

      46624, , 
39541  

           46612, 
39483  

Assignme
nt 

π→π*,n
→π* 

π→π*,n→π*,C.
T 

4A2 (F)→4T1(P) 
4A2 (F)→4T1(F) 

π→π*,n→π*,
C.T 

1A1g → 1A2g 
1A1g →1B1g 

π→π*, 
n→π*,C.T 

2T2 →2E 

π→π*,n→π* 
 

π→π*,n→π* 
 

μeff  B.M 
 
/ 

3.8 0.0 1.8 Dia- magnetic Dia- magnetic 

The 
suggested 
structure 

/ Tetra-hedral 
Square 
planner 

Tetra-hedral Tetra-hedral Tetra-hedral 

 
FT-IR spectroscopy. All of the infrared 

spectral bands that are believed to be the most 
crucial for all systems (Fig. 1) are listed in Table 
2, as well as the assignments given to each band. 
Based on the statistics, the following conclusions 
can be made: the ligand spectra revealed a new, 
higher intensity band at 1626 cm-1 that 
corresponds to the imine group's frequency [18-
19]. This band indicates that the amino groups 
have been completely absorbed by the keto-
group. Except for the Nickel(II) complex, which 
is made up of H2O molecules that undergo 
coordination and hydration processes, all 
complexes exhibit bands near 3472-3334 cm−1 in 
their infrared spectra. There are multiple bands in 
the infrared spectrum that can be observed. The 
notion that these bands are in charge of the water 

molecules' v(O-H) vibration mode is being 
supported by significant elemental studies. The 
results of these studies indicate that these bands 
are in charge of the vibration mode [20]. There is 
a group of bands in the ligand's spectrum that can 
be located between 2925 and 2649 cm-1. These 
bands are present in a variety of configurations 
throughout the spectrum. These bands, which 
represent the nitrogen vibration in the piperazine 
group and validate the Schiff base's zwitter ionic 
formula (cipro-p-phd) [21]. The stretching 
oscillation of the imine group v(C=N) and 
carboxylic v(COOH) was found to be the cause 
of the two bands observed in the spectra of 
(cipro-p-phd). Both of these vibrations have an 
impact on the stretching vibration. These bands 
were introduced at frequencies of 1731 and 1626 
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cm−1, respectively  [22]. The Schiff basis used in 
this investigation was verified to be connected to 
the central atom by oxygen atoms of the 
deprotonated carboxylic group and nitrogen 
atoms of imine groups by overall complexes' lack 
of the band at 1731 cm−1 and the imine group's 
characteristic band shifting to a lower frequency 
[23]. The coordination patteren of (COO-)group 
is determined by the amount of ∆ (vas-vs) in our 

analysis of the IR-spectrum the amount greater 
than 200 cm-1, suggesting the connection of this 
group as a monodentate. Additional evidence that 
the bonding is improved from this angle is the 
appearance of additional bands of moderate 
strength that are observed within the range of 
frequencies (472-659) cm−1. The assignment of 
these bands is caused by the stretching vibrations 
of both v(M-N) and v(M-O) [24]. 

 
                                           A                                                                         B 

Fig. 1. The spectral output of infrared of the (cipro-p-ph) and its complexes: A-(cipro-p-ph); B- 
Cobalt (II) complexes 

 
 Table 2. FT-IR spectroscopy data for (cipro-p-phd) and complexes 

 

 

Ligand and its  
complexes 

cipro-
p-phd 

[Co2(cipro-p-
phd) 

(H2O)2Cl2]Cl2 

[Ni2(cipro-
p-phd)Cl4] 

[Cu2(cipro-p-
phd) 

(H2O)2Cl2]Cl2 

[Zn2(cipro-p-
phd) 

(H2O)2Cl2]Cl2 

[Cd2(cipro-p-
phd) 

(H2O)2Cl2]Cl2 

 
 
 
 
 
 

FT-IR 
spectrum 

H2O; -
COOH; 
ν(OH); 

3385 3472 
 
/ 

3375 3478 3334 

 COOH 
ν(C=O) 

1731 
 
/ 
 

 
/ 

 
/ 

 
/ 

 
/ 

ν (C=N) 1626 1620 1620 1617 1612 1610 

ν 
(COO-

)asy 

 
/ 

1513 1560 1512 1554 1531 

ν 
(COO-

)sy 
1370 1312 1335 1312 1342 1300 

ν (O-
M) 

 
/ 

467 475 546 542 477 

ν(N-M) 
 
/ 

659 632 653 625 659 
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1H-NMR Analysis 
  Fig. 2 shows 1H-NMR spectra of the 

ligand and Cadmium complex combination 
obtained in DMSO at room temperature, using 
TMS as the internal standard. The Cadmium (II) 
complex spectrum's loss of the characteristic 
singlet at 15.12 ppm, which was previously 
identified in the ligand's spectrum, indicates that 
the ligand's coordination with the protonated 
carbonyl group's oxygen atom [25]. Additional 
bands may be visible in the Cadmium (II)-
complex's 1H-NMR spectra  
at concentrations of (4.32-4.58) ppm. These  

bands are the result of coordinated water 
molecules existing within the complex, which is 
what causes them to appear. As stated, we can 
summarize the chemical changes δH in ppm. 

A-(cipro-p-phd): 1.18-1.2 ppm, δH(-CH2, -
CH)/cyclopropan), δH,(-CH2 aliphatic 3.34-
3.85),  δH(-NH; piperazine = 2.48), δH(-NH2

+= 
2.49), δH(-COOH=15.12), δH (-CH 
aromatic=7.50-9.41). B- [Cd2(cipro-p-
phd)(H2O)2Cl2]Cl2, δH(-CH2 and -CH =1.2-
1.35), δH(-NH2

+=2.49), δH(-NH; 
piperazine=2.09), δH(-CH aromatic=7.60-8.70), 
δH(-CH2 aliphatic=3.18-3.86). 

 

 
A 
                                                                            

 
B 

Fig. 2. The 1H-NMR-charts: A-(cipro-p-phd), B- [Cd2(cipro-p-phd) (H2O)2Cl2]Cl2 
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Thermal analysis measurements (TGA). 
Thermogravimetric studies (TGA) (Fig. 3) were 
performed on isolated solid complexes to collect 
information about their thermal stability, identify 
the type of water molecules linked to the 

complexes, and suggest a generic thermolysis 
approach [26]. The phases of complicated 
breakdown were thoroughly examined and 
enumerated in Table 3.  

      
                                      A                                                                                B 

Fig. 3. Thermogravimetric analysis for A-[Co2(cip-p-phd) (H2O)2Cl2] Cl2 and B-[Cu2(cip-p-phd) 
(H2O)2Cl2] Cl2 

 

Table 3. Thermal disintegration of the complexes 

Isolated complexes Disintegration steps 
Temperature.  

max ◦c 
Lost groups 

[Co2(cipro-p-phd) (H2O)2 

Cl2]Cl2.6H2O  
(Co2C40H48N8O8F2Cl2) Molecular 

Wight:1030.43 g/mol 

first step, second step 
 
 

loss Complete 
 

25-135, 
 
 

320-600 

6H2O (lattice), 2H2O (coordinated)  
2CO2 +3N2 +2HF +2HCl + 3H2 + 2NO 

+17C2H2 
2CoO + 4C 

[Ni2(cipro-p-phd)Cl4].5H2O 
(Ni2C40H40N8O8F2Cl2) 

Molecular Wight:1030.45 g/mol 

first step, second step 
 

loss Complete 
 

25-125, 
 

125- 600 

5H2O (lattice), 2HF+4NO+2HCl+2N2 

+18C2H2+ 
2NiO+4CO 

[Cu2(cipro-p-
phd)(H2O)2Cl2]Cl2.3H2O 

(Cu2C40H48N8O6F2Cl2) Molecular 
Wight:1039.73 g/mol 

first step, second step 
 
 

loss Complete 
 

25-125,125-
290 

 
290- 600 

3H2O (lattice), 2H2O (coordinated)  
2HCl + 2HF + CO + 17C2H2 +2NO + 

3N2 
 

Cu2O + 5C+3H2 

[Zn2(cipro-p-
phd)(H2O)2Cl2]Cl2.6H2O 
 (Zn2C40H48N8O13F2Cl4) 

Molecular Wight:1043.42 g/mol 

first step, second step 
 
 

loss Complete 
 

25-125,125-
355 

 
355- 600 

6H2O /lattice, 2H2O/ coordinated  
C2N2 + 2HF + 2HCl 18C2H2+ 2H2 

+5N2 
 

4C +2ZnO  

[Cd2(cipro-p-
phd)(H2O)2Cl2]Cl2.6H2O  
(Cd2C40H48N8O13F2Cl2) 

Molecular Wight:1137.47 g/mol 

first step, second step 
 

loss Complete 
 

25-125, 125-
300 

 
300- 600 

 

6H2O/ lattice, 2H2O/ coordinated  
18C2H2+ C2N2 + 2HF + 2HCl + 2H2 

+5N2 
 

2CdO + 4C 
 

The following formulas (Table 3) for the 
ligand and complexes can be suggested based on 
the measurement above.  

Bacteriological Testing. When compared 
to ciprofloxacin, the findings of the antibacterial 
activity research showed that every metal 

complex was efficient against the tested 
microorganisms (Fig. 4). One possible 
explanation for the potent antibacterial action of 
(cip-p-phd) is to claim that only lipid-soluble 
substances can get through the lipid membrane 
that envelops the cell. This is among the most 
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likely reasons. Lipo solubility is a crucial 
characteristic that is involved in determining the 
antibacterial activity of drugs that belong to this 
category. From this moment on, the ligand's 
polarity will be reduced more than it was before. 

It will be like this. This is because donor groups 
will start to overlap with the ligand orbital. 
Furthermore, it enhances the ligand's 
lipophilicity and promotes the π-electrons' 
dispersion throughout (cipro-p-phd) ring [27].  

 

 
Fig. 4. Data from antimicrobial screening of (cipro-p-phd) and the complexes 

 
Molecular Docking Analysis. According 

to the outcomes of molecular docking, the 
chemical (cipro-p-phd) exhibits binding modes 
with DNA gyrase that are very similar to the 
binding mode of clorobiocin. The development 
of (cipro-p-phd)-protein complex in the E. coli 
DNA gyrase active site is depicted in Fig. 5, (1i-
1j) (ID: 1KZN), with a ΔG value of the linkage 
energy of -7.8 kcal/mol. Green dotted lines 
demonstrate the three amino acids' hydrogen 

bonding GLN 72, LYS57, THR167 stabilized the 
complex that was created. Different colored 
dotted lines are used to indicate various bonding 
contact types, such as Halogen-Fluorine, pi-
Anion, pi-Sigma and pi-alkyl, among others. The 
ligand-protein combination within the E. coli 
DNA gyrase active site exhibits a ΔG value of the 
binding energy of -5.9 k calorie/mol when 
compared to the well-known antibiotic 
Ciprofloxacin [28] (2i-2j). 

 

 
1i 

 
1j 

 
2i 

 
2j 

Fig. 5. Interaction of chemical: Ciprofloxacin (2i) with enzyme of E. coli (cipro-p-phdn) (1i) and 
(1KZN: ID) in a 3Dimention ribbon. Compound (cipro-p-phdn) (1j) and Ciprofloxacin (2j) show 
2Dimention interactions with specific amino acid residues of E. coli (1KZN: ID) enzyme. 
 

However, Fig. 6 (3f-3g) demonstrated the 
development of a compound (cipro-p-phd)-
protein complex with a ΔG the binding energy's 
value -8.6 k calorie/mol in the active site of S. 
aureus DNA gyrase (ID: 3g75). Three amino 
acid hydrogen bonds stabilized the ligand-
protein combination, LYS 78, THR 212, GLN 
66. Along many bonding contact kinds (such as: 
pi-Sigma 80, pi-alkyl with VLA: 174, salt bridge 

224 GLU), Different kinds of bonding 
interactions and hydrophobic interactions (like 
van der Waal's, pi-cation and pi-Alkyl etc.). In 
contrast to the well-known antibiotic 
ciprofloxacin,  (cipro-p-phd) -protein 
combination within the ΔG binding energy of the 
S. aureus DNA gyrase's active site is -5.5 k  
calorie /mol (4f-4g). 
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3f 

 
3g 

 
4f 

 
3g 

 
  

                                                                                                                                    4c 
Fig. 6. Interaction of chemical: (cipro-p-phd) (3f), A stick model for Ciprofloxacin  (4i) and (cipro-
p-phd) (3i), Ciprofloxacin (4f) and enzyme of S. aureus (ID: 3g77) in a 3Dimention ribbon exhibit 
three dimension interactions with specific amino acid residues of the S. aureus (ID: 3g76) enzyme. 
Ciprofloxacin (4c) Compound with (cipro-p-phd) (3c) demonstrate two-dimensional interactions with 
specific amino acid residues of S. aureus (ID: 3g77) enzymes. 
 

Activity of antioxidant measurement. 
The presence of NH-groups may be the cause of 
the Schiff base ligand's and its copper complex's 
high Radical Scavenging Activity (RSA). These 
groups are capable of giving DPPH an electron 
or a hydrogen atom, which creates a stable free 
radical. The high RSA is a result of these. This 

radical can be stabilized via the delocalization 
process. They can also operate as scavengers of 
free radicals, as demonstrated by their ability to 
transfer electrons and/or hydrogen atoms. 
However, none of the compounds exhibited 
better radical scavenging efficacy than the 
standard ascorbic acid Table 4.  

 
Table 4. Anti-oxidation measurements of the compounds 

 
 
 
 
 
 
 
 
 
 
 
 
 

Active antioxidant properties are present in 
both the ligand and the copper complex it forms. 
The measurements were used to determine the 
percentage of scavenging that indicated the 
activity of (cipro-p-phd) and its Copper (II) 
complex. 20 ppm, 40 ppm, and 60 ppm of 
[Cu2(cipro-p-phd)(H2O)2Cl2]Cl2 73.3, 75.9, and 
79.5 respectively. Ascorbic acid is represented 

numerically by the numerals 86, 92, and 84 
(A.A). Strong free radical scavenging activity 
was demonstrated by the Schiff base ligand and 
its copper complex against the generation of free 
radicals brought on by (2,2-diphenyl-1-
picrylhydrazyl) at a variety of concentrations. 
This was demonstrated by conducting a number 
of tests to illustrate the concept. The three 

                   Complex 

The percentage of ligand and its 
compounds that scavenge 

20 ppm 40 ppm 60 ppm 

(cipro-p-phd) 72.8 70.8 70.9 

[Co2(cipro-p-phd) (H2O)2Cl2]Cl2 71.2 70.7 68.2 

[Ni2(cipro-p-phd) Cl4] 76.6 72.3 72.5 

[Cu2(cipro-p-phd)(H2O)2Cl2] Cl2 73.3 75.9 79.5 

Ascorbic acid(Vit.C) 84 86 92 
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different concentrations available are 20 µg/ml, 
40 µg/ml, and 60 µg/ml. The available options 
are made up of these values. Actual ascorbic acid 
is now the standard used for ascorbic acid 
measurement [29].  

Computational studies (DFT). We can 
determine the specifics of the highest occupied 
and lowest unoccupied molecular orbital 
energies (HOMO and LUMO) by: application of 
Frontier Molecular Orbital (FMO), as illustrated 

in Fig. 7. Understanding everything pertaining to 
the electrical arrangement and reactivity of 
different kinds of molecules  requires an 
understanding of these ideas. The LUMO and 
HOMO energies have been computed using 

Density Function Theory 
஻ଷ௅௒

௉଺ିଷଵଵାାீሺௗ,௣ሻ 
  system, 

Several parameters that are stated in Table 5 and 
computed using the following equations are 
obtained through this system [30]: 

 
1. The energy of Ionization =  -EHOMO 

2. The Gap energy (∆EGAP) = (ELUMO- EHOMO) 
3. The Hardness of Global (ƞ) = (ELUMO- EHOMO/2) 
4. The Electronegativity of Absolute (χ) = (1+A/2) 
5. The Index of Electrophilicity (ω) = (χ2 / 2 ƞ) 
6. The Softness Chemical (σ) → (σ= 1/ ƞ) 
 
The LUMO and HOMO energy gap can be 

used to identify a variety of molecular 
characteristics, including optical polarizability, 
kinetics, chemical stability, and chemical 
hardness/softness [31]. When compared to hard 
molecules, a molecule with a smaller energy gap 
is more effective since it is a soft molecule with 
a high degree of polarization. Among the other 

complexes in our study, the Nickel (II)-complex 
has the previously mentioned features. The 
stability sequence of the molecule can be 
summed up as follows using the DFT data: 
Zinc(II) 
complex>Cadmium(II)complex>Copper(II)com
plex>Cobalt(II)complex>(cipro-p-
phd)>Nickel(II) complex.  

  
Table 5. Quantum chemical characteristics calculated for cipro-p-phd and its complexes 

Ligand and 
Complexes 

 

EHOMO 
 
 

ELUMO ∆E 
I 
 

A 
 

∆N 
 

η 
σ 
 

χ 
 

L( cipro-p-phd) −4.553 −2.078 2.472 4.553 2.078 1.238 3.317 0.808 1.492 
L(Co) −2.878 −2.118 3.115 10.728 7.615 1.557 9.172 0.643 −0.693 
L(Ni) −2.877 −2.115 0.766 2.878 2.115 0.383 2.498 2.617 5.892 
L(Cu) −5.141 −1.571 3.571 5.141 1.571 1.786 3.356 0.562 1.023 
L(Zn) −5.988 −0.921 5.068 5.988 0.921 2.536 3.455 0.394 0.699 
L(Cd) −5.217 −0.869 4.347 5.217 0.869 2.175 3.043 0.461 0.912 

 

           
 
 
 
 
 
 
 
 
    
 

                     ΔE= 0.766                                                     ΔE= 3.572 
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Fig. 7. Optimized structures and HOMO / LUMO of the cipro-p-phd and its complexes  
 

Conclusion 
 

We can describe the key finding by using 
the obtained results. Tetra dentate bi-negative 
charge behavior is displayed by the ligand. With 
the exception of the Nickel (II)complex, which 
has a square shape, all complexes have a 
tetrahedral structure. The ligand and its 
complexes exhibit antioxidant properties by 
occupying free radicals, such as ascorbic acid. 

The ligand shows high efficacy against certain 
bacterial species. Moreover, a molecular docking 
investigation that demonstrated the compound's 
ability to connect with bacterial DNA gyrase has 
validated these findings. Comparing the chosen 
compound's binding energy to that of the 
antibiotic Ciprofloxacin, it can be said that it has 
the potential to be an antibacterial agent. 
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