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Abstract: The synthesis and characterization of Co(II) and Ni(II) mixed ligand complexes are derived
from isoniazid, 9-fluorenoneandoxalate. The metal complexes were characterized on the basis of
elemental analysis, IR, UV-visible, CV, PXRD, and molar conductance analytical data, viz., all the
metal complexes were suggested in an octahedral geometry, respectively. The mixed ligand complexes
are formed in the 1:1:2:1 (M:L1:L2:L3) ratios, as found from the elemental analyses, and originate
to have the formula [M(L1)(L2)2(L3)]. Where M = Co(II), Ni(II), L1 = isoniazid, L2 = 9-fluorenone,
and L3 = oxalate. The molar conductance data reveals that the complexes are non-electrolytes. The
cyclic voltammogram of the Co(II) complex revealed that the quasi-reversible single electron transfer
process and Ni(II) complex corresponding to a one-electron transfer process were observed during
controlled potential electrolysis. IR spectra show that the ligands are coordinated to the metal ions
through N and O donor sites of isoniazid-N, 9-fluorenone-O and oxalate-O. Magnetic moment values
and UV-visible spectra were used to infer the coordinating of the geometrics of these complexes
found to be octahedral. The PXRD patterns suggest that all the complexes are crystalline phases. The
metal chelates have been screened for antimicrobial, antioxidant and anti-inflammatory activities,
and our findings have been reported, explained and compared with some known antibiotics.

Keywords: mixed ligand complexes; antimicrobial activities; antioxidant; anti-inflammatory

1. Introduction

The mixed ligand-metal complexes are important fields of bioinorganics, medicine,
chemistry, photochemistry, molecular biology, electromagnetism chemistry, etc. [1]. The
coordination behavior of Co and Ni has been explored as an interesting topic in inorganic
biochemistry [2]. Typically, the pharmacological importance of such compounds’ magnetic
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properties and diverse catalytic performance is being explored. Recently, a few studies
on the antimicrobial effects of Co(II) and Ni(II) complexes have been reviewed [3]. Co(II)
and Ni(II) complexes exhibit higher activity than their source donors and are therefore
favorable to human health. The antibacterial and antifungal properties of Co(Il) and
Ni(II) complexes were exceptional [4]. Numerous inorganic researchers are working to
improve pharmacological therapeutic effects by synthesizing powerful medicines with
improved therapeutic effects on microorganisms that have developed resistance to prior
drugs. Researchers are more interested in metal-drug complexes because of their various
medical applications in the treatment of ailments [5]. Transition metal compounds play
such an important role in the creation of Co(Il) and Ni(II) metal complexes as medicines for
the treatment of a wide range of diseases in one of the most active fields of research. One of
the most essential aspects of medical bioinorganic chemistry is the ability to understand
and cure diseases caused by poor metal-ion function at the molecular level. In biology,
metal ions are needed as medicines and diagnostic agents [6]. The researchers selected
the metal and its oxidation state, as well as the amount and types of coordinated ligands
and the complexes coordination geometry. The ligands are important in defining the type
of secondary coordination sphere interactions involved in the identification of biological
targets, as well as controlling the metal’s reactivity [7].

Isonicotinylhydrazide, also known as isoniazid, was first used in the treatment of
tuberculosis in 1952. Isoniazid complexes have been found to be relatively stable and
to have interesting biological properties. As a result, more research into the synthesis
and structural elucidation of metformin and isoniazid complexes has been conducted [8].
The INH contains donor atoms, such as nitrogen, oxygen, and carbonyl, and when they
combine with metal ions, they form complexes with various geometries that are biolog-
ically active [9]. INH metal complexes have been identified as models for biologically
significant species. As a consequence, the study of metal complexes of INH has exploded in
popularity in the recent decade. Most of the compounds have anti-inflammatory, analgesic,
anticonvulsant, antituberculous, anticancer, anti-HIV, and antibacterial effects, according to
reports [10]. The biocompatibility of 9-fluorenone has been discovered to be quite interest-
ing. The arylsulfonylspiro[fluorene-9,5'-imidazolidine]-2’,4’-diones, which are found in
mitochondrial enzyme moieties, have been shown to be effective [11]. In vitro, 9-fluorene
possesses cytotoxicities that are identical to cisplatin, a common chemotherapy drug.

The current research focuses on the synthesis, characterization, antibacterial, antioxi-
dant, and anti-inflammatory properties ofisoniazid, oxalate, and 9-fluorenone and their
Co(II) and Ni(II) mixed ligand complexes.

2. Materials and Methods
2.1. Materials

The reagents and solvents listed below were utilized in all the preparations and
characterizations. Without additional purification, all the reagents and solvents were
applied. Isoniazid, 9-fluorenone purchased from (Sigma-Aldrich, St. Louis, MO, USA)
at Mumbai, India; solvents: DMSO, DMF, methanol, ethanol, and acetonitrile (AnalaR
grade), cobalt nitrate, nickel nitrate, sodium oxalate (AnalaR grade) purchased from Merck
at Mumbai, India.

2.2. Characterization

The bonding and structure of the complexes generated were explained using various
physical methods. While elemental analyses with an Elementar Vario EL III CHN(O) ana-
lyzer at SITC, Cochin were used to describe the complexes, they were also computerized.
Finally, the elemental percentage, metal estimate, and electrical conductance analysis were
performed at 25 °C with a dip-type standardized platinum cell using a digital conductivity
bridge (Equiptronics EQ 660). The researchers utilized complicated acetonitrile solutions
to the order of 1073 M. Cyclic voltammograms of a complexes in DMF solution at room
temperature were recorded at Versa STAT (Princeton Applied Research-model) electro-
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chemical analyzer and MC. FT-IR spectra were recorded using Agilent spectrophotometer
with the range of 4000-400 cm ! based on KBr pellet technique. The UV-visible spectra
of the complexes were recorded in the absorption range of 200 to 800 nm and wavelength
accuracy, which was about &£ 0.1 nm, by using the Perkin-Elmer spectrophotometer. The
magnetic moments of the complexes at room temperature were determined by using a
Lakeshore VSM-7410 model vibrating sample magnetometer. The powder X-ray diffraction
meter (XRD-600, Shimadzu, model—PW3050/60) using CuKal = 1.5406 A and K2 1.5444.

2.3. Metal Estimation

With dil. HCl or dil. H,SOy, a known weight of metal complexes, was decomposed
and made up to the mark in a standard measuring flask. Metal ions in the complexes
formed metal sulphate or chloride, which was used to estimate metal ions in the complexes
using volumetric, colorimetric, and gravimetric estimations [12].

2.4. Preparation of Cobalt Complex

Cobalt nitrate 1.00 g (3 mM) diluted in 10 mL of methanol, isoniazid (3 mM) (L1)
0.471 g in 20 mL of ethanol was added in drops with steady stirring and then 9-fluorenone
(6 mM) (L2) 1.238 g in 20 mL of ethanol. The mixture was stirred and sodium oxalate
(3 mM) (L3) 0.460 g in 10 mL of water was added and heated on a magnetic stirrer for about
10-15 min. The dark pink colored precipitated colored complex was filtered, washed with
ethanol and dried and kept in an airtight glass container (Schematic, Figure 1).

M = Co(ll) and Ni(ll)
Figure 1. Schematic representation of Co(II) and Ni(II) mixed ligand complexes.

2.5. Preparation of Nickel Complex

Nickel nitrate 1.00 g (3 mM) dissolved in 10 mL of methanol, and isoniazid 0.472 g
(3 mM) in 20 mL of ethanol was added in drops with constant stirring and then 9-fluorenone
1.239 g (6 mM) in 20 mL of ethanol. The mixture was stirred and sodium oxalate 0.461 g
(3 mM) in 10 mL water was added and heated on a magnetic stirrer for about 10-15 min.
The green-colored precipitated complex was filtered, washed with ethanol and dried and
kept in an airtight glass container (Schematic, Figure 1).

2.6. Antimicrobial Activities
2.6.1. Determination of Antimicrobial Activity
Microorganisms
The microbial strains employed in the biological assays were Escherichia coli (MTCC 732),

Staphylococcus aureus (MTCC 3160) and Bacillus subtilis (MTCC 441) for bacteria and As-
pergillus niger (MTCC 10180) and Candida albicans (MTCC 183) for fungal strains. Obtained
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from the microbial type culture collection (MTCC) at the Institute of Microbial Technology
(IMTECH), Chandigarh, India.

Preparation of Medium

In 1000 mL of distilled water, we dissolved 28.0 g of nutritional agar, brought it to a
boil, and then thoroughly dissolved the medium. We sterilized for 15 min in an autoclave
at 15 Ibs pressure (121 °C). We then filled the sterilized Petri dishes with the mixture. In
1000 mL of distilled water, 39.0 g of PDA was suspended. We brought it to a boil, and then
thoroughly dissolved the medium. We sterilized for 15 min using an autoclave at 15 Ibs
pressure (121 °C). When a pH of 3.5 was necessary, we thoroughly mixed the medium
before dispensing in a specified flask, acidified the medium with sterile 10% tartaric acid.

For 100 mL of sterile cooled medium, approximately 1 mL of acid was required. After
adding the acid, do not heat the medium. In a Roux bottle, a loop containing each of the
microorganisms was suspended in about 10 mL of physiological saline. Except for fungal,
which was incubated at 25 °C for 48 h, each of these was streaked onto the appropriate
culture slants and incubated at 37 °C for 24 h. When growth was observed after the
incubation period, the tubes were stored at 2-8 °C until used.

Preparation of sample solutions and dried filter paper discs. Samples were taken,
10 mg dissolved in 10 mL of DMSO and standard solution as chloramphenicol for bacteria
(10 mg/mL distilled water), fluconazole (10 mg/mL distilled) for fungi. They were kept
under refrigerated conditions unless they were used for the experiment. Whatman filter
paper (No:1) was used to prepare four discs approximately 6 mm in diameter, which
were placed in hot air for sterilization. After sterilization, discs were loaded with 30puL
of each sample. The standard solution was chloramphenicol and fluconazole 30uL and
control 30 pL was used to compare the test solution, respectively. They were kept under
refrigerated conditions unless they were used for the experiment.

Antimicrobial Assay

Antibiogram was done by the disc diffusion method using samples. Petri plates were
prepared by pouring 30 mL of nutrient agar (NA) medium and potato dextrose agar (PDA)
medium. The test organism was inoculated on a solidified agar plate with the help of a
micropipette and spread and allowed to dry for 10 min. The surfaces of the media were
inoculated with bacteria from a broth culture. A sterile cotton swab was dipped into a
standardized microbes test suspension and used to evenly inoculate the entire surface of
the nutrient agar/PDA plates. Briefly, inoculums containing microbial strains were spread
on nutrient agar /PDA plates. Using sterile forceps, the sterile filter papers (6 mm diameter)
containing discs were loaded with 30 pL of each sample, 30 uL of control, and 30uL of the
standard solution were laid down on the surface of an inoculated agar plate. The plates
were incubated at 37 °C for 24 h for the bacteria and 48 h for fungal strains. Each sample
was tested in triplicate. The antimicrobial potential of test compounds was determined on
the basis of a mean diameter of the zone of inhibition around the disc in millimeters. The
zones of inhibition of the tested microorganisms by the samples were measured using a
millimeter scale [13,14].

2.7. In Vitro Antioxidant Activity
DPPH Radical-Scavenging Activity Assay

In a nutshell, a 2 mL aliquot of DPPH methanol solution (25 pg/mL) was added
to 0.5 mL of the sample solution at various concentrations (20, 40, 60 and 80 ng/mL).
The mixture was vigorously shaken and set aside for 30 min at room temperature in the
dark. The absorbance was then measured in a spectrophotometer at 517 nm. Higher free
radical-scavenging activity was indicated by the reaction mixture’s lower absorbance [15].

Radical Scavenging activity (%) = (Ac — Ag)/Ac x 100
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where Ac = control denotes the absorbance of the control and Ag = sample denotes the
absorbance of the reaction mixture (in the presence of sample).

2.8. In Vitro Anti-Inflammatory Activity
Inhibition of Albumin Denaturation

The reaction mixture (5 mL) consisted of 0.2 mL of egg albumin (from fresh hen’s egg),
2.8 mL of phosphate-buffered saline (PBS, pH 6.4) and 2 mL of varying concentrations
of extracts (100, 200, 300, 400 and 500 ug/mL), respectively. A similar volume of double-
distilled water served as the control. Then the mixtures were incubated at 37 £ 2 °C in an
incubator for 15 min and then heated at 70 °C for 5 min. After cooling, their absorbance
was measured at 660 nm by using a vehicle as blank. Diclofenacsodium at the final
concentrations (100-500 pug/mL) was used as a reference drug and treated similarly for
the determination of absorbance. The percentage inhibition of protein denaturation was
calculated by using the following formula [16]:

Percentage of inhibition (%) = [1 — Vt/Vc] x 100

where, Vt = absorbance of a test sample, Vc = absorbance of control.

Tests were carried out in triplicate for three separate experiments. The amount of sam-
ple needed to inhibit free radicals concentration by 50%, ICsq, was graphically determined
by a linear regression method using Ms-Windows-based GraphPad Instate (version 3)
software. Results were expressed as graphically/mean =+ standard deviation [17].

3. Results and Discussion
3.1. Elemental Analysis and Molar Conductance

The experimental value of Co(Il) and NI(II) mixed ligand complexes are in good
agreement with the theoretically calculated value with complexes molar radioratio 1:1:2:1
between metal and ligands. The complexs molecular formulas were determined using
the elemental analytical data. The percentage of each element contained in the complexes
provided in Table 1 can be used to confirm the complex based on the analytical results. At
25°Cand a1l x 10~3 M concentration of water, the molar conductance of metal complexes
was measured.

Table 1. Physical and analytical data for the mixed ligand complexes.

. Elemental Analysis (%) Magnetic Am
l\?‘ Complex l\{:Iolecuiar %Z;eixlar Color Y(I;I)d Moment Q -1 cm?
o. ormula 8 o C H N o M (B.M) mole—!
Dark 61.12 3.44 6.29 16.78 8.83
1 [Coln(L2n@d)] CuHnNiOyCo 66712 S50 82 (ol Gon @0 ek (son) 430 20.00
2 [NN(LD)L2(L3)] CaHiNsO/Ni 66725 Green g0~ Obl4 344 629 1678 = 879 2.90 06.00

(61.90) (3.64) (639 (1670) (8.69)

The low conductance range 0620 Q! cm? mole™! indicates Co(IT) and Ni(IT) com-
plexes are of a non-electrolyte nature (1:0 types) as shown in Table 1 [18].

3.2. Cyclic Voltammogram

The electrochemical characteristics of cobalt complex were investigated using cyclic
voltammetry (CV) in a DMSO solution at ambient temperature in the potential range —2.0
to 1.5 V versus an Ag/AgCl reference electrode under a nitrogen environment. Figure 2a
shows the cyclic voltammogram of the cobalt complex. It reveals two cathodic reduction
peaks at —0.64 and +0.9 during the forward scan, which is attributed to Co(II) — Co(I) and
Co(I) — Co(0), respectively. The reverse scan shows two anodic oxidation peaks at +1.2 and
—1V are attributed to Co(0) — Co(I) and Co(I) — Co(lIl), respectively. The non-equivalent
current intensity of cathodic and anodic peaks indicates that the cobalt complex has a
quasi-reversible characteristic [19].
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Figure 2. (a). Cyclic voltammogram of Co(II) complex. (b). Cyclic voltammogram of Ni(II) complex.

Using cyclic voltammetry (CV) in a DMSO solution at ambient temperature in the
potential range —2.0 to 2 V versus an Ag/AgCl reference electrode in a nitrogen atmosphere,
the electrochemical properties of Ni(Il) complex were examined. Figure 2b depicts the
electrochemical properties of the Ni(II) complex having a reduction peak at 0.31 V that
corresponds to the Ni(II) reduction to Ni(I), as well as an oxidation peak at 0.52 V that
corresponds to Ni(I) oxidation to Ni(Il) (II). During controlled potential electrolysis, a peak
corresponding to a one-electron transfer process was observed [20].

3.3. UV-Visible Spectra and Magnetic Moments

In the DMSO medium, the electronic spectra of Co(II) and Ni(II) metal complexes were
recorded, as shown in Figure 3. The Co(Il) complex exhibited three bands at 608 nm, 502 nm
and 362 nm, which are assigned to 4ng(F) — 4T1g, 4A2g(F) — 4T1g (LMCT) and 7 — 7t
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transitions respectively, and the lower bands are due to d-d transitions. These transitions
suggest octahedral geometry for the complex. Furthermore, the Co(II) complex effective
magnetic moment (L) is 4.30 BM, which is characteristic of octahedral geometry [21].

1.2
\ 278 nm
\..
1.0 \
J 362 nm Co(ll)Complex
£) .
S 0.8 Oonm Ni(Il)Complex
@ 4
O
S
a 0.6
o 4
(%]
!
<L 04
0.2
i T T T T T T T
200 300 400 500 600 700 800

Wavelength (nm)
Figure 3. UV-visible spectra of Co(II) and Ni(II) complexes.

The Ni(II) complex showed three prominent bands at 578 nm, 350 nm and 260 nm,
which may be tentatively assigned to 3Tpg(F) <= 3Agg, 3T14(F) <= Ay (LMCT) and t — 70
transitions, arising from the octahedral geometry. The effective magnetic moment value at
2.90 BM also indicated the octahedral arrangement [22].

3.4. IR-Spectrum of Metal Complexes

This section discusses the infrared spectra of INH, 9-flurorenone and oxalate ion Co(II)
and Ni(II) complexes are shown in Figures 4 and 5. In complexes, the major amide group
band emerges at 3208-3264 cm !, and NH stretching appears at 3431 cm ™! to 3381 cm 1.
The main amine involvement in the coordination of the metal ions is confirmed by the band
shifting to lower or higher wavenumbers.

The v(C=0) stretching vibrations of INH reveal a band at 1643 cm~" for Ni(I) com-
plexes and 1640 cm ™! for Co(II) complexes, confirming the ligands entry into the coordi-
nation sphere through an oxygen atom in a carbonyl group. These changes also support
INH role as a bidentate ligand that coordinates through the -NH;, and C=O groups. Other
frequencies in the complexes are moved to substantial alterations at the lower or higher
level, such as N-H (stretching), C-H (aromatic), and N-N (stretching) [23].

In addition, the oxalate ions extra ligand shows bands at 1551-1651 cm™" and
1497-1499 cm ! in the complexes, which correspond to vas(C=0) and sy(C=0), respectively.
These two carbonyl frequencies show that the oxalate ion active as a bidentate Chelation
that can coordinate to the metal ion via both oxygen atoms. The stretching frequency of
9-fluorenone C=0 moved to 1611-1613 cm ™!, verifying the ligand coordination through
the monodentate model’s oxygen atom in these complexes.

1
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Figure 4. FT-IR spectrum of Co(II) mixed ligands complex.
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Figure 5. FTIR spectrum of Ni(II) mixed ligands complex.
3.5. Powder XRD Analysis

The investigation of powder X-ray diffraction of Co(Il) and Ni(II) complexes is given
in (Figure 6). The presence of prominent crystalline peaks in the PXRD pattern of metal
complexes shows that they are crystalline. The lattice parameters of metal complexes were

calculated using a computer tool called XPERT high score plus, version 3.0.
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Figure 6. PXRD patterns of (A) Co(II)complex and (B) Ni(II)complex.

The lattice constants for the Co(II) complex are a = 10.82, & = 90°, b = 9.24(4), # =90°,
¢ =6.03(2), vy =90°, V = 65.25 and the crystal system Orthorhombic, Bravais, Primitive (P)
are the three types of polygons.

The complex lattice constants of Ni(Il) have PXRD patterns of a = 11.14, « = 90°,
b =9.59(4), B =90°, c=4.79(2), y =90°, V = 511.05, respectively. Orthorhombic, Bravais,
Primitive (P) crystal system.

Scherrer’s equation was used to determine the crystallite size [24].

D=0.9A/f cosb

where A = wavelength of X-ray radiation (Cu Ka = 1.5406 AY), B = (FWHM) full width at
half maximum, 0 = diffraction angle, and constant as 0.9. The average crystallite size of
Co(II), Ni(II) complexes were found to be 30.7 &= 14.7 and 53.1 & 18.1, accordingly.

3.6. Antibacterial and Antifungal Activities

The microbial activities of Co(Il) and Ni(Il) complexes were screened for gram-positive
and gram-negative bacteria and fungi. All test sample solution was prepared in MIC
30 puL using DMSO solvent. Chloramphenicol and fluconazole were used as standards for
antibacterial and antifungal activities [25]. The antimicrobial activities of metal complexes
result are given in Figures 7 and 8 and Table 2. The zone of inhibition results indicates that
the complex is an effect of the microorganism under an identical experimental condition.
The metal complexes show higher activity against E. coli and S. aureus at 30 uL concentration
compared to other bacteria. In-vitro antifungal activity of the Co(Il) and Ni(II) complexes
shows good activity against C. albicans compared to A. niger. The increase shown of mixed
ligand—-metal complexes can be explained based on the Chelation theory. On Chelation,
the polarity of the metal ion will be reduced 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 7-electrons over the whole chelate ring
and enhances the lipophilicity of the complexes. However, in comparison to the standard
drugs, the antimicrobial activities of the metal complexes are relatively low [26,27].
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Figure 7. Antibacterial activity of (RM1) Co(II) and (RM2) Ni(II) complexes zone of inhibition and
MIC 30 pL.

“Apergillus niger

B
S. Sha-I1

Figure 8. Antibacterial activity of Bacillus subtilis and Staphylococcus aureus.

Table 2. Antimicrobial activity of Co(II) and Ni(II) complexes.

RM1 RM2
Microbial Strains Co(II) Complex Ni(II) Complex Std. (30 uL) Con. (30 uL)
30 uL 30 uL
Escherichia coli 3.95 £ 0.27 3.80 £0.26 7.05 £ 0.49 0.65 £ 0.04
Staphylococcus aureus 3.55+0.24 3.45+0.24 6.50 + 0.45 0.40 £+ 0.02
Bacillus subtilis 3.70 £0.25 3.65 £0.25 6.75 £ 0.47 0.50 & 0.03
Candida albicans 3.35+0.23 3.30 £0.23 6.40 £ 0.44 0.35 £ 0.02
Aspergillus niger 3.10+£0.21 3.05+0.21 6.15 + 0.43 0.20 + 0.01

Values expressed as Mean + SD for triplicates, Standard: chloramphenicol (bacteria) and fluconazole (fungi);
mm: millimeter.

3.7. In Vitro Anti-Inflammatory Activities

The in-vitro anti-inflammatory activities of Co(II) and Ni(II) complexes were studied
by the denaturation method using protein (bovine serum albumin) with different con-
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centrations (100, 200, 300, 400 & 500 ug/mL), with diclofenacsodium used as a reference
drug. The percentage inhibition of protein denaturation was calculated and compared with
references shown in Table 3 and Figure 9. Three separate experiments were carried out and
the inhibition concentration of IC5y was also found. The results indicated the comparing
diclofenacsodium (96.05%) ICs value as 230.75, the Ni(II) complex (85.52%) ICsy value
as 265.09 with a very good anti-inflammatory agent compared to the Co(II) complexes
(81.64%) ICs¢ value as 265.03. The presence of a donor site in the mixed ligand ("N’ donor),
and ('O’ donor) present in the complex, shows the activity of the complexes [28].

Table 3. In vitro anti-inflammatory (egg albumin) activity of our samples.

% of Inhibitions IC=q Value
Samples >0
100 (ug/mL) 200 (ug/mL) 300 (ug/mL) 400 (ug/mL) 500 (ug/mL) (ug/mL)
Co(II) Complex 22.57 +1.49 42.65 +2.78 55.89 = 3.17 7392 £5.25 81.64 4= 5.98 265.03
Ni(II) Complex 23.68 £+ 1.65 44.73 £ 3.13 57.89 £+ 4.05 75.01 £5.25 85.52 £ 5.98 252.09
Std. (Diclofenac Sodium)  26.31 + 1.84 47.36 = 3.31 60.52 - 4.23 78.94 £ 5.52 96.05 &+ 6.72 230.75
Values expressed as Mean + SD for triplicates.
Egg albumin

120

=o—Co(ll) Complex =3 Ni(ll1) Complex Std. (Diclofenac Sodium)

100

80

60

% of inhibitions

40

20

100 (pg/ml) 200 (pg/ml) 300 (Lg/ml)

Concentration

400 (pg/ml) 500 (pg/ml)

Figure 9. In-vitro anti-inflammatory (egg albumin) activity of Co(II) and Ni(I) complexes.

3.8. In Vitro Antioxidant Activities

The antioxidant activities of the Co(II) and Ni(II) complex were evaluated based on
the radical-scavenging method using a standard DPPH free radical. The IC5( value is the
concentration of the complexes necessary to scavenge 50% of DPPH free radical. They
assessed changes in the free radical-scavenging ability of the Co(Il) and Ni(Il) on the basis
of the percentage of inhibition given in Figure 10 and Table 4, as well as the ICs value
of the tested complexes. When lowering the concentration of the reaction mixture, the
free radical-scavenging activity is higher. The DPPH scavenging activity of the Co(II)
complex is 85%,the IC5q value is 42.28, and the Ni(II) complex is 82%, ICs; value is 44.88,
representing that the complex is stronger free radical scavengers conferred to the standard
ascorbic acid [29,30].
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Figure 10. In vitro antioxidant (DPPH) activity of Co(II) and Ni(II) complexes.
Table 4. In vitro antioxidant (DPPH) activity of metal complexes.
% of Inhibitions
Compounds ICspValue (ug/mL)
20 (ug/mL) 40 (ug/mL) 60 (ug/mL) 80 (ug/mL)

R1 (Co(II) Complex) 23.18 + 1.62 48.63 + 3.40 75.45 + 5.28 85.90 + 6.01 42.28
R2 (Ni(IT) Complex) 21.82 +1.46 4592 + 3.54 70.97 £ 4.78 82.65 + 5.26 44.88
Std. (Ascorbic acid) 26.36 + 1.84 50.90 + 3.56 77.72 £ 5.44 93.18 + 6.52 39.40

Values expressed as Mean =+ SD for triplicate.

4. Conclusions

A number of physical, chemical, and spectroscopic approaches have been used to
develop and construct novel mixed ligands Co(II) and Ni(II) complexes. Based on FTIR,
UV-visible, C.H.N.O. analysis, magnetic moment, and powder XRD analysis, an octa-
hedral geometry was postulated for all the discovered compounds. The compounds
typical average crystallite size of Co(II), Ni(II) complexes were found to be 30.7 + 14.7 and
53.1 £ 18.1 nm, according to powder XRD examination. According to the molar conduc-
tance measurements of the complexes are non-electrolytes. The cyclic voltammogram of
the compounds revealed a single electron transport route. When compared to a typical
antibiotic, the antibacterial activity of the mixed ligand Co(II) and Ni(II) complexes is
moderate, according to the findings. The outcomes of DPPH techniques showed that
chemicals had the ability to grab electrons or hydrogen atoms and then interact with free
radicals or stop chain processes in a dose-dependent way. In comparison to normal ascorbic
acid, these complexes show a substantial scavenge efficacy. The complexes have good
anti-inflammatory properties; when compared to the standard medicine diclofenac sodium,
the Co(II) and Ni(II) complexes showed a good percentage inhibition.
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