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Abstract 

This study aims to investigate the synthesis and antimicrobial properties of cobalt oxide 

nanoparticles (Co3O4 NPs). Due to their small size and magnetic characteristics, nanoparticles 

show promise across applications like biomedical uses. Co3O4 NPs were synthesized using a 

green chemistry method involving cobalt chloride, trisodium citrate, and leaf extract from 

Phytolacca dodecandra. X-ray diffraction and Fourier transform infrared spectroscopy were used 

to characterize the crystalline structure and functional groups. Scanning electron microscopy 

revealed a cubic spinel structure with porous morphology. Antimicrobial efficacy against 

clinically isolated Staphylococcus aureus and S. haemolyticus was determined using disc 

diffusion and well diffusion assays. Minimum inhibitory concentration values indicated S. 

haemolyticus was more susceptible to Co3O4 NPs than S. aureus. Optimization of nanoparticle 

synthesis and examination of antibacterial mechanisms against drug-resistant pathogens can 

contribute to new therapeutic modalities. Understanding interactions between nanomaterials and 

biological systems also supports customized applications in fields like targeted drug delivery. 

Keywords: Cobalt Oxide, Nanoparticle, X-ray, Haemolyticus, Staphylococcus 

 



 
 Remittances Review  

July 2024,  

Volume: 9, No: S 3, pp.1204-1231 

ISSN: 2059-6588(Print) | ISSN 2059-6596(Online) 

1205           remittancesreview.com 

 

INTRODUCTION 

Nanoparticles may exhibit novel characteristics not seen in bulk materials, according to research, 

because of their very small size and high surface-to-volume ratio (Jamuna et al., 2023). As a 

bridge between the bulk and the atomic level, nanoparticles are recognized to have distinct 

chemical, electrical, and magnetic property sets (Madkour & Madkour, 2019). The utilization of 

these systems in pigments in paints, magnetic tapes, ferrofluids, magnetic refrigerants, colour 

imaging, catalysts, drug delivery systems, etc., creates an immediate technological push (Behera 

& Behera, 2022; Bilal
a,b

, 2021).  

Cobalt, a transition metal (d-block), finds its most common use in the ceramics and paints 

sectors. Dehydrogenation, hydrogenation, and hydroformylation reactions are only a few of the 

many organic processes that make use of its constituents as catalysts. Cobalt has several potential 

uses as a catalyst, nano-sensor, or component in nanoelectronic systems due to its unique 

electrical, catalytic, magnetic, and optical characteristics.  

In the past, cobalt and its three metastable phases—the epsilon, face-centered cubic, and 

hexagonal tightly packed—had a major impact as ferromagnetic metals (Iravani & Varma, 2020). 

Cobalt nanoparticles (NPs) may be synthesized using several well-established physicochemical 

techniques. Some examples of such approaches are solvothermal processes, hydrothermal 

treatment decomposition, liquid-phase reduction, and template-based procedures (Ranjbar 

Bahadori et al., 2020).  

These NPs have a wide range of important uses, including as photocatalysts, field effect 

transistors, energy storage, anode materials for rechargeable Lion batteries, solar cells, and 

electrochromic sensors. Because of their exceptional biological applications, these NPs also 

possess antioxidant, antifungal, antibacterial, anticancer, and enzyme-inhibitory characteristics. 

Although cobalt is an essential element, mammals only have limited amounts of it in their 

bodies, and they typically receive it from eating grains and green vegetables (Islam et al., 2023).  

Its involvement in cobalamin, vitamin B12, and a limited number of other cobalt-containing 

enzymes that have been discovered so far are important aspects of its biological activity 

(Balabanova et al., 2021). Owing to cobalt's significance in human metabolism, cobalt-based 
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materials appropriate for biomedical applications are becoming more and more significant 

(Vodyashkin et al., 2022). 

Cobalt nanoparticles have several applications, including energy storage, microelectronics, 

pharmaceuticals, contrast agents, and drug delivery systems(Thalji et al., 2021). The ability of 

cobalt nanoparticles to be magnetic is a crucial component(Oyarzún et al., 2015), This creates 

new opportunities for the targeted administration of drugs via nanoparticles(Mukherjee et al., 

2009). 

 Furthermore, it should be mentioned that cobalt nanoparticles' small size and physio-chemical 

characteristics make them useful as sensors for identifying a variety of chemicals(Luyts et al., 

2013).  

 The main techniques for producing cobalt/cobalt oxide nanoparticles and their applications in 

areas such as biomedicine and catalysis were the subjects of this study. Cobalt nanoparticles are 

highly sought-after and useful in several fields, such as diagnostics and cancer treatment, and 

they are also quite easy to obtain. Right now, there's a lot of interest in creating new cobalt 

nanoparticle production techniques because of how important nanoparticles are in a lot of 

different areas of human life(Gaur et al., 2021).  

Current techniques for producing cobalt nanoparticles must satisfy several critical requirements 

to guarantee high process efficiency: 1. A high yield of the desired crop (Xinran Li et al., 2020). 

The potential to produce nanoparticles with a specific structure (size, shape, and crystallinity). 

The method's safety and viability of acquisition(Shabatina et al., 2020). 

 Environmentally friendly methods (Rodríguez De Luna et al., 2020). The ability to scale by 

using the liquid phase reduction approach, Co NPs were successfully synthesized at room 

temperature, showing the reducing agent's reaction mechanism as well as the particle formation 

mechanism. Additionally, it was looked into how citric acid additions affected the size and form 

of the NPs that were produced(Usami et al., 2021). 

Ever since Meiklejohn and Bean discovered it in partially oxidized Co particles in 1956 

(Belkacem et al., 2023), There have been reports of exchange bias (EB) in several different 
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nanostructured systems. It happens when two materials are exchange-coupled at their interface, 

often one being ferromagnetic and the other antiferromagnetic, and they have considerably 

differing magnetic anisotropies(Gareeva et al., 2023). Exchange coupling of this kind usually 

shows up as a variety of phenomena, such as coercivity enhancement and changes of the 

hysteresis loop along the axis of the applied magnetic field (HE) and the magnetization axis 

(vertical shift, VS) (Jeon et al., 2022).  

Spin valves and other spintronic devices heavily utilize EB. (Ryu et al., 2020), It has enormous 

promise for making new nanostructured permanent magnets, for example (Mohapatra et al., 

2020). As a result, the impact has been thoroughly investigated, mainly about thin films and 

multilayers(F.-H. Wang et al., 2022), including discontinuous multilayers as well as in 

nanoparticles made using a range of methods (Anasthasiya et al., 2020), where the use of 

exchange bias has been suggested as a tactic to stabilize the FM core with an eye toward(Vivek 

et al., 2023) e.g., to postpone magnetic recording's superparamagnetic limit. Specifically, 

Co/CoO nanoparticles (NPs) have been investigated quite a bit since conventional equipment can 

easily perform magnetic characterization at the Curie and Néel temperatures. Cobalt NPs can be 

partially oxidized to generate (i) core-shell (metallic Co cores surrounded by a shell of native 

oxide(s)) or entirely oxidized to form cobalt oxides (CoO or Co3O4). (Du et al., 2020), 

Depending on the particle size, annealing temperature, and oxidant quantity, (ii) hollow or (iii) 

yolk structures (Xiang et al., 2022). 

 Reactive gas-phase aggregation can also yield NPs with Co and CoO phase mixing and large 

exchange bias fields (Ghoshani et al., 2021). To maximize the HE value, the diameter of the Co 

core and the thickness of the CoO shell are both important. It goes without saying that between 

the pure Co and CoO extremes (both with 0% bias), there must be an ideal core/shell geometry 

that varies with oxidation.) (Jaffari et al., 2021) , However, its existence at a certain Co/CoO 

ratio is associated with intricate aspects of the interface spin structure, which are frequently 

dictated by the CoO shell's size(Ghoshani et al., 2021) who discovered a critical size (based on 

energy concerns) below which EB vanishes (Bustamante-Torres et al., 2022), Our study indicates 

that the spin canting caused by lattice strain is a result of the strain dependence of the respective 

amplitudes of two distinct antiferromagnetic modulations in the shell, which results in a net 
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(uncompensated) moment of the (100) planes of the oxide at the core-shell interface(Gogoi et al., 

2023).  

According to those latter writers, the development of a maximum in the EB field is mostly 

dependent on the fluctuation of that moment with the shell thickness. Furthermore, we note the 

emergence of a soft FM phase in the field-cooled hysteresis loops, which results in the shape 

referred to as "hummingbird-like." (Deltell et al., 2021). Before discarding such interpretations in 

the context of our current findings, we critically examine earlier hypotheses regarding the phase's 

origin(Bragazzi et al., 2023).  

Globally, infectious diseases rank as the second leading cause of death for people(Bray et al., 

2021). Fever, elevated heart rate, fast breathing, anxiety, and insanity are common signs of 

infectious disorders. In certain cases, unchecked infection conditions might result in sudden 

death. The mainstay of treatment for severely ill patients with infections, antibiotics have 

prevented millions of deaths globally (Coates et al., 2020). However, patient compliance 

frequently prevents antibiotics from being delivered as effectively as they should, which 

invariably leads to less favourable patient outcomes and medication resistance (Bonkat et al., 

2022). The overuse of antibiotics in recent years has led to a widespread development of drug 

resistance to some routinely used antibiotics, which accelerates the formation of extremely 

deadly multidrug-resistant mutants (Terreni et al., 2021).  

Investigating novel therapeutic approaches is therefore crucial for improving the effectiveness of 

infectious disease control. In nature, cobalt (Co) and its compounds are extensively spread, and 

many human activities involve it (Ouyang et al., 2022). 

 Because cobalt is an essential component of vitamin B12, it is regarded as an essential trace 

element (González-Montaña et al., 2020). Cobalt has an impact on nerve cell protein and amino 

acid production as well as fatty acid metabolism. Additionally, cobalt compounds show promise 

in the medicinal field (Sayadi et al., 2022). Cobalt-based alloys, for instance, have exceptional 

strength, machinability, corrosion, and wear resistance, and can be utilized to create femoral 

heads, acetabular liners, femoral components, and stems—the frictional and supporting portions 

of artificial joints.  
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Nanoparticles (NPs) are ultra-small particles with a diameter of 1 to 1000 nm. They can be made 

of various materials, including metals, polymers, and lipids, and each has its benefits for delivery 

(Wang et al., 2020). Metal nanoparticles (MNPs), one of the most significant catalysts for 

biomedical applications, have drawn more attention in the last few decades (Bilal et al., 2019). 

Because of these MNPs' developing qualities, cobalt nanoparticles, or Co NPs, are employed in 

both the medicinal and technical domains(Flores-Rojas et al., 2022). As an illustration, a study 

revealed that Co-NPs can cause cell death (Bajpai et al., 2020), It suggests that Co NPs are 

feasible and relevant as new nanomedicines for possible phototherapy, thermotherapy, and 

chemotherapy (Xiaokun Li et al., 2022). 

 Cobalt can boost the production of certain enzymes and improve protein metabolism, which can 

improve a person's immunity (Ma et al., 2022). Cobalt nanoparticles (Co NPs) are utilized as 

possible therapeutic agents for the treatment of a variety of infectious disorders due to the metal's 

promising qualities (Ma et al., 2022). Co NPs have been shown to produce reactive oxygen 

species (ROS), which are in charge of counteracting the inhibitory effects of Co NPs on certain 

viruses, fungi, and bacteria. The biological activity and biomedical applications of Co NPs were 

compiled here, with a focus on their potential for anti-infectious treatment, which could aid in 

the future development of anti-infection tactics (Jiang et al., 2022).  

In rocks, soil, plants, and animals, cobalt is a silvery-grey, glossy, brittle, but durable metal that 

is found in large quantities in the natural world. With an atomic weight of 58.9, cobalt is a 

transition metal in the fourth row of the periodic table that is adjacent to nickel and iron (Ma et 

al., 2022). Cobalt can exist in both organic and inorganic forms and is a necessary trace element 

for human health (Jenkins et al., 2023). Vitamin B12 and its derivatives, which are the main 

component of cobalamin and act as cofactors for many different enzymes and protein 

components, are the most well-known organic forms (Lovelock et al., 2022). Vitamin B12, being 

a water-soluble vitamin, has the mineral cobalt in its center, arranged in a corrin ring with upper 

and lower ligands (Pereira et al., 2019). 

 Because of this, substances having vitamin B12 action are consistently referred to as 

"cobalamins." (Halczuk et al., 2023) To the best of the author's knowledge, no studies have 

established the antibacterial impact of Co NPs against all three of the selected bacteria in this 



 
 Remittances Review  

July 2024,  

Volume: 9, No: S 3, pp.1204-1231 

ISSN: 2059-6588(Print) | ISSN 2059-6596(Online) 

1210           remittancesreview.com 

 

investigation, even though several publications on the destruction of bacteria with Co or cobalt 

complex NPs are available. Additionally, there are currently insufficient studies comparing the 

antibacterial properties of Co NPs with widely used antibiotics. To ascertain the physical 

characteristics and gauge the antibacterial activity of the Co NPs against three bacteria that are 

resistant to several drugs, the current study was carried out (Abass et al., 2021). 

The aims and objectives of this study are to optimizing the synthesis and customizing the unique 

properties of cobalt nanoparticles is the overarching aim of this research. By precisely 

controlling characteristics like size, shape, and surface features through adjusted synthesis 

methods, we seek to enhance magnetic properties, biocompatibility, catalytic activity, and 

antimicrobial efficacy. Achieving improved size and morphology control at the nanoscale would 

support nanoparticles designed for tailored applications. Potential outcomes include more 

effective magnetic materials, catalysts, targeted drug delivery systems, and novel antibacterial 

therapies. Exploring cobalt nanoparticles' performance across industries, from energy storage and 

biomedicine to environmental remediation and data storage, could solve scientific and 

technological problems while advancing disciplines such as materials science and 

nanotechnology. Realizing their full potential will promote innovation, progress and 

interdisciplinary collaborations across sectors through customized cobalt nanoparticles optimized 

for diverse functions. 

MATERIALS AND METHODS 

Experimental Details  

Preparation and Optimization of Cobalt oxide Nanoparticles 

With minor adjustments, cobalt oxide nanoparticles will be created at ambient temperature using 

the simple chemical technique described by (Liang & Zhao, 2012). Initially, 10 ml of deionized 

water will combine with 0.235 g of tri-sodium citrate trihydrate (C6H5Na3O7.3H2O) while 

being constantly stirred at 150 rpm. Subsequently, 0.1 g of sodium borohydride (NaBH4) and 0.2 

g of cobalt chloride hexahydrate (CoCl2.6H2O) will be added simultaneously while being 

constantly stirred (at 150 rpm). When a significant amount of hydrogen is released during the 

reduction reaction, a boil in the solution can be observed. After the hydrogen emission ceases, a 
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magnet will be used to gather the greyish-black powder of nanoparticles, which will then be 

repeatedly cleaned with ethanol and deionized water before being allowed to dry for 24 hours at 

room temperature in the open.  

At ambient temperature, the magnetic characteristics of cobalt oxide nanoparticles will be 

investigated with the use of a Lakeshore 7407 Vibrating Sample Magnetometer (VSM). 

An X-ray powder diffractometer (D-maxIIA, Rigaku, Japan) will be used for structural analysis 

and crystallite size determination. The cobalt oxide nanoparticles will be annealed at 500 °C in a 

controlled environment and then pulverized gently using a mortar and pestle at room temperature 

before XRD analysis. Within the 2θ range of 20° to 80°, this diffractometer will be run at 30 kV 

using CuKα radiations with a wavelength (WL) of λ= 1.54060 ʺ. 

 

Optimization technique 

 X-ray diffraction (XRD, Bruker D8 Advance, and Cuka) will be used to study the crystal 

structure of cobalt oxide nanopowders (CO3O4) in two ranges of 20 to 80. The CO3O4 NPs' 

FTIR spectra will be analyzed using FTIR Shimadzu, and utilizing the KBr sample approach, 

absorption values will be collected in the range of 4000 cm1 to 400 cm1. A Carl Zeiss SUPRA-

55 scanning electron microscope will be used to examine the surface morphology. An EDX 

(Quantax 200 with X-Flash Bruker) analyzer connected to a Carl Zeiss SUPRA-55 apparatus 

will be used to determine the chemical composition. 

The Jasco V-670-UV visible reflectance spectrometer will be used to study the optical bandgap. 

Using a 250 nm excitation wavelength, the luminescence spectrometer LS45 captured the 

sample's emission spectra. An Elico SL-150 spectrophotometer, a UV-Vis spectrophotometer 

with a diffuse reflectance attachment for powder samples, will be used to measure the optical 

band gap of the produced Co3O4 nanoparticles. FTIR (Perkin Elmer 65, PerkinElmer, Inc., and 

Waltham, USA) techniques will be used to characterize both green and chemically generated 

NPs to gather information about the functional groups. 

Antibacterial Activity Test 
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Preparation of inoculum 

The first step involved taking 2.5 mg of nutritional broth, dissolving it in 100 mL of distilled 

water, and then preparing it in two conical flasks before sterilizing them. A clinically isolated 

strain of Staphylococcus aureus will be injected into a single conical flask. A clinically isolated 

strain of Staphylococcus haemolyticus will be introduced to the other conical flask. After being 

injected with nutritional broth, these bacterial cultures will rotate at 100 rpm for about 24 hours 

(Chen et al., 2007). 

Disc Diffusion Method 

Using a modified approach, the disc diffusion method will be used to conduct antibacterial 

testing on nutrient agar with a suspension of bacteria. Submerging the swab in the bacterial broth 

culture is the next step. To extract the excess fluid, push the swab gently against the interior of 

the tube. Grass may be grown by streaking an agar or nutrient agar plate with a swab. If you 

want your stripes to stand out, try striping the plate in three different directions: diagonally, at an 

angle to the first, and then second. Subsequently, the swab will be utilized to streak the agar's 

outside diameter. For 24 hours, the infected plates will be incubated at 37 °C (Mohandes et al., 

2023). 

Dispensers with spaced-out antibiotic discs or flame-sterilized forceps used to place individual 

discs on top of the agar surface are also viable options for this task. Next, to evaluate the 

antibacterial activity, the diameter of the zone of inhibition against the tested strains of 

Staphylococcus aureus and Staphylococcus haemolyticus will be measured using a ruler and 

calipers. Using the agar disk diffusion technique, the antibacterial activity of the CO 

nanoparticles will ascertained. C-1 (1 mg/ml), C-2 (50 mg/ml), and C-3 (100 mg/ml) were the 

doses employed in the disk diffusion method to assess the antibacterial activity of the as-

prepared cobalt oxide (Co2O4) nanoparticles against three distinct bacterial strains: B. subtilis, 

Staphylococcus haemolyticus, and Staphylococcus aureus 

 First, the bacteria will be cultivated for a whole night in nutritional broth. Distribute 50 μl of the 

bacterial solution evenly across the nutrient agar plates until they seem dry. After that, 5 mm 

sterile paper disks will be placed on the dishes. Water served as the negative control (Huh & 
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Kwon) and the antibiotic ciprofloxacin as the positive control (Ab). After that, the disks will be 

covered with around 20μl of the antibiotic solution, water, and a suspension of Co2O4 

nanoparticles. For twenty-four hours, plates will incubate at 37°C. By determining the diameter 

of the zone of inhibition (ZOI) surrounding the disks, antibacterial activity will be determined. 

Antibacterial assay of synthesized Co3O4 nanoparticle 

The good diffusion method will be used to analyze the produced Co3O4 nanoparticles against S. 

aureus and Staphylococcus haemolyticus germs to investigate their antibacterial properties. The 

antibacterial test will be conducted using the broth cultures of both strains. On a Muller Hinton 

Agar medium plate, a well with a diameter of around 5 mm will be created using gel puncture. A 

sterile cotton swab will be used to clean the colonies on the test medium. Five milligrams of 

Co3O4 nanoparticles will be added to one millilitre of distilled, sanitized water to create the 

nanoparticle suspension. A 0.10 µL suspension of the produced Co3O4 nanoparticles will add to 

the well as an inoculant. The plates will then be incubated for 24 hours at 37 °C in an incubator 

before the zones of inhibition are assessed. 

 

Statistical Analysis 

The antibacterial impact of cobalt nanoparticles (Co NPs) at various doses, the inhibition zone 

widths of Co NPs in comparison to the antibiotics, and the Co NPs' activity index (AI) in 

comparison to the antibiotics will all be investigated using a statistical design of experiments. 

RESULTS 

Characterization of Cobalt oxide NPs 

XRD Analysis 

Utilizing X-ray diffraction research, the cobalt oxide nanoparticles' crystalline nature was 

checked. The diffraction peaks in Figure 1's XRD pattern of Co3O4 nanoparticles have 2θ values 

of 10.84°, 34.31°, and 48.99°, which correspond to the 450, 1000, and 348 crystal planes of the 

crystalline Co3O4 phase, respectively. To a pure cubic phase structure, these peaks are indexed. 
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By plugging the nanoparticles' peak locations into the Scherrer equation, we could predict their 

average crystalline size. Produced Co3O4 nanoparticles had an average size of 36.24 nm. 

 

Figure 1: XRD analysis 

FTIR analysis 

A study using fluorescence time-of-flight (FTIR) may uncover the functional groups and 

chemical composition of the nanoparticles. Figure 2 shows the FTIR spectrum of the Cobalt 

oxide NPs that were synthesized. The vibrational characteristics of Cobalt oxide NPs were 

investigated using the Fourier transform infrared spectra. Figure 2 shows these characteristics are 

within the 0–4000 cm-1 range. By measuring peaks at 566 cm-1 and 667 cm-1, respectively, the 

stretching frequencies of CO and OCO3 were discovered, indicating the existence of a Co3O4 

structure. So, a peak at 667 cm−1 indicates that there is Co2+ at the tetrahedral site while a 

signal at 566 cm−1 indicates that there is Co3+ at the octahedral site. Around 3450 cm−1 is the 

designated broadband frequency for the adsorbed water. 
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Figure 2: FTIR analysis 

SEM analysis  

The scanning electron microscopy (SEM) imaging of the cobalt oxide nanoparticles 

demonstrated their quality. The preparation of Co3O4 NPs is shown in Figure 3 via scanning 

electron microscopy illustrations. The Co3O4 nanoparticles that were created exhibited a porous 

network and a cubic spinel layout. In terms of average size, the pure nano-sized crystal particles 

were 36.24 nm. 
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Figure 3: Shape of Cobalt oxide NPs, SEM analysis 

Antimicrobial activity 

Zone of Inhibition and MIC of Cobalt Oxide Nanoparticles 

When compared to the control dosage at baseline, the 5 ug/ml dose significantly inhibits 

Staphylococcus aureus and Staphylococcus hemolyticus. The result is statistically significant. 

The 5 ug/ml dose is more effective against Staphylococcus haemolyticus compared to 

Staphylococcus aureus. A dosage of 10 ug/ml has less antimicrobial action against 

Staphylococcus haemolyticus than Staphylococcus aureus. A concentration of 15 ug/ml had a 

greater antimicrobial effect on Staphylococcus haemolyticus than on Staphylococcus aureus. 

Table 1 shows that even at dosages of 5 ug/ml, 10 ug/ml, or 15 ug/ml, the findings retain 

statistical significance.   
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Table 1: Antimicrobial activity of Cobalt oxide (20 mM) against Staphylococcus haemolyticus 

and Staphylococcus aureus. 

Dose 
Staphylococcus 

haemolyticus 

Staphylococcus 

aureus 
  P value 

Control  0 mm 0 mm - - 

5 ug/ml 7±0.01 mm 5±0.02 mm 154.9 0.001*** 

10 ug/ml 5±0.02mm 7±0.01mm 154.9 0.001*** 

15 ug/ml 10±0.01mm 8±0.01mm 5.153 0.0067*** 
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Figure 4: Antimicrobial activity of Cobalt oxide (20 mM) against Staphylococcus haemolyticus 

and Staphylococcus aureus (A) 5 ug/ml (B) 10 ug/ml (C) 15 ug/ml 

 

Figure 5: Antimicrobial activity of Cobalt Oxide Nanoparticles against Staphylococcus 

haemolyticus; (A) Control (B) 5ug/ml (C) 10 ug/ml (D) 15 ug/ml 

A B C 
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Figure 6: Antimicrobial activity of Cobalt Oxide Nanoparticles against Staphylococcus aureus; 

(A) 5ug/ml (B) 10 ug/ml (C) 15 ug/ml (D) Control 

MIC  

The MIC value for Staphylococcus haemolyticus is 1.79. The MIC value for Staphylococcus 

aureus is 2.68. Generally, the readings are expressed in micrograms per millilitre (µg/mL) or, on 

occasion, in milligrams per liter (mg/L), contingent upon the particular conditions of the study or 

medical environment. The efficacy of antibiotics against certain bacterial strains can be 

ascertained in part by looking at these MIC values. An increased susceptibility to the antibiotic is 

shown by lower MIC values. The MIC value for Staphylococcus haemolyticus has more 

potential against microbial activity than Staphylococcus aureus. 
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Table 2: MIC value of the synthesized cobalt oxide nanoparticles against Staphylococcus 

haemolyticus and Staphylococcus aureus. 

Dose MIC value 

Staphylococcus haemolyticus 1.79` 

Staphylococcus aureus 2.68 

 

DISCUSSION 

The X-ray diffraction examination was used to determine if the cobalt oxide nanoparticles were 

crystalline or not. Cobalt oxide nanoparticles and other materials may have their crystalline 

structure studied via X-ray diffraction (XRD) analysis (Mehta et al., 2017). 

The XRD pattern of Co3O4 nanoparticles in Figure 1 shows diffraction peaks with 2θ values of 

10.84°, 34.31°, and 48.99°, which are accordingly assigned to the 450, 1000, and 348 crystal 

planes of the crystalline Co3O4 phase. Diffraction patterns are produced by XRD analysis and 

appear as peaks on a graph. The arrangement of atoms within the material's crystalline lattice is 

represented by these peaks. Because the crystal structure of cobalt oxide is understood, 

distinctive peaks can be distinguished in the material (Ingham, 2015; Sajjad et al., 2024).  

These peaks are indexed to a pure cubic phase structure. The XRD pattern's peak positions reveal 

details about the interatomic gap inside the crystal lattice. To verify the phase of the material, 

these coordinates can be compared to reference data for other crystal structures (e.g., cubic, 

hexagonal) (Mourdikoudis et al., 2018). The Scherer equation about the peaks was utilized to 

determine the mean crystalline size of the nanoparticles. The synthesized Co3O4 nanoparticles 

had an average size of 36.24. The average crystallite size of the nanoparticles can be calculated 

from the peak broadening using methods like the Scherer equation. The size and crystallinity of 

the nanoparticles can be inferred from the breadth of the peaks in the XRD pattern. More widely 
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spaced peaks indicate the presence of structural flaws or smaller crystallite sizes (Zhao et al., 

2004).  

Fluorescence time-of-flight (FTIR) analysis reveals the nanoparticles' chemical makeup and 

functional groups. The existence of functional groups on the surface of nanoparticles can also be 

detected by FTIR. These functional groups might result from surface changes or the application 

of ligands or stabilizing agents during the manufacture of nanoparticles. FTIR spectra show the 

presence of common functional groups such as amino (-NH2), carbonyl (C=O), and hydroxyl (-

OH) (Movasaghi et al., 2008). Assigning absorption peaks to particular chemical bonds or 

functional groups based on their distinctive vibrational frequencies is a crucial step in the 

interpretation of FTIR spectra. Databases and reference spectra can help with this assignment 

(Madejová, 2003; Sattar et al., 2024).  

The prepared Co3O4 nanoparticles showed a cubic spinel structure with a porous network. SEM 

investigation reveals a cubic spinel structure, indicating a well-defined crystal lattice 

arrangement in the cobalt oxide nanoparticles. Since the spinel structure is well-known for its 

stability and advantageous qualities, which make it appropriate for a variety of applications 

ranging from energy storage to catalysis, this structural knowledge is extremely significant 

(Carlson & Donavan, 2008). The high surface area-to-volume ratio of the Co3O4 nanoparticles is 

shown by the detection of a porous network in the SEM images. Because of their porous 

structure, the nanoparticles may be helpful in gas sensing, catalysis, and energy storage devices 

due to their increased reactivity and accessibility to active sites (Mohammed & Abdullah, 2018; 

Bilal et al., 2022).  

Staphylococcus haemolyticus is more susceptible to the 5 ug/ml dosage than Staphylococcus 

aureus. The 5 ug/ml dosage of the antibiotic may be used through methods that are especially 

effective against Staphylococcus haemolyticus to achieve its antibacterial action. Differential 

susceptibility between the two species may arise, for instance, if the antibiotic targets a particular 

metabolic pathway or cell structure that is more essential to Staphylococcus haemolyticus 

survival than to Staphylococcus aureus (Kernodle & Kaiser, 1994).  
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Antimicrobial activity against Staphylococcus haemolyticus at a dose of 10 ug/ml is lower than 

that against Staphylococcus aureus. Because of a dose-response relationship, an antibiotic's 

effectiveness can change based on the dosage used. Staphylococcus haemolyticus may need a 

larger concentration of the antibiotic to achieve a similar amount of inhibition or death, even 

though Staphylococcus aureus may be more sensitive to it at the prescribed dosage (Hosaka et 

al., 1992; Afzal et al., 2024).  

Antimicrobial activity against Staphylococcus haemolyticus is higher at a dose of 15 ug/ml 

compared to Staphylococcus aureus. Genetic differences between Staphylococcus aureus and 

Staphylococcus haemolyticus can influence their susceptibility to antibiotics. Staphylococcus 

aureus strains may possess specific genetic elements that confer decreased susceptibility to the 

antibiotic at the given dosage compared to Staphylococcus haemolyticus strains (Saeed et al., 

2023). The MIC value for Staphylococcus haemolyticus is 1.79. The MIC value for 

Staphylococcus aureus is 2.68. In this case, Staphylococcus haemolyticus has a lower MIC value 

(1.79) compared to Staphylococcus aureus (2.68). This suggests that Staphylococcus 

haemolyticus is more susceptible to the antimicrobial agent being tested than Staphylococcus 

aureus (Terwee et al., 2021). 

CONCLUSIONS AND RECOMMENDATIONS: 

We found that X-ray diffraction (XRD) examination confirmed a cubic spinel structure with 

unique diffraction peaks, revealing the crystalline structure of cobalt oxide nanoparticles. The 

average size of the crystallites was found to be 36.24 according to the Scherrer equation. 

Because of its porous network structure, which was also shown by scanning electron microscopy, 

this material has potential uses in gas sensing, catalysis, and energy storage, where its enhanced 

reactivity and accessibility to active sites might be useful. An antibiotic's antimicrobial activity 

against Staphylococcus haemolyticus and Staphylococcus aureus at several doses was also 

examined in the research.  

The results showed differential susceptibility between the two species, with Staphylococcus 

haemolyticus being more susceptible at a lower dosage (5 ug/ml), whereas Staphylococcus 

aureus was more susceptible at higher dosages (10 ug/ml and 15 ug/ml). Genetic differences and 
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metabolic pathways may contribute to this differential susceptibility. The MIC (Minimum 

Inhibitory Concentration) values for the two bacterial species were provided, with 

Staphylococcus haemolyticus having a lower MIC value (1.79) compared to Staphylococcus 

aureus (2.68). This indicates that Staphylococcus haemolyticus is more susceptible to the tested 

antimicrobial agent than Staphylococcus aureus.  

It is recommended to foster interdisciplinary collaborations between researchers in materials 

science, microbiology, medicine, and engineering to leverage expertise and resources for 

comprehensive investigations into nanoparticle synthesis, characterization, and applications, as 

well as antibiotic resistance mechanisms and treatment strategies.  
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