
Article Not peer-reviewed version

Facile Synthesis of Cobalt Oxide

Nanoparticles via Galvanostatic

Deposition: Characterization and Their

Antibacterial and Antifungal Activities

Inam M.A. Omar , Manal El Sayed , Magdy A.M. Ibrahim * , Mahmoud A. El-Jemni

Posted Date: 9 April 2025

doi: 10.20944/preprints202504.0780.v1

Keywords: galvanostatic deposition; annealing temperature; antibacterial; antifungal; cobalt; nanomaterials

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/2403509
https://sciprofiles.com/profile/4357545


 

 

Article 

Facile Synthesis of Cobalt Oxide Nanoparticles via 

Galvanostatic Deposition: Characterization and Their 

Antibacterial and Antifungal Activities 

Inam M.A. Omar 1, Manal El Sayed 2, Magdy A.M. Ibrahim 3,* and Mahmoud A. El-Jemni 3 

1 Chemistry Department, College of Science, Taibah University, Al Madinah Al Munawara, Saudi Arabia 

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

3 Chemistry Department, Faculty of Science, Ain-Shams University, Abbassia, Cairo, 11566, Egypt 

* Correspondence: magdyibrahim@sci.asu.edu.eg; Tel.: (0021149590687) 

Abstract: Cobalt oxide nanoparticles (Co3O4 NPs) exhibit a variety of biomedical applications due to 

their special antioxidant, antibacterial, antifungal, anticancer, healing of wounds, and anti-diabetic 

characteristics. This work successfully prepared the Co3O4 NPs via simple galvanostatic deposition 

followed by annealing at 400 and 800oC for two hours. The galvanostatic deposition was carried out 

from a modified Watts bath. We used Fourier transform infrared spectroscopy (FTIR), X-ray 

diffraction (XRD), energy dispersive X-ray (EDX), scanning electron microscopy (SEM), and 

transmission electron microscopy (TEM) to examine the oxide’s characterization properties. The 

nature of the oxide formed was strongly dependent on the annealing temperature. The powder 

formed at room temperature (25oC) is a mixture of Co(OH)2 and metallic Co. However, at 400 and 

800oC, and according to the XRD patterns, the powder is primarily composed of the Co3O4 phase and 

a slight quantity of Co(OH)2 phase. The average particle size measured by TEM ranged from 14.85 

nm at room temperature to 90.19 nm at 800 oC. Moreover, the study examined how the operating 

deposition parameters affected the galvanostatic deposition process. Furthermore, these baths 

produce NPs, a great antibacterial agent that fights a variety of gram-positive and gram-negative 

bacteria, especially Staphylococcus aureus and Escherichia coli in addition to their effectiveness in 

terms of antifungal activity. 

Keywords: galvanostatic deposition; annealing temperature; antibacterial; antifungal; cobalt; 

nanomaterials 

 

1. Introduction 

Because of the special characteristics of their size, shape, dimension, and structure, metal and 

metal oxide nanoparticle synthesis and applications have attracted much attention [1–4]. High-purity 

metal and metal oxide nano-powders are produced chemically [5] and electrochemically [6,7] from 

aqueous solutions. Lithium-ion batteries, gas sensing, ceramic pigments, heterogeneous catalysts, 

and electrochemical devices like supercapacitors are just a few of the many technologically significant 

uses for Co3O4 [8–10]. It can also be applied selectively as a coating material for high-temperature 

solar collectors, outperforming black chrome coatings [11]. Moreover, the synthesized Co3O4 NPs 

exhibit superlative antibacterial and anti-fungal activity in the viewpoint of various biomedical 

applications [12–16]. Although it is possible to prepare the nanostructured cobalt oxide powder in 

various ways such as the thermal decomposition routes [16,17], the Taguchi method [18], and the 

hydrothermal synthesis method [19], most of these methods suffer from problems that may reduce 

the purity of the resulting powder and consequently affect their properties. Due to its ease of 

employment, rapid application, low cost, room temperature operation, and ability to predict chemical 

structure, the electrochemical deposition technique for synthesizing nanomaterials seems beneficial 

[20,21]. Additionally, neither the preparation nor the purification processes involved using 
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surfactants, templates, or organic solvents. Cobalt oxides were directly electrodeposited anodically 

onto a glassy carbon electrode from a highly alkaline aqueous medium that contained gluconate ions 

as a ligand species [22,23]. The properties of these oxides during photoelectrochemical (PEC) water-

splitting applications were determined. Observation showed that Co3O4 had the best photocatalytic 

properties among cobalt oxide phases produced by varying the annealing temperature for water-

splitting reactions [24]. 

Gram-positive organisms often have thicker cell walls and are more resistant to different 

antibacterial treatments than Gram-negative species. Certain chosen nanoparticles have appealing 

antibacterial properties. Following contact with the bacterial cell, they change the permeability of the 

cell, creating pits and gaps, which impact DNA replication and inhibit respiratory chain enzyme 

function, ultimately leading to cell death [25–27]. This research goals to synthesize the cobalt oxide 

nanoparticles via galvanostatic electrodeposition from a modified Watts bath and study their morphology, 

composition, and antimicrobial activities. Moreover, the study examined how the operating deposition 

parameters, such as temperature, pH, current density, and the concentration of NO3
- ions, affected the 

electrodeposition process. 

2. Materials and Methods 

2.1. The Synthesis of Co3O4 NPs 

Electrochemically, the cobalt oxide was prepared via galvanostatic electrodeposition using a 

modified Watt’s bath at room temperature (25oC). The Watts bath consists of 0.63 M CoSO4, 0.09 M 

CoCl2, and 0.3M H3BO3. The impact of various KNO3 concentrations (0.05, 0.1, 0.15, and 0.2 M) on the 

cobalt oxide deposition has been examined in this work. All reagents used for the electrolytic solution 

were obtained from Sigma Aldrich, without additional purification, and bi-distilled water. Copper 

and platinum sheets served as the cathode and anode, respectively. Their respective dimensions are 

2.7 cm × 2.3 cm × 1.0 cm. Grades 800–3000 of abrasive sheets were used to mechanize the copper 

substrates. After polishing, copper sheets were immersed in a pickling solution. After that, they were 

ultrasonically cleaned in acetone for five minutes. Then, to facilitate the deposition of the cobalt oxide, 

these samples were promptly immersed in the electrolytic bath after washing with distilled H2O so 

that the surface was free of any contaminants. Finally, a direct current (4.8 mA/cm2) was supplied by 

a D.C. power supply unit (GW instek model: GPS-3030DD) for 10 minutes. After that, the cobalt oxide 

powder was gathered and annealed at 400 (Co-400) and 800 (Co-800) degrees Celsius. 

2.2. Characterization of the Cobalt Oxide 

HRTEM (high-resolution transmission electron microscopy) (JEOL JEM-2100 EX II Electron 

Microscope) and HRSEM (high-resolution scanning electron microscopy) with Energy Dispersive X-

ray analysis (EDS) were used to describe the powder’s morphology. Crystallinity and phase 

identification were assessed using an X-ray diffractometer (XRD), (Angstrom Advanced ADX-800 X-

ray Diffraction Instrument). A Perkin-Elmer 293 Spectrophotometer was used to record the samples’ 

Fourier transform infrared spectra (FTIR). Moreover, using an automatic surface area and pore size 

analyzer (BELSORP MINI X), the surface of the cobalt oxide samples was characterized by N2 

adsorption/desorption at liquid nitrogen temperature (-196oC). The samples were previously 

degassed until a constant weight was obtained. 

2.3. Electrochemical Measurements 

Electrochemical investigations were conducted using the 1000 Gamry Instrument 

Potentiostat/Galvanostat/ZRA. Silver/silver chloride (3 M KCl) served as the reference electrode. The 

LSV experiments were achieved in a cell containing a Pt disc (diameter of 0.25 cm) or copper sheet as 

a working electrode and a Pt wire as a counter electrode. Before every run, the Pt working electrode 

was polished with Al2O3 powder until a brilliant finish was gotten, and pure water was used to rinse 

it. The current-potential curves were obtained by moving the potential with a scan rate of 5 mVs-1 in 
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an extra negative direction. Moreover, chronoamperometric analysis on the Pt working electrode was 

performed in Watt’s bath at different deposition potentials. 

2.4. Biological Activities 

2.4.1. Well-Diffusion Inhibition Assays 

Gram-positive Staphylococcus aureus (ATCC 6538) and gram-negative Escherichia coli 

(ATCC25922) were obtained from Royal for Quality System, Egypt, and used as indicator bacterial 

strains. The bacterial strains were activated by growing overnight on nutrient broth at 37°C for 24 

hours in a rotary shaker set to 180 rpm. They were then subcultured until their optical densities, as 

measured by a spectrophotometer at 610 nm, reached 0.02–0.05 (108 CFU ml−1). To create a seeded test 

media, the 18 - 24 h culture of indicator strains was mixed with sterilized Müller-Hinton agar earlier 

cooled to 45°C in a ratio of 1 ml of bacterial culture suspension per each 1 liter of media. Sterile cork-

borers were used to punch 9-mm wells onto the surface of Müller-Hinton agar plates seeded with the 

indicator organisms. A 0.1 g sample of cobalt oxide was suspended in 1 mL of water to prepare a 

uniform suspension. From this suspension, 400 µL was added to the wells using a micropipette and 

allowed to freely diffuse for 45–60 min. All plates were kept at + 4ºC for 2 hours and then incubated 

overnight at the optimal growth temperature (37°C) of the indicator bacteria. All well-diffusion 

inhibition assays were conducted in triplicates and the presence of inhibition halos (clear zones) 

around the well was recorded as the antibacterial activity of the tested isolate. 

2.4.2. Spread Plate Technique for Antifungal Assay 

Aspergillus niger (MT103092) was obtained from the Royal for Quality System, Egypt. The strain 

was purified on Sabouraud dextrose agar and incubated at 28°C until full sporulation. The spore 

suspension was then prepared in distilled water with 2% agar and 0.5% Tween 80 and transferred to 

Czapek–Dox agar for phenotypic identification according to the macroscopic and microscopic 

morphology of their colonies. For the antifungal assay, fungal inocula were prepared following the 

M38-A2 protocol of the Clinical and Laboratory Standards Institute (CLSI M38-A2, 2008) [28]. 

Inoculum suspensions of Aspergillus Niger were prepared from the seven-day cultures grown on 

Sabouraud dextrose agar at 28ºC. The spore suspensions from each culture were prepared in a 0.89% 

saline solution and adjusted in a spectrophotometer until reaching an optical density with a 

transmittance of 80-82% at 520 nm (5 106 to 5 107 cells/ml). The assay was performed by spreading 

100 µl of the fungal spore suspension evenly over the agar plate using a sterile glass spreader. 

3. Results and Discussion 

3.1. Surface Characterization 

3.1.1. SEM and EDS 

The morphology of the electrochemically prepared oxide nanoparticles is investigated using the 

HRSEM technique and illustrated in Figure 1. The powder obtained at room temperature (25oC) was 

annealed at 400 and 800oC. The studied cobalt oxide samples have a heterogeneous structure as 

shown in the zoom-out images (a-c). Zooming in, we can describe particles of Co-25 and Co-400 

samples as spheres of different particle sizes as shown in Figure 1d,e). On the other hand, the Co-800 

sample (Figure 1c,f) shows a drastic change in its morphology. The morphology changed into 

aggregated needle-like particles. Figure 1g–i shows the EDS of the prepared oxide samples and the 

weight percentage of elements. The EDS for all prepared oxide samples shows the existence of Co, O, 

and some residue from the initial reactants such as K and Cl. As shown in the tables inserted in Figure 

1, as the temperature of annealing rises the amount of Co increases and that of O decreases gradually, 

indicating the removal of H2O from the crystals and formation of cobalt oxides. In addition, with 

annealing, the Cl- ion is removed while the K+ still exists. 
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Figure 1. The HRSEM images for Co-25 (a and d), Co-400 (b and e), and Co-800 (c and f) and their analogous 

EDS g, h, and i, respectively. 

3.1.2. XRD 

The crystal microstructure of the cobalt oxide samples is clarified in Figure 2. The XRD patterns 

of the oxide prepared at room temperature (Co-25) show the formation of a mixture of Co(OH)2 and 

metallic Co through the chosen method of preparation. The Co(OH)2 shows a hexagonal crystal with 

XRD peaks observed at 2θ: 19.02°, 32.14°, 37.76°, 51.71°, 57.71°, 61.34°, 69.23°, 71.15°, and 81.17° 

matching to (001), (100), (101), (102), (110), (111), (103), (201), and (202) planes, respectively 

(JPCDs#03-0913).  The identified metallic Co is also a hexagonal crystal with main peaks observed at 

2θ: 41.68°, 44.76°, 47.56°, 75.94°, and 84.19° corresponding to (100), (002), (101), (110), and (103) planes, 

respectively (JPCDs#05-0727). For Co-400 and Co-800 samples, the XRD peaks of the cobalt oxide 

(Co3O4) are displayed (JPCDs#09-0418). Co3O4 has a cubic crystal with unit cell parameters a = b = c = 

8.084 Å with main XRD peaks at 2θ: 18.99°, 31.24°, 36.83°, 59.35°, and 65.22° corresponding to (111), 

(220), (311), (511), and (440) planes, respectively. The background signal in XRD can arise from 

various factors, one of which is the heterogeneous nature of the prepared cobalt oxide samples. 

However, the Co3O4 peaks are more pronounced in Co-800 compared to Co-400. 
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Figure 2. XRD patterns for the prepared cobalt oxide samples. 

3.1.3. FTIR 

Figure 3 shows the FTIR spectra of cobalt oxide samples. All studied cobalt oxide samples exhibit 

nearly similar characteristic absorption bands, even though with varying intensities based on the 

temperature of annealing employed. The broad peaks at 3430 cm-1 and 1630 cm-1 were ascribed to H–

O stretching and bending, respectively [29]. The FTIR spectra of cobalt hydroxides made using 

alternative methods [30,31] often only show two vibration bands for water molecules, around 3500 

and 1616 cm-1, indicating a weak hydrogen bond interaction between the hydroxide and water 

molecules [32]. The peak at 573 cm-1 corresponds to the Co3+ of octahedral sites and 664 cm-1 is 

assigned to Co2+ of tetrahedral sites confirming the formation of cobalt oxide nanoparticles (Co3O4) 

[10,33,34]. The face-centered cubic structure’s monodisperse phase purity is demonstrated by the 

occurrence of two significant M-O stretching and bending frequencies at 1,481 and 831 cm-1 [35]. The 

intercalated Cl- ions may be responsible for the band at about 1384 cm-1 [30]. The small band detected 

at 2364 cm−1 refers to the existence of adsorbed CO2 molecules within the CO network, likely 

originating from residual air [36]. According to the FTIR spectra, the Co-25 sample has a huge 

absorption band of stretching H–O at 3430 cm-1 and a notable H–O bending band at 1630 cm-1 related 

to the electrochemically formed Co(OH)2 at room temperature. By annealing, the cobalt oxide 

nanoparticles are formed and enhanced gradually at the expense of Co(OH)2 as temperature 
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increases. For Co-800, the characteristic absorption bands of Co3O4 at 573 and 664 cm-1 are significantly 

enhanced. Consequently, from the previous characterization study, it is evident that the primary 

phase formed during the electrodeposition process is Co(OH)₂, with a minor presence of metallic 

cobalt. Through annealing, the cobalt oxide (Co3O4) phase gradually develops as the Co(OH)2 phase 

diminishes due to the removal of H₂O. Consequently, the Co3O4 phase is more abundant in Co-800 

compared to Co-400. 

 

Figure 3. FTIR spectra of cobalt oxide samples. 

3.1.4. HRTEM 

High-resolution transmission electron microscopy (HRTEM) investigations were performed on 

the prepared cobalt samples, along with their selected area electron diffraction (SAED) patterns, to 

confirm the presence of distinct cobalt phases and to investigate the morphology and crystal 

structures of the samples as shown in Figure 4a–i. The HRTEM images of the Co-25 sample (Figure 

4a,d) show irregular spherical particles of varying sizes, with an average particle size of around 14.85 

nm. In contrast, the Co-400 sample (Figure 4b,e) exhibits larger aggregated particles with an average 

particle size of about 45.85 nm. Meanwhile, the Co-800 sample (Figure 4c,f) demonstrates an 

aggregated stick-like morphology, with an average particle size of approximately 90.19 nm. 

The SAED patterns for these samples are presented in Figure 4g–i. The SAED pattern of the Co-

25 sample confirms the coexistence of metallic cobalt (Co) and cobalt hydroxide (Co(OH)₂) phases, 

formed during the electrochemical deposition process. The metallic cobalt phase features a hexagonal 

crystal structure with unit cell parameters a=b= 2.503 A˚ and c=4.060 A˚. Its main diffraction lines 

correspond to d-spacings of 1.91 Å, 1.15 Å, and 1.05 Å, attributed to the (101), (103), and (201) planes, 

respectively (JCPDS# 05-0727). The cobalt hydroxide (Co(OH)₂) phase also displays a hexagonal 

crystal structure with unit cell parameters a=b=3.179 A˚ and c= 4.649 A˚, and key d-spacings of 2.38 

Å, 3.48 Å, and 1.60 Å, corresponding to the (101), (102), and (110) planes (JCPDS# 03-0913). 

For the Co-400 and Co-800 samples (Figure 4h,i), the SAED patterns reveal the presence of cubic 

cobalt oxide (Co₃O₄) with unit cell parameters a = b = c = 8.084 A˚. This phase is characterized by d-

spacings of 2.43 Å, 1.43 Å, 2.86 Å, and 1.55 Å, corresponding to the (311), (440), (220), and (511) planes 
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(JCPDS# 09-0418). Notably, the SAED pattern of the Co-800 sample exhibits spot patterns, indicative 

of single crystals or highly oriented polycrystalline materials. The phase structures identified through 

SAED analysis align with those observed in the XRD results. 

 

Figure 4. HRTEM images of Co-25 (a and d), Co-400 (b and e), and Co-800 (c and f); and their SAED patterns (g 

– i), respectively. 

3.1.4. Analysis of Surface Area and Pore Size 

Conventional N2 adsorption/desorption isotherms, demonstrated in Figure 5a, were performed 

at −196 °C for the various prepared cobalt oxide samples. By applying the Brunauer-Emmet-Teller 

(BET) method [37], the main surface parameters such as specific surface area (SBET), total pore volume 

(VP) at a relative vapor pressure (P/Po) ~ 0.95, and average pore width (𝑊)̅̅ ̅̅  were evaluated and listed 

in Table 1. 

Table 1. Surface area and pore size analysis of the prepared cobalt oxide samples. 

Sample 

Specific surface area 

(SBET) 

Average pore width 

(𝑊)̅̅ ̅̅   
Total pore volume  

(Vp) 

m2 g-1 nm cm3 g-1 

Co-25 4.9892 45.589 0.056863 

Co-400 8.0094 40.49 0.081076 

Co-800 0.81478 77.912 0.01587 
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Figure 5. N2 adsorption/desorption isotherms (a) and their corresponding pore size distribution curves (b) for 

cobalt oxide samples. 

All cobalt oxide samples exhibited a typical type III adsorption/desorption isotherm [38], Figure 

5a, associated with a distinct nonporous surface texture and a very low specific surface area. This is 

confirmed by the almost flat pattern of the corresponding pore size distribution curve until 10 nm. 

Due to the wedge-shaped pores created by the loose stacking of flaky particles, this type III is linked 

to the Type H3 hysteresis loop [39]. Figure 5b shows the pore size distributions of the studied cobalt 

samples. The pore size distribution analysis indicates that the three cobalt samples have a wide 

distribution of mesopores with a peak maximum of around 75.6 nm for Co-25 and a relatively 

neglected micropores peak at 2.7 nm. According to Table 1 and Figure 5, the annealing at 400 oC 

increases SBET and Vp, in addition, to shifting the mesopores peak maximum to lower nm and the 

appearance of another maximum at 242.6 nm and slightly increasing the nanopore peak. Conversely, 

the annealing at 800 oC decreases SBET, Vp, and shifts the mesopores peak maximum to higher nm, 

with the elimination of the nanopores peak. 
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3.2. Electrochemical Studies 

3.2.1. Potentiodynamic Polarization Behavior 

The characteristics of the (current-potential) polarization behavior for the cobalt deposition over 

copper sheets with different concentrations of KNO3 are shown in Figure 6. The addition of KNO3 to 

the electrolytic bath greatly increases the cathodic current, indicating the accelerating role of NO3⁻ 

ions during the electrochemical reduction of Co²⁺ ions. As shown in the figure, as the KNO3 

concentration increases, the onset potential and cathodic peak of deposition move towards the more 

noble potential, indicating the enhancement of the cobalt deposition. 

 

Figure 6. Potentiodynamic cathodic polarization curves during cobalt deposition from Watts bath in the absence 

and presence of different concentrations of NO3- ions. 

Two of the most important operating parameters are the pH value and bath temperature. Figure 

7 illustrates how the cathodic polarization curves are affected by pH variations (2.0–6.0). The current 

polarization curves decreases as the pH of the bath increases. There is a huge drop in the cathodic 

polarization current when the pH changes from 2.0 to 3.0, and the deposition potential of the peak 

shifts to more noble potentials. This could be explained by the finding that elevated pH causes a 

reduction of the concentration of free ions Co2+. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 April 2025 doi:10.20944/preprints202504.0780.v1

https://doi.org/10.20944/preprints202504.0780.v1


 10 of 18 

 

 

Figure 7. Cathodic polarization curves during deposition of cobalt on Pt electrode from the modified Watts bath 

at different pH. 

Figure 8 clearly shows how temperature (25–60°C) affects the current-potential curves. As the 

bath temperature increases, the polarization curves and the onset potential of the deposition process 

shift to more noble potentials. A reduction in the activation overpotential of reducible species could 

be one reason for this. Furthermore, as the bath temperature rises, so do the diffusion coefficients of 

the reducible species. 
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Figure 8. Cathodic polarization curves during deposition of cobalt on Pt electrode from the modified watts bath 

at different temperatures. 

3.2.2. Chronoamperometric Analysis 

The current-time transients from the modified Watts bath with 0.15 M KNO3 over the Pt 

electrode at different deposition potentials are displayed in Figure 9. There is a gradual decrease in 

the current-time transients as the applied potential decreases. The current gradually drops at any 

potential until it reaches a nearly constant value. The initial current drop is caused by the double-

layer charging process [40]. Additionally, the results verify that mass transfer controls the rate of 

nuclei growth by showing that the steady-state current rises as the potential becomes more negative. 

A strong linearity is shown in Figure 10 when plotting –i1/2 against time t. The cobalt oxide deposit is 

caused by a mechanism that combines instantaneous nucleation with charge transfer-controlled 

three-dimensional growth. The slopes of these lines correspond to the charge transfer rate constant. 

 

Figure 9. Potentiostatic current-time transient curves for deposition of cobalt on Pt electrode from the modified 

Watts bath at different potentials. 
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Figure 10. Linear relationship between - i1/2 and t during deposition of cobalt oxide on Pt from the Watts bath 

with 0.15M KNO3 at different deposition potentials. 

3.3. Biological Activities of Co3O4 NPs 

3.3.1. Anti-Bacterial Activity 

The Agar well diffusion technique was used to assess the generated cobalt oxide nanoparticles’ 

antibacterial activity against antimicrobials. The NPs have strong antibacterial properties because 

they are small and have a large surface area compared to larger molecules. By breaking down the cell 

membrane, the NPs prevent the bacterial production of proteins and exhibit dose-dependent 

membrane penetration [41,42]. A well diffusion assay was used to observe the antibacterial activity 

of the produced oxide NPs against S. aureus and E. coli. Figure 11 provides a representative example 

of an image displaying the inhibition zones. The produced oxide nanoparticles (NPs) demonstrated 

exceptional antibacterial activity against S. aureus and E. coli, as indicated in Table 2. The oxide made 

after annealing at 400 exhibits the best antibacterial activity because it has the largest surface area and 

total pore volume (8.0094 m2/g and 0.081076 m3/g, respectively). The outcome demonstrated that the 

NPs’ biocide efficacy against these bacteria is promising. 

Table 2. The inhibition zone diameters of samples prepared at different annealing temperatures. 

ID Sample 

Inhibition zone (cm) on agar plate 

Gm (-ve) bacteria 

Esherichia coli 

ATCC25922 

Gm (+ve) bacteria 

Staphylococcus aureus 

ATCC 6538 

Aspergillus  

niger MT103092 

25 oC 2.3 2.5 2.7 

400 oC 2.5 2.8 2.8 

800 oC 2.0 1.8 1.6 
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Figure 11. Inhibition zone on an agar plate for Co-25 oC (a” -ve” and d”+ve”), Co-400oC (b” -ve” and e”+ve”) and 

Co-800 oC (c” -ve” and f” +ve”). 

3.3.2. Anti-Fungal Activity 

The rate at which bacteria and fungi are becoming resistant to the available medications and 

antibiotics is concerning. Strong antifungal agents are therefore required to eradicate fungi that are 

resistant to the current medications [43]. The antifungal properties of cobalt and cobalt oxide 

nanoparticles are among their many biomedical uses. The antifungal actions of green-synthesized Co 

NPs were assessed by Hou et al. (2020), who found that Co NPs exhibited potent antifungal activity 

against Candida krusei, Candida guilliermondii, Candida glabrata, and Candida albicans. Likewise, 

the synthesis of cobalt oxide nanoparticles (NPs) with H. rosa-sinensis flower extract and their 

antifungal properties have been documented. The outcome demonstrated that the produced NPs 

exhibited potent anti-A. niger and anti-A. flavus properties [44]. In our study, the produced oxide 

nanoparticles (NPs) demonstrated exceptional antifungal activity against Aspergillus niger, and the 

best antifungal effect is produced with the sample annealed at 400 oC as shown in Table 2. 
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Figure 12. Aspergillus niger (MT103092) for Co oxide samples. 
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Mechanism of antimicrobial 

Co3O4 NPs were found to exhibit good activity against both bacteria and fungi. The differences 

in susceptibility are explained by the different bacterial strains’ varying tolerance to oxidative stress. 

The primary factors influencing Co3O4 NPs’ antibacterial activity are their size and shape. There are 

multiple explanations for metal oxide nanoparticles’ antibacterial qualities. Reactive species like 

hydroxyl radicals and superoxide radical anions are created in aqueous solutions of Co3O4 NPs. The 

bacterium’s negatively charged surface interferes with essential biological functions like respiration 

and cell division by interacting with the radicals found in aqueous Co3O4 NPs. On the other hand, 

cobalt ions from cobalt oxides interact with the thiol group of essential bacterial enzymes, causing 

deactivation and cell death. An excited electron is produced when the surface of Co3O4 NPs interacts 

with absorbed O2. This electron combines with the oxygen ion to form the oxygen ion, which 

subsequently interacts with the H2O molecule to produce hydrogen peroxide. Consequently, H2O2 

enters the cell, disrupting cytoplasmic functions and causing death [45,46]. 

4. Conclusions 

Cobalt oxide NPs were successfully prepared by galvanostatic electrodeposition onto a copper 

substrate from a modified Watts bath, followed by annealing. The electrolytic bath contained CoSO4, 

CoCl2, H3BO3, and KNO3, and was operated at a pH of 4.5, with a low current density of 4.8 mA/cm². 

The addition of KNO₃ to the electrolytic bath significantly increases the cathodic current, indicating 

the accelerating role of NO₃⁻ ions during the electrochemical reduction of Co²⁺ ions. The deposited 

cobalt was subsequently annealed at 400°C and 800°C to produce the cobalt oxide (Co3O4) phase. The 

surface morphology and characterization of the cobalt samples were analyzed using HRSEM, XRD, 

FTIR, and BET techniques. The nature of the oxide formed was strongly dependent on the annealing 

temperature. The powder formed at room temperature (25oC) is a mixture of Co(OH)2 and metallic 

Co. However, at 400 and 800oC, and according to the XRD patterns, the powder is primarily 

composed of the Co3O4 phase and a slight quantity of Co(OH)2 phase. The average particle size 

measured by TEM ranged from 14.85 nm at room temperature to 90.19 nm at 800 oC. On the other 

hand, the produced oxide nanoparticles (NPs) demonstrated exceptional antibacterial activity against 

S. aureus and E. coli in addition to their effectiveness in terms of antifungal activity. The oxide made 

after annealing at 400 ° C exhibits the best antibacterial and antifungal activity because it has the 

largest surface area and total pore volume. 
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