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Abstract 

Cobalt-oxide nanoparticles (Co3O4 NPs) were fabricated using Polyalthia longifolia leaves extract from cobalt 

acetate at room temperature. The synthesized Co3O4 NPs were explored using X-ray powder diffraction (XRD), 

scanning electron microscopy (SEM), energy-dispersive X-ray (EDX), Fourier transform infrared spectroscopy 

(FTIR), photoluminescence (PL) and UV-DRS techniques. The Co3O4 NPs were in highly uniform shape and 

size was in the size of 40-60 nm. In view of eco-benign and cost-effective nature, the present investigation 

revealed that Polyalthia longifolia could be used for the procurable synthesis of Co3O4 NPs. 
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1. Introduction 

Cobalt has different oxidation states, as well as a variety of coordinations.  As a result of their mixed electronic 

valency of cobalt, stoichiometric and non-stoichiometric oxides, and/or the presence of oxygen vacancies, 

Co3O4 show a wide area for the formation of several frameworks. In contrast to other 3d transition metal oxides, 

Co3O4have a multi-electronic valence and a rich coordination. This allows cobalt to exist in a variety of spin 

states in its oxide forms, including low, heavy, and intermediate spin. The physics of Co3O4 is appealing from a 

basic standpoint as well as in spintronic applications because of these possible spin states.  

It is a multi-functional potent material with diverse practical applications, including electrochromic sensors, 

heterogeneous catalysis, pigments and dyes, anode materials in Li-ion rechargeable batteries, and energy 

storage devices [1-6]. It is an antiferromagnetic p-type semiconductor with diverse experimental applications. 

To make Co3O4 NPs, researchers used a variety of physical and chemical methods, including hydrothermal 

reaction, thermal decomposition of cobalt oxalate, microwave process, and thermal decomposition of sol-gel 

derived oxalates, solution combustion route, and combustion method [7-13]. Although these physical/chemical 

methods have proven to be very successful, they are complex and environmentally unfriendly due to the 

necessary energy balance and/or waste produced. Biosynthesis of Co3O4 NPs has never been recorded before, to 

our knowledge. However, it has been demonstrated that such an appealing green approach can be used to 

successfully synthesize metallic nanoparticles and some limited oxides [14-19]. 
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The use of Polyalthia longifolia natural extract as an effective chelating agent for the simple and swift bio-

synthesis of pure Co3O4 NPs at room temperature is recorded for the first time in this article. Since no 

inorganic/organic solvents, surfactants, or high temperatures were used, this synthesis was a green and 

environmentally friendly operation. 

 

2. Material and methods 

2.1.Green synthesis of Co3O4 NPs 

Leaf extracts were made by combining 100 ml deionized water with 3 g powdered plant leaves material and 

heating for 1 hour at 80 ºC on a magnetic stirring hot plate. To eliminate solid residual waste, the extract 

solution was filtered three times with Whatmann filter paper. 6.0 g of the precursor salt, cobalt acetate was 

applied to 100 mL of filtered solution. After adding the precursor, the pH fell from 5.7 to 4.5. With gentle 

stirring, the solution was heated for 2 hours at 60 ºC. After allowing the solution to cool to room temperature, 

the pellet was centrifuged (10,000 rpm/10 min) and washed three times with deionized water. To obtain highly 

crystalline pure phase Co3O4 NPs, the obtained pellet was dried at 100 ºC for 2 hours before being annealed at 

400 ºC in open air. 

 

2.2.Characterization techniques 

Morphological analysis and elements mapping of the Co3O4 NPs were examined by scanning electron 

microscopy (SEM-VEGA3 TESCAN), and energy dispersive X-ray analysis (EDX) for elemental mapping 

were conducted using the same instrument. The crystal structure analysis of the Co3O4 NPs was analyzed by X-

ray diffraction (XRD, Brukar, D8-Advanced Diffractometer). Diffuse reflectance spectrum (DRS) of Co3O4 

NPs was conducted using UV-Vis Spectrophotometer (JASCO V-770). Chemical bonding interactions and 

functional groups were explored by Fourier transform infrared spectroscopy (FT-IR, 4600 Type A 

D044761786). Spectral analyses of photoluminescence (PL) of Co3O4 NPs were conducted on FP-8200 

Spectrofluorometer.  

3. Results and discussion 

3.1.Morphological analysis 

SEM was used to examine the morphology of the Co3O4 NPs, as shown in Fig. 1. The Co3O4 NPs were joined 

closely in the SEM pictures, forming aggregates with varying distances. The Co3O4 NPs were almost quasi-

spherical in shape, with an average size of 40-60 nm. Due to magnetic induction between the particles, the 

aggregated NPs were adsorbed on the surface. 

http://www.jetir.org/


© 2018 JETIR January 2018, Volume 5, Issue 1                                                                     www.jetir.org (ISSN-2349-5162) 

JETIR1801258 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1425 
 

    

    

Fig. 1. SEM images of the Co3O4 NPs 

3.2.Elemental composition 

Figure 2 depicts a common EDX spectrum on a 400 °C annealed sample. Other than Cobalt and Oxygen, no 

other elements are detected. So far, no other element has been found, suggesting that the Co3O4 NPs following 

the preparation and final filtration protocol are chemically pure. 

 

Fig. 2. EDX spectrum of Co3O4 NPs 
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3.3.Crystallographic study 

Figure 3 depicts the XRD diffraction anatomy of Co3O4 NPs. All of the diffraction peaks indexed with Miller 

indices (311), (511), and (440) were obtained in the NPs that were annealed at 400 °C, and these peaks can be 

indexed to cubic phase pattern (JCPDS no 43–1003), and there is no additional peak, indicating that the 

synthesis of a single phase Co3O4 NPs was effective. Because of the rearrangement of the atomic structure of 

green synthesized NPs, the sharp apexes indicate that the particles are nanoscale and crystalline in nature, 

indicating that the dimension of the biosynthetic particles is fine and tiny. 

 

Fig. 3. XRD Spectrum of Co3O4 NPs 

3.4. UV-DRS study 

UV-DRS spectrometry was used to confirm the formation of Co3O4 NPs (Fig. 4). The absorption limit of the as-

prepared Co3O4 NPs is 289 nm, which is the typical absorption peak of Co3O4 NPs. Phenolic compounds have a 

high affinity for metals due to the presence of carboxylic and hydroxyl groups. The hydrogen from the ortho 

position of the phenolic hydroxyl group is removed during chelate formation, resulting in a semi-quinone 

structure. As a result of the capping effect of bioactive compounds, Co(II) is reduced to a single Co atom, 

resulting in nano-sized particles. 

http://www.jetir.org/


© 2018 JETIR January 2018, Volume 5, Issue 1                                                                     www.jetir.org (ISSN-2349-5162) 

JETIR1801258 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1427 
 

 

Fig. 4. UVDRS spectrum of Co3O4 NPs 

3.5.Vibrational properties 

The surface chemistry of the Co3O4 NPs was investigated using FTIR spectroscopy. Figure 5 shows the FTIR 

spectrum, which shows that many functional groups are involved in the creation of Co3O4 NPs. In the FTIR 

spectrum, there are six distinct absorption peaks at 3030, 2329, 1510, 1382, 1033, 656, and 559 cm−1. The 

extensive absorption peak at 3030 cm−1 is due to hydroxyl group OH-stretching or the presence of free OH 

groups. The bio-synthesis of Co3O4 NPs from the biological reduction of cell-free Polyalthia longifolia extract 

was suggested by the characteristic absorption bands of various functional groups (i.e., phenols, acids, protein, 

and polypeptides). Additionally, negatively charged carboxylate groups of free cysteine residues and free amine 

groups are used to record polypeptide and protein binding to NPs. Polypeptides and proteins, which are the 

most bioactive molecules in the Polyalthia longifolia extract, were found to be responsible for the reduction and 

stabilization of Co3O4 NPs. 

 

Fig. 5. FTIR Spectrum of Co3O4 NPs 

3.6.Photoluminescence study 

The PL spectroscopy method is a powerful tool for detecting blotches in semiconductors. Co3O4 NPs emit a 

high existence-related UV emission at 290 nm, as shown in Fig. 6. With the increase of annealing temperatures, 

grain limits and the number of grains on the surface of the nanostructure decrease as UV emission grows in 
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tandem with grain size and crystal orientation reduction. As a result, the amount of non-radioactive decay and 

crystal blotches suppresses each other, raising the amplitude of UV emission. The progression of the NPs' 

crystalline nature can be seen in this action. As a result, the absorption spectrum obtained has a blue change. 

 

Fig. 6. PL spectrum of Co3O4 NPs 

4. Conclusion 

The natural extract of Polyalthia longifolia was used as an efficient bio-reduction/bio-oxidizing chemical agent 

in the green synthesis of high-purity amorphous Co3O4 quasi-spherical NPs. Thermal annealing at 400°C for 2 

hours under standard air conditions results in crystallized single-phase Co3O4 NPs, as shown by SEM, EDX, 

XRD, FTIR, UV-DRS, and PL analyses. The next step will be to figure out what causes the Co3O4 NPs to form 

during the interaction between the Cobalt precursor and the Polyalthia longifolia leaves extract, as well as to 

track the dynamic of Co3O4 NPs formation. 
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