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Abstract: Environmentally friendly green chemical techniques for nanomaterial synthesis employing non-toxic 

chemicals and renewable resources have received interest. The green chemical method was adopted to synthesize 

metal oxide nanoparticles to study their physicochemical properties. XRD was used for crystallite size, lattice 

characteristics, and phase purity. XRD analysis confirmed that the metal oxide nanoparticles produced are single-

phase cubic (NiO and Co3O4) and monoclinic (CuO) with 25–35 nm crystallite diameters. Fourier-transform infrared 

spectroscopy (FTIR) has been used to study functional groups and chemical bonding on metal oxide nanoparticle 

surfaces. A detected peak between 600 and 400 cm-1 indicates Metal-Oxygen in the synthesized metal 

oxide nanoparticles. FESEM and TEM were used to investigate nanomaterials' surface morphology, particle size, 

and shape at high resolution. TGA was used to evaluate metal oxide nanoparticle heat stability and degradation. Two 

large weight losses at 100°C and above 550°C suggest water and other sample constituents are eliminated. The 

antibacterial study shows good efficacy in Co3O4. The results demonstrate that synthesized nanoparticles can be 

used in many functional applications. 
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1. Introduction 

Recently, green chemical synthesis has been 

defined as an environmentally friendly method that is 

essential for synthesizing metal oxides since the 

biological component acts as a capping and reducing 

agent, which would affect the total chemical processes 

that take place throughout the research [1-4]. Green 

chemical synthesis is a novel and ecologically 

sustainable technique for creating metallic nanoparticles 

[5]. This method greatly reduces the environmental 

impact of producing nanoparticles by using natural 

resources such microbes, biopolymers, and plant 

extracts as stabilizing and reducing agents [6-7] This 

method eliminates the need for external experimental 

conditions, such as high temperatures or pressures 

required in conventional techniques like chemical vapor 

deposition, as this unique method is a more accessible 

choice [8–13] This approach has many benefits, such as 

being naturally simple, being extremely cost-effective, 

producing non-toxic byproducts, being efficient in terms 

of time consumption, being strongly aligned with 

environmentally friendly practices, and having the 

promising potential for seamless scalability, which 

makes it appropriate for large-scale production 

endeavors [14–18]. A large family of compounds known 

as metal oxides is produced when metals and oxygen 

come together. Hydrated oxides, simple oxides, and 

oxyhydroxides are some of the groups into which they 

may be divided [19]. This categorization reflects the 

complexity of their structures and the presence of other 

functional groupings that may influence their traits and 

responsiveness. Metal oxides are branched into primary 

minerals and secondary minerals. Iron, aluminum, and 

manganese secondary oxides in particular are very 

reactive due to their large specific surface area. Their 

strong reactivity makes them indispensable to many 

chemical processes since it allows them to interact 

effectively with many environmental conditions which 

understand how metal oxides behave in natural 

systems, one must have a solid understanding of their 

composition and structure [20–25]. Their production and 

properties are greatly influenced by environmental 

factors including pH and temperature, which also affects 

how well they work in different applications [26] recently, 

metal oxides have been produced using this 

environmentally friendly synthesis technique. Jyoti 
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Yadav et al. [27] generated iron nanoparticles to remove 

heavy metals from aqueous solution using syzygium 

aromaticum. A remarkable adsorption capacity was 

observed while extracting Cr (VI) ions from water, and it 

was crystalline. These results demonstrate how efficient, 

long-lasting, and ecologically safe this approach is for 

treating wastewater and heavy metal pollution. Ansari 

Maria et al., 2024 [28] used a green synthesis method to 

analyze crystalline copper nanoparticles using sodium 

borohydride reduction for enhanced gas sensing 

applications. The results show the resistivity values of 

the copper conductive films showing 4.1 × 103 Ω cm, 8.8 

× 10-2 Ω cm, and 1.4 × 10-5 Ω cm in various atmospheric 

environments, specifically nitrogen gas, and hydrogen 

gas, respectively. The green synthesis of copper oxide 

nanoparticles using Amaranthus dubius leaf extract 

demonstrates promising potential for sensor and 

photocatalytic applications [29]. From these various 

green fuels assisted green synthesis, we have selected 

mustum (filtered grape juice). The choice of mustum in 

the present study is highly supported by the presence of 

a wide range of chemical components in its juice like 

isoflavones, flavanols, furanocoumarins and 

anthocyanidin [30]. The presence of essential chemical 

components with high density of hydroxyl groups which 

are phytochemicals have the properties like reducing, 

capping and stabilizing agents; hence they can be highly 

useful to control the size and shape during the synthesis 

of nanostructured material [31]. These chemical 

constituents of grapefruit juice can have the ability to 

tune the morphology, electronic structure, create 

defects, and enhance the catalytic function. It is 

noteworthy to mention that tartaric acid is naturally 

present in grapes, thereby highlighting its availability and 

potential applications in various fields [32-36]. The 

concentration range of tartaric acid in fresh grape 

mustum typically lies between 0.4% to 0.9% by weight. 

The agglomeration of nanoparticles can be controlled by 

tartaric acid which acts as a stabilizing agent that leads 

for better dispersion in various matrices, which makes 

applications like coatings, catalysis, and sensors more 

crucial. This tartaric acid aids in binding metal ions such 

as copper, iron or zinc by acting as a chelating agent and 

also wards off premature precipitation as it allows 

stabilization by controlling nanoparticle synthesis that 

induces enhanced stability and sustainability. Due to 

these benefits, it is a helpful building block in the as 

biofuel for multiple applications, ranging from biosensors 

to biomedical devices. Tartaric acid assisted synthesis 

of metal oxide nanoparticles usually demonstrates 

higher catalytic behavior. The controlled size and high 

surface area provide more active sites for catalysis. 

 

2. Materials and Synthesis 
The experiment is conducted using metal oxides 

such as CuO, NiO and Co3O4, using mustum (filtered 

grape juice) as a biofuel. 

 

2.1. Preparation of grape extract 

Fresh grapes were purchased from the 

Kambam valley of Theni district, Tamil Nadu which is 

known as “the Grape City of South India”. A 100g of 

grapes were washed thrice with clean fresh water to 

remove any impurities and dirt present on the surface. 

The grapes were carefully crushed to extract fresh grape 

juice called mustum. The first stage of the winemaking 

process. Then the obtained extract was filtered to 

remove the skin, seeds and stem. Later the resultant 

filtered mustum was utilized as an assisting fuel for the 

green synthesis process.  

 

2.2. Method of synthesis 

A 25 ml of filtered mustum was taken and mixed 

with 25 ml of distilled water. The resulting mixture was 

stirred with a magnetic stirrer at 810 – 850 rpm for about 

30 minutes. A quantity of 6.040 g of Copper (II) nitrate 

trihydrate [Cu (NO3)2.3H2O] of blue colour is taken. It is 

mixed with 50 ml of distilled water and stirred with a 

magnetic stirrer for 10 minutes speed ranging to 500 

rpm. Later mustum solution and Copper (II) nitrate 

trihydrate solution are mixed for 10 mins at 1550 rpm. 

The resulting solution was poured into the 1000 ml glass 

beaker and placed in the hot place for combustion. 

Temperature is gradually increased and continuously 

stirred. Due to heat treatment, the solution started 

evaporating, releasing gas slowly leaving char behind. 

After combustion, the charr was collected and ground 

using a mortar and pestle. The final product, in the form 

of a powder, was gathered and stored in a vial and 

further required characteristics were taken. Then a 

similar producer was followed to prepare NiO and 

Co3O4 nanoparticles. Figure. 1 shows the schematic 

representation of the preparation of the sample. NiO 

nanoparticles were prepared from Nickel (II) nitrate 

hexahydrate [Ni (NO₃) ₂.6H₂O], which has a weight 

equal to 7.2697 g while Co3O4 nanoparticles were 

synthesized from Cobalt (II) nitrate hexahydrate, [Co 

(NO3)2.6H2O] has a weight equal to 7.2757 g in the 

identical procedure used.  

 

2.3. Characterizations Technique 

XRD analysis of the CuO, NiO, and Co3O4 

prepared from filtered mustum was carried out to confirm 

structural properties using Bruker AXS D8 diffractometer 

equipped with the copper target; (wavelength = 1.5406 

Å). FTIR Spectra Were Obtained Using a Fourier 

Transform Infrared Spectrometer (FTIR) Themo fisher 

Nicoletis10. Field-emission Scanning Electron 

Microscope (FESEM) (Gemini 300 SEM), and 

Transmission Electron Microscope (TEM) JEM-2100 

Plus were used to study the surface morphology. The 

TG-DTA studies (PerkinElmer) were used to define the 

thermal characteristics.  
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Figure 1. Displays the schematic representation of the preparation of the sample 

The antibacterial test was conducted to study 

the antibacterial efficacy of the material.  

 

3. Result and Discussion 

3.1 XRD analysis 

XRD, a powder diffraction technique is primarily 

used to find the crystal size of the sample. The sharp 

peaks symbolise the defined crystallization of metal 

oxides (Figure 2). In CuO, The XRD pattern confirmed a 

monoclinic structure (JCPDS 00-005-0661). The peaks 

with miller indices ranging (0,0,2), (1,1,1), (2,0,0), (-

1,1,2), (1,1,2), (2,0,2), (-1,1,3), (0,2,2), (2,2,0), (3,1,1), 

(0,0,4) and (-2,0,4) are matched with JCPDS number. 

The maximum intensity peak was observed at 35°6. In 

NiO, it shows cubic structure that matched well the 

JCPDS number 04-006-6160. The peaks with the miller 

indices (1,1,0), (2,0,0), (1,1,1), (0,2,0), (0,2,1), (2,2,0) 

and (0,0,2) were matched with JCPDS number. The 

maximum intensity peak was observed at 43°3. In 

Co3O4, it shows cubic structure that matched well the 

JCPDS number 00-043-1003. The peaks with the miller 

indices (3,1,1), (2,2,2), (4,0,0), (3,3,1), (4,4,0), (5,3,1) 

and (6,2,2) were matched with JCPDS number. CuO has 

a crystallite size of 27 nm and a monoclinic structure, 

NiO has a crystallite size of 26 nm and a cubic structure, 

and Co3O4 has a crystallite size of 30 nm and a cubic 

structure. The maximum intensity peak was observed at 

36°9. Debye Scherrer’s equation was used to calculate 

the average crystallite size of these nanoparticles [39].  

𝑫 =
𝐾𝜆

𝛽𝐶𝑜𝑠𝜃
    (1)  

were, 

D - Average crystallite size,  

K- Dimensionless shape factor with a value 

close to unity,  

λ - Wavelength of the X-ray, β - Full width at half 

maximum intensity (FWHM) and 

θ - Bragg angle. 
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Figure 2. illustrates the XRD patterns of the metal oxides: (a) CuO, (b) NiO, and (c) Co₃O₄. 

 

3.2. FTIR analysis 

FTIR (Fourier-transform Infrared Spectroscopy) 

is used to analyse the chemical bonds and molecular 

structure. From the Figure. 3, CuO shows a peak range 

between 480-600 cm⁻¹. This peak is visible as one of the 

prominent absorptions in the lower wavenumber region 

due to the heavier mass of the copper atom and the 

nature of the metal-oxygen bond and another peak at 

2189 cm-1 showing broad adsorption due to O-H 

stretching. In NiO, peaks observed at 424.31 cm⁻¹ 

exhibiting strong peak indicating Ni-O bond stretching. 

Peak range between 570 cm-1 to 1970 cm⁻¹ exhibits 

additional peak for Ni-O vibrations and H-O-H due to 

water, and absorption bands that correspond to this 

range. In Co3O4 the bending modes, occur when the 

bond angles between metal and oxygen ions change, 

leading to peaks at lower wavenumbers as 450 cm⁻¹. 

The stretching modes occur when the length of the Co-

O bonds changes, leading to peaks at higher 

wavenumbers 550 cm⁻¹ and 662 cm⁻¹, corresponds to 

Co–O stretching. These specific peaks would confirm 

the presence of Co₃O₄. [40] 

 

3.3 EDAX analysis and Surface morphological 

analysis 

The EDAX (Energy Dispersive X-ray Analysis) 

results provide the elemental composition of CuO, NiO, 

and Co3O4 nanoparticles synthesized using combustion 

with filtered mustum. In CuO (Figure 4 and Figure. 5a), 

the elemental composition of copper (Cu) is 68.5% and 

oxygen (O) is 31.5%. Figure. 5b confirms the elemental 

composition of nickel (Ni) is 63.2% and oxygen (O) is 

36.8%. Figure 5c shows the elemental presence of 

cobalt (Co) is 73.6% and oxygen (O) is 26.4%. 
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Figure 3. Depicts the FTIR spectra of the metal oxides: (a) CuO, (b) NiO, and (c) Co₃O₄. 

These percentages represent the atomic 

composition of the elements in the nanoparticles, 

indicating a relatively pure formation of metal oxides [41]. 

Scanning electron microscope (SEM) used for imaging 

and analysing the surface structure and composition of 

materials at a very high magnification. SEM provides 

detailed images of the surface topography of a sample, 

allowing researchers to examine the surface features at 

the nanoscale. Figure. 6a shows the SEM image of the 

CuO which illustrates irregularly shaped particles with 

high porousness on a rough surface and shows a nano 

granular structure. This also indicates agglomeration as 

it minimizes the surface area which leads to high surface 

energy which is created due to rough and porous 

surface. Such morphology is often utilized in the field 

where high surface and reactivity are crucial [42]. Figure. 

6b shows irregular clusters of NiO nanoparticles which 

are due to high surface energy. Factors such as 

conductivity and reactivity can be influenced due to 

aggregation and also exhibit significant porosity which 

exhibits nano clustered morphology. Figure. 6c exhibits 

thin, flake structure of Co₃O₄ nanoparticles. These thin 

flake structures are arranged in layer form which shows 

high surface area. This structure seems to be loosely 

packed, irregular in structure which shows non uniform 

distribution of particles. They can be utilized in 

performance enhancing applications such as catalysis, 

battery applications which could increase the charge 

storage capacity and reactivity of the materials [43]. 

 

3.4 Thermal analysis 

TGA (Thermogravimetric Analysis) is a 

compositional technique that indicates loss of weight of 

the material in a controlled atmosphere with terms of 

temperature and time. This technique helps in 

composition, decomposition of material and determining 

thermal stability.
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Figure 4. Presents the EDAX spectra of the metal oxides: (a) CuO, (b) NiO, and (c) Co₃O₄. 

In the Fig. 6a shows the TGA graph of CuO, the 

loss of water and other volatile substances has taken 

place between 0°C - 400°C which is indicated by a blue 

curve. The blue curve shows a sharp weight loss at 

around 888.12°C. The derivative curve (red) shows a 

peak at this point, suggesting a rapid decomposition 

reaction. The peak is sharp, indicating that the 

decomposition happens within a narrow temperature 

range. The TGA curve shows a minor weight loss around 

371.33°C with a corresponding derivative peak. This 

minor event could be due to the breakdown of another 

component or the release of water of hydration. At 

around 888.12°C, CuO experiences a significant weight 

loss, which may indicate the decomposition of the main 

material in CuO. In this graph of NiO (Figure. 6b), the 

material loses approximately 2.757% of its weight up to 

1000°C. A significant transition occurs at around 

295.11°C, with a moderate rate of weight loss 

(0.02543%/°C). The material is relatively stable between 

400°C and 800°C. A slight decomposition starts again 

after 800°C. A gradual weight loss resumes after 800°C, 

as shown by the red curve (derivative weight) rising 

again. This indicates that the material starts to lose mass 

more slowly, which could be due to further 

decomposition or oxidation processes. Initially, in Co3O4 

(Figure. 6c) weight loss occurred around 400°C about 

15%. A specific event is indicated at 284.35°C with a 

derivative weight loss rate of 0.03497%/°C, suggesting 

some thermal decomposition or loss of volatile 

components. Between 400°C and 800°C, the weight loss 

curve remains relatively stable, indicating that the 

material is thermally stable in this range. This stability 

suggests that there is no significant decomposition or 

mass loss occurring in this temperature window. A sharp 

weight loss occurs at approximately 829.53°C. The 

derivative weight curve shows a significant peak at this 

point with a rate of 0.1672%/°C, indicating a rapid and 

substantial thermal decomposition. The material loses 

approximately 16.54% of its weight in this temperature 

range, which is a considerable amount, suggesting a 

major breakdown or reaction occurring in Co3O4. DTA 

measures the temperature difference between a sample 

and a reference material as they are heated or cooled 

under identical conditions.  
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Figure 5. Displays the SEM micrographs of the metal oxides  

This technique detects exothermic (heat-

releasing) and endothermic (heat-absorbing) transitions 

in the sample. The above-mentioned graph, for both 

CuO and NiO, indicates an endothermic peak at lower 

temperatures suggesting solvent evaporation processes 

and organic decomposition. Co3O4 contains both 

endothermic and exothermic peaks. Endothermic peaks 

at lower temperatures are associated with solvent and 

organic component evaporation. Exothermic peaks 

indicate the crystallization and formation of Co3O4.These 

results suggest that the combustion synthesis with wine 

leads to the formation of metal oxides (CuO, NiO, and 

Co3O4) through a series of thermal decomposition 

steps, as indicated by the TG/DTA curves. The precise 

temperature ranges and peak characteristics provide 

insights into the thermal stability and decomposition 

behaviour of the precursor materials used in the 

synthesis [44]. 

 

3.5 Antibacterial Study 

The method used here is the agar well diffusion 

method with Mueller-Hinton Agar (MHA). The bacteria 

used are Staphylococcus aureus, a Gram-positive 

bacterium commonly found in infections, and 

Pseudomonas aeruginosa, a Gram-negative bacterium. 

The zones of inhibition (mm) for CuO, NiO, and Co₃O₄ 

against gram-positive and gram-negative were 

measured at concentrations of 1 mg/ml, 2 mg/ml, and 3 

mg/ml along with the antibiotic Streptomycin. 

The antibacterial activity against 

Staphylococcus aureus (Gram-positive) of metal oxides 

nanoparticles shown in Figure 7. A higher concentration 

of nanoparticles exhibits noticeable antibacterial activity 

against Staphylococcus aureus than standard 

antibiotics. The incubation zone of NiO nanoparticles is 

comparatively better than the other metal oxide 

nanoparticles. The incubation zone at higher 

concentration of metal oxide nanoparticles is 3.33 mm at 

3 mg/ml for CuO, 5.33 mm at 3 mg/ml for NiO and 2.67 

mm at 3 mg/ml for Co₃O₄ respectively. CuO and Co₃O₄ 

nanoparticles performs better than antibiotic only at 

higher concentration.  
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Figure 6. Illustrates the TG/DTA graphs of metal oxides: (a) CuO, (b) NiO, and (c) Co₃O₄. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Shows the antibacterial activity of metal oxides against Staphylococcus aureus 
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Figure 8. Depicts the antibacterial activity of metal oxides against Pseudomonas aeruginosa 

Figure 8 illustrates the antibacterial efficacy of 

metal oxide nanoparticles against Pseudomonas 

aeruginosa (Gram-negative). Similarly to S. aureus, 

higher concentration of metal oxide nanoparticles shows 

increased antibacterial efficacy against P. aeruginosa. 

The incubation zone of Co₃O₄ demonstrates better 

efficacy even at a concentration of 2 mg/ml, exceeding 

CuO and NiO. The incubation zone at higher 

concentrations of metal oxide nanoparticles measures 

1.67 mm for CuO at 3 mg/ml, 4.67 mm for NiO at 3 

mg/ml, and 5.67 mm for Co₃O₄ at 3 mg/ml. In this 

instance, CuO and NiO exhibit better antimicrobial 

efficacy compared to greater doses. P. aeruginosa 

exhibited significantly more reliable natural resistance to 

both antibiotics and metal oxides than S. aureus. 

 

4. Conclusion 

Eco-friendly green chemical methods for 

nanomaterial synthesis utilizing non-toxic substances 

and renewable resources have garnered attention. This 

work primarily focuses on the physicochemical 

characteristics of metal oxide nanoparticles generated 

using green chemistry using grape juice. This process 

produced pure nanoparticles of CuO (monoclinic), NiO, 

and Co₃O₄ (cubic) that are 25–35 nm in size, as 

confirmed by XRD. FTIR detected the metal-oxygen 

connections in the range of 400–600 cm⁻¹, and EDAX 

confirmed the amounts of each element: Cu (68.5%), O 

(31.5%), Ni (63.2%), O (36.8%), and Co (73.6%), O 

(26.4%), showing very few impurities. SEM showed that 

CuO and NiO had rough, clumped shapes, while Co₃O₄ 

had thin, layered flakes with a large surface area. The 

TGA profiles showed two stages of degradation. The 

removal of water and volatile substances caused the first 

stage of degradation, which involved weight loss at 

temperatures below 400°C. The high-temperature 

breakdown confirmed the materials' thermal stability, 

with Co₃O₄ exhibiting the reliable stability (16.5% weight 

loss). The antibacterial activity against metal oxide 

nanoparticles with higher concentrations, than the 

antibiotic of 1 mg/ml, Co₃O₄ and NiO demonstrating 

better performance compared to CuO. Among these, 

NiO showed the highest efficacy against Gram-positive 

bacteria, while Co₃O₄ was most effective against Gram-

negative strains. This eco-friendly approach aligns with 

better purity, thermally stable nanoparticles with tunable 

morphologies, making them promising for antimicrobial 

coatings. Due to their size-dependent property, 

nanoparticles can be used for catalysis, which can 

provide good surface area, tunable electronic properties, 

shape and size control, and sensor applications. 
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