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ABSTRACT:  

Green-synthesized CeNiO₃ nanoparticles were effectively produced using Evodia and Azadirachta 

indica leaf extracts as environmentally benign reducing and stabilizing agents for photocatalytic 

and adsorption applications. The synthesis consisted on complexing cerium and nickel nitrate 

precursors with plant phytochemicals, followed by regulated heat treatment to get phase-pure 

perovskite CeNiO₃. X-ray diffraction investigation verified the establishment of a crystalline 

CeNiO₃ structure devoid of secondary contaminants. FTIR spectra indicated distinct Ce–O and Ni–

O vibrations, as well as surface hydroxyl groups. SEM pictures showed nanoscale particles that 

were stuck together and had rough surfaces. EDS analysis confirmed the consistent elemental 

distribution of Ce, Ni, and O. UV–visible diffuse reflectance spectroscopy showed that the material 

absorbed a lot of visible light and had a smaller band gap. This was because the green synthesis 

technique created oxygen vacancies and mixed valence states. The synthesized CeNiO₃ exhibited a 

pronounced capacity to adsorb organic dye pollutants in the absence of light, thereafter undergoing 

efficient photocatalytic destruction upon exposure to visible light. This approach of combining 

adsorption and photocatalysis made it easier to remove pollutants and made it easy to use again. So, 

research suggests that CeNiO₃ nanoparticles generated in an ecologically acceptable way might be 

used for long-term wastewater treatment. 

 

Introduction: 

When NiO and CeNiO3 nanoparticles are 

subjected to light energy larger than or equal to their band 

gap energy, conduction band electrons (e-) and valence 

band holes (h+) are produced, in accordance with the 

actual process of methylene blue dye degradation. The 

production of hydroxyl radicals mediates the oxidation 

of organic molecules, while the production of superoxide 

radicals promotes the reduction and oxidation 

processes[1]. The idea that hydroxyl radicals are the 

source of the oxidation pathway of chemical substances 

that is started by heterogeneous photocatalysis. The 

photogenerated electrons may mix with electron 

acceptors like O2.-adsorbed on the surface or dissolved 

in water, or the dye may be reduced to the superoxide 

radical anion O2.- [2]. The photogenerated holes may 

oxidize organic molecules by reacting with OH- or H2O 

to generate.OH radicals. The OH- radical may transform 

most MB into non-toxic byproducts such CO2, H2O, and 

mineralized product because of its potent oxidizing 

capabilities [3,4]. 

Materials and Methods 

Materials 

Cerium nitrate hexahydrate [Ce(NO₃)₃·6H₂O] 

and nickel nitrate hexahydrate [Ni(NO₃)₂·6H₂O] were 

used as the starting materials. Plant leaves, such as those 

from Evodia or Azadirachta indica, were harvested and 

subsequently employed in the synthesis of the plant 

extract. All reagents were of analytical grade and were 

utilized without any additional purification steps. 
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Deionized water was the sole solvent employed in all 

experimental procedures. 

Preparation of Plant Extract 

Fresh plant leaves underwent a thorough 

washing with distilled water to eliminate contaminants 

before being shade-dried. Subsequently, the dried leaves 

were finely chopped and subjected to boiling in 

deionized water at a temperature range of 60–80 °C for a 

duration of 30–45 minutes. The resulting extract was 

then filtered using Whatman No.1 filter paper and 

subsequently stored at 4 °C for subsequent applications. 

Green Synthesis of NiO Nanoparticles 

A 0.1 M aqueous solution of nickel nitrate 

hexahydrate was prepared and heated while stirring. The 

plant extract was then added dropwise to the nickel 

nitrate solution, causing a color change that indicated 

nanoparticle formation. The reaction mixture was kept at 

a temperature between 70 and 80 °C for 2 to 3 hours. The 

resulting precipitate was centrifuged and then washed 

several times with distilled water and ethanol to remove 

impurities. The washed product was dried at 80 °C and 

then calcined at 400–500 °C for 3 to 4 hours to create 

crystalline NiO nanoparticles. 

Green Synthesis of CeNiO₃ Nanocomposite 

Cerium nitrate and nickel nitrate solutions, each 

with the same concentration, were prepared in deionized 

water and then mixed while stirring. The plant extract 

was added slowly to the metal salt solution, acting as 

both a reducing and stabilizing agent. The resulting 

mixture was stirred at a temperature between 70 and 80 

°C until a gel-like precipitate formed. Afterward, the 

precipitate was separated by centrifugation, washed 

several times with distilled water and ethanol, and then 

dried at 80 °C. The dried powder was then calcined at 

400–600 °C for 3–4 h to obtain crystalline CeNiO₃ 

nanocomposite. Added the addition of the activated 

carbon material get final composite product of 

AC/CeNiO3 nanocomposite. 

XRD Analysis 

 The XRD patterns of the samples that were 

calcined at 500 °C showed diffraction peaks at 2θ values 

that matched those of activated carbon was present in the 

planes of (002) and (111) was respectively. The NiO 

nanoparticles in the (111), (200), (111), and (220) planes, 

respectively (JCPDS Card No. 89-5881) [5]. Ce/NiO3 

nanoparticles conform to the planes of (311), (111), 

(200), and (220), which means that the formation fits 

well with JCPDS Card No. 43-1002 [6]. The observed 

observations indicate that the synthesis of NiO, and 

Ce/NiO3 nanocomposites initiated at a calcination 

temperature of around 450 °C. The lack of peaks in other 

phases shows that the products seen in (Fig.1) are very 

pure. Using the Debye–Scherrer formula (Equation 1) 

[7], we calculate the different parameters, such as the size 

of the crystallite in activated carbon, NiO and Ce/NiO3 

nanocomposite. The findings are shown in Table 1. 

 

Fig.1 XRD Spectra of (a) Activated carbon, (b) NiO and 

(c) AC/CeNiO3 nanomaterials 

Debye–Scherer’s equation 

                  Crystalline size (D)         =   
𝟎.𝟗𝝀

 𝜷 𝒄𝒐𝒔𝜽

 ------ (1) 

Where λ is the wavelength (λ = 1.5406 Å (Cu Kα), β is 

the full width half maximum (FWHM) and θ is the 

diffraction angle. 

Table.1. Crystalline size of activated carbon NiO, and 

Ce/NiO3 nanocomposite 

S.No Sample Crystaline 

Size(nm) 

1.  AC 26.5 

2.  NiO 32.4 

3.  Ce/NiO3 38.2 
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FT-IR analysis 

The FT-IR technique is a good way to look at 

the different functional groups in metal oxides, 

especially those that contain oxygen. Figure 2a shows the 

FT-IR spectra of activated carbon. They show absorption 

stretching vibration peaks centered at 467 and 603cm-1, 

which are thought to be due to Ni-O stretching 

vibrations. Also, a peak at 1436 cm-1 can be due to the 

stretching of C–O and C=O groups in the metal oxide 

nanoparticles. The peak at 3549 cm-1 also shows the 

stretching vibrations of H-O-H [8]. The peaks at 467 and 

603 cm-1 that correspond to the stretching vibrations are 

due to the stretching mode of the M-O bond (Fig. 2b). 

The signal at 1631 cm-1 also shows that the C–O and 

C=O groups in the metal oxide nanoparticles are 

stretching[9]. The peaks at 3562 and 3659 cm-1 show 

how H-O-H stretches. This process stops charge carriers 

from coming together and causes a synergistic effect that 

makes the nanocomposite's catalytic activity stronger. 

 

Fig.2 FT-IR spectra of (a) Activated carbon, (b) NiO and 

(c) AC/CeNiO3 nanomaterials 

 Morphology analysis  

The surface morphology of the produced 

Activated Carbon, NiO, and CeNiO3 nanocomposite was 

analyzed using SEM micrographs, depicted in Fig. 3a,3b 

and 3c, which show the SEM images of activated carbon, 

NiO and CeNiO3 nanomaterials. The activated carbon 

nanoparticle exhibited a layer-like structure (Fig. 3a) 

[10], whereas the NiO nanoparticles had an irregular 

shape (Fig. 3b) [11]. Ce/NiO3 nanoparticles have an 

evenly distributed the surface of the activated carbon in 

many orientations(Fig. 3c). 

 

Fig.3 SEM analysis of (a) Activated carbon, (b) NiO and (c) AC/CeNiO3 nanomaterials 
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Elemental conformation of NiO and AC/Ce/NiO3
 

nanocomposite 

 The elemental composition and purity of the 

NiO and Ce/NiO3 nanomaterials that were made were 

looked at using Energy Dispersive X-ray Spectroscopy 

(EDS). The EDS spectra show both the presence and 

amount of the elements in the samples.  The EDS spectra 

of the NiO sample contains unambiguous peaks for 

nickel (Ni) and oxygen (O)[12]. This means that nickel 

oxide has formed correctly. The absence of further 

impurity peaks indicates that the synthesized NiO is quite 

pure. The atomic and weight percentage numbers show 

that the ratio of Ni to O is near to stoichiometric. This is 

another evidence that NiO was manufactured with very 

little contamination(Fig.4).  

The EDS spectra for the Ce/NiO3 composite 

reveal unambiguous peaks for oxygen (O), nickel (Ni), 

and cerium (Ce). The existence of Ce peaks shows that 

cerium was successfully added to the NiO matrix. The 

distribution of the components and the fitted ratios we 

found suggest that Ce and NiO3 work well together 

without creating any undesirable secondary phases. 

There were no more elemental peaks observed, which 

means that the composite compound is chemically 

pure[13].  

The EDS results reveal that both NiO and 

Ce/NiO3 nanomaterials were synthesized correctly, 

contain the exact quantity of each element, and are pure. 

This implies they might be utilized for other important 

things, such photocatalysis, adsorption, and cleaning up 

the environment. 

 

Fig. Elemental conformation of NiO and CeNiO3
 nanocomposite 

UV - DRS Analysis of NiO and AC/CeNiO3 

nanocomposite 

Figure 4 presents the UV-diffuse reflectance 

spectroscopy of NiO and AC/CeNiO3 nanocomposite 

nanoparticles, demonstrating that pure NiO and 

AC/CeNiO3 nanoparticles exhibit a pronounced UV 

absorption edge ranging from 200 to 800 nm. But the UV 

absorption of the other samples moved to the longer 

wavelength range. The variations in the absorption edges 

show that the band structure has changed. The bandgap 

of the samples is established using the Kubelka-Munk 

function equation[14].  
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Fig. 4 UV-DRS Image of a)NiO and b) AC/CeNiO3 c) Tauc’s plot of NiO and       d) Tauc’s plot of AC/CeNiO3  

αhν = A (hν - Eg)n  ------ (2) 

Where α is the absorption coefficient and hv is 

the energy of the incoming photon. The bandgap energies 

are calculated from the intersection of the tangents, as 

shown in Fig. 4. The band gaps of the produced NiO and 

Ce/NiO3 nanoparticles were determined to be 3.0 and 2.7 

eV, respectively. Oxygen vacancies can cause impurity 

levels to rise near the valence bond. Ce/NiO3 has a lower 

band gap value and is more catalytic than NiO2 material 

[15]. 

 

 

 

Photocatalytic Measurements 

The degradation of methylene blue dye 

solutions as a model organic pollutant under visible light 

and sunlight was employed to evaluate the photocatalytic 

activity efficiency of the synthesized NiO and CeNiO3 

nanocomposite. It took 60 minutes to break down the dye 

with sunlight (Fig. 5) [16]. The CeNiO3 nanocomposite 

developed has showed a faster rate of dye degradation 

than a pure NiO catalyst. Figure 5a shows that the pure 

NiO nanoparticle can break down methylene blue with a 

success rate of 90.0%. The CeNiO3 composite, on the 

other hand, breaks down 95.0% of methylene blue after 

60 minutes of sunshine exposure (Fig. 5a and b) [17].  

 

Fig. 5 UV-Vis spectra of a)NiO and b)AC/CeNiO3
 under sunlight irradiation. 
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To see how well the nanoparticles broke down, 

we utilized 30 mg of the catalyst as a weight percentage. 

Sunlight exposure was employed to find out how well the 

elimination worked. Figures 5a and 5b illustrate how 

well the materials break down when exposed to UV and 

sunshine. The AC/Ce/NiO3 material breaks down more 

quickly than the bare materials (NiO). Every ten minutes, 

the degradation efficiency was measured, and under solar 

radiation, the composite AC/Ce/NiO3 material 

outperformed NiO nanoparticles[18].  

 

Fig.6 Photocatalytic degradation efficiency of methylene 

blue dye by using 20mg of catalyst under sunlight 

irradiation. 

Mechanisms of photocatalysis 

When NiO and CeNiO3 nanoparticles are 

exposed to light energy that meets or exceeds their band 

gap energy, conduction band electrons (e−) and valence 

band holes (h+) are generated. Creating superoxide 

radicals speeds up reduction and oxidation reactions, 

while creating hydroxyl radicals speeds up the oxidation 

of organic molecules [19]. Figure 6 offers a picture of 

how the deteriorate ion process works. The notion that 

heterogeneous photocatalysis initiates the oxidation 

route of chemical compounds through the generation of 

hydroxyl radicals. The dye can be changed into the 

superoxide radical anion O2.-, or the electrons that are 

generated by light can join with electron acceptors like 

O2.- that are stuck to the surface or dissolved in 

water[20]. The holes created by the light can oxidize 

organic molecules by interacting with OH- or H2O to 

make .OH radicals. Because it is a strong oxidant, the 

OH- radical can turn most of the MB into harmless 

byproducts like CO2, H2O, and mineralized product [21].  

 

Fig. 7 Mechanisms of photodegradation 

Conclusion  

A green synthesis approach was used to make 

activated carbon, NiO, and AC/CeNiO3 nanomaterials. 

The materials produced activated carbon, NiO, and 

AC/CeNiO3 nanomaterials after being heated at 500°C 

for six hours. The crystals had diameters of 26.5, 32.4, 

and 38.2 nm, respectively. We utilized scanning electron 

microscopy (SEM) to look at the surface morphology. It 

showed that NiO and Ce/NiO3 nanoparticles, which were 

not structured like anything else, were spread out 

throughout the surface of the activated carbon, which had 

a two-dimensional sheet structure. Using the Kubelka-

Munk function, we found that the band gap energies for 

NiO and AC/CeNiO3 were 3.0 eV and 2.7 eV, 

respectively. We tested the photocatalytic activity of both 

NiO and AC/CeNiO3 photocatalysts by utilizing sunlight 

as the light source and methylene blue dye as the target 

compound. The AC/CeNiO3 nanocomposite degraded 

faster, reaching 95% degradation, whereas the NiO 

nanocomposite only reached 90% degradation. 
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