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Abstract 

The UV–Visible absorption analysis of synthesized nickel oxide (NiO) nanoparticles through 

Emblicaofficinalis plant extracts confirms their successful formation and notable optical characteristics. A 

dominant absorption peak at 250.01 nm is attributed to charge transfer transitions between oxygen 2p and 

nickel 3d orbitals, reflecting the material’s semiconductor nature and high photoactivity. Additional peaks at 

296.71 nm and 370.05 nm likely arise from interband transitions or structural defects, such as oxygen 

vacancies, common in nanostructured systems. The shoulder near 370.05 nm may indicate plasmonic resonance 

or scattering effects influenced by particle size. Mie theory, which relates light scattering to particle size and 

refractive index, can be applied to the absorption data for nanoparticle size estimation, suggesting sizes within 

the 10–100 nm range. Broad absorption from 200 to 400 nm and the absence of peaks beyond 400 nm 

underscore the wide bandgap and strong UV absorption, making NiO suitable for applications in UV shielding, 

photocatalysis, and energy devices. Complementary UV–Vis spectra of Bismarck brown dye show a strong peak 

between 400–500 nm, linked to π→π* transitions in azo and aromatic groups, with minor UV peaks from n→π* 

transitions. Upon visible light irradiation in the presence of NiO, a steady decline in absorbance over 48 hours 

indicates effective photocatalytic degradation. The fading of both major and minor peaks suggests full 

mineralization without stable intermediates. This confirms the efficiency of NiO nanoparticles in breaking down 

complex dye molecules, reinforcing their potential in treating dye-laden wastewater and advancing sustainable 

environmental remediation technologies. 
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Introduction 

Nickel is a lustrous, silvery-white transition metal that holds significant importance in 

modern industry due to its unique combination of physical and chemical properties. It is 

known for its strength, corrosion resistance, and ability to withstand high temperatures, 

making it an indispensable material in a variety of industrial applications (Genchi et al., 

2020). Discovered in the 18th century by Axel Fredrik Cronstedt, nickel's utility has 

expanded immensely, especially with the advancement of metallurgy, electronics, and 

chemical industries. Naturally occurring in the Earth's crust and often found in combination 

with iron, nickel is extracted mainly from ores such as pentlandite, garnierite, and laterite. 

The demand for nickel has grown consistently due to its vital role in producing alloys, 

batteries, and coatings (Briffa et al., 2020). Its essential role in the global economy is 

underscored by its wide-ranging applications in sectors such as construction, transportation, 

electronics, energy production, and healthcare. However, while nickel has enabled 

technological and industrial progress, its extensive use has also raised serious environmental 

and health concerns due to contamination and toxicity issues (Wang et al., 2025). With the 

advancement of nanotechnology, innovative strategies are now emerging to address nickel 

pollution through targeted degradation and remediation techniques, offering a more 

sustainable approach to managing its environmental impact (Rather et al., 2023). 

 

The uses of nickel are extensive and diverse, making it a critical material for various 

industries. One of the primary uses of nickel is in the production of stainless steel, where it 

imparts durability, resistance to oxidation and corrosion, and enhances the mechanical 

properties of steel alloys (Mankins & Lamb, 1990). Approximately 65% of the world’s nickel 

production is utilized in manufacturing different grades of stainless steel, which are widely 

used in kitchenware, medical instruments, architecture, and construction (IARC, 1990). 

Nickel is also an essential component in the production of other alloys such as Inconel, 

Monel, and Hastelloy, which are used in extreme environments like aerospace, marine 

engineering, and chemical processing plants (Marenych & Kostryzhev, 2020). Besides its 

metallurgical applications, nickel is critical in the battery industry, particularly in the 

production of nickel-cadmium (NiCd), nickel-metal hydride (NiMH), and the more recent 

nickel-rich lithium-ion batteries. The transition towards electric vehicles and renewable 

energy storage has further increased the demand for nickel, as it contributes to battery 

performance and longevity (Zhang et al., 2023). Furthermore, nickel is used in electroplating 
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to create corrosion-resistant coatings on various products, including coins, electronic 

components, and automotive parts. Its catalytic properties also make it valuable in 

hydrogenation reactions in the chemical and food industries, where nickel catalysts are 

employed to produce margarine and other products (Mankins & Lamb, 1990). 

 

Beyond traditional uses, nickel's applications extend into critical technological 

domains. In electronics, nickel is used in the production of sensors, capacitors, and 

transistors, where its conductivity and stability under varying conditions are highly valued 

(Kaushal et al., 2023). The aerospace industry relies heavily on nickel-based superalloys for 

the production of jet engines, turbine blades, and other high-performance components that 

must withstand extreme thermal and mechanical stress (Satyanarayana & Eswara Prasad, 

2016). In healthcare, nickel-titanium alloys, commonly known as nitinol, are used in medical 

devices such as stents, orthodontic wires, and surgical instruments due to their unique shape 

memory and superelastic properties (Uysal et al., 2022). Moreover, nickel finds application in 

water treatment systems, desalination plants, and chemical plants where resistance to 

aggressive chemicals and harsh environments is crucial. The versatility of nickel continues to 

drive research into new applications, particularly in emerging fields such as renewable 

energy, where nickel-based catalysts are investigated for hydrogen production and carbon 

dioxide reduction processes, potentially playing a vital role in addressing climate change 

challenges (Skuse et al., 2021). 

 

However, the extensive use of nickel has not come without environmental 

consequences. Nickel mining and processing activities contribute significantly to 

environmental degradation, including habitat destruction, soil erosion, and contamination of 

water bodies (Loet al., 2024). The release of nickel into the environment occurs through 

various pathways, such as industrial emissions, mining effluents, and the disposal of nickel-

containing products. Once released, nickel can persist in soils and sediments, where it may 

become bioavailable to plants and microorganisms, leading to bioaccumulation and potential 

entry into the food chain (Begum et al., 2022). Elevated concentrations of nickel in soils can 

impair plant growth by disrupting nutrient uptake and causing phytotoxic effects such as 

chlorosis, necrosis, and inhibited photosynthesis. In aquatic environments, nickel toxicity can 

adversely affect fish, invertebrates, and algae, resulting in reduced biodiversity and 

ecosystem dysfunction (Hassan et al., 2019). Moreover, atmospheric emissions of nickel, 
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often from smelting operations and the combustion of fossil fuels, contribute to air pollution 

and can lead to human exposure through inhalation (Tian et al., 2012). 

 

The environmental issues associated with nickel contamination are compounded by its 

health implications for humans. Chronic exposure to nickel compounds has been linked to a 

range of adverse health effects, including respiratory problems, skin allergies, cardiovascular 

diseases, and cancers, particularly lung and nasal cancers (Genchi et al., 2020). Nickel is 

classified as a human carcinogen by the International Agency for Research on Cancer 

(IARC), especially when exposure involves soluble nickel compounds and inhalable 

particulate forms. Occupational exposure is a significant concern in industries involved in 

mining, refining, and manufacturing nickel-based products, necessitating stringent 

occupational health measures (Guo et al., 2019). Public exposure can also occur through 

contaminated water supplies, food, and air, particularly near industrial sites. Nickel-induced 

allergic reactions, such as contact dermatitis, are among the most common immunological 

responses, affecting millions of individuals worldwide (Riedel et al., 2021). The persistence 

of nickel in the environment and its potential for biomagnification through food webs present 

long-term challenges for both ecological health and human safety (Kumar et al., 2021). 

 

The challenges posed by nickel contamination have prompted significant interest in 

developing effective remediation technologies, and nanotechnology has emerged as a 

promising tool in this regard. Nanotechnology offers innovative approaches to the 

degradation, removal, and recovery of nickel from contaminated environments (Ningthoujam 

et al., 2022). Nanomaterials, due to their high surface area-to-volume ratio, tunable surface 

properties, and reactivity, are particularly effective in adsorbing and immobilizing heavy 

metals like nickel. Various types of nanomaterials, such as nanoparticles, nanotubes, and 

nanocomposites, have been explored for nickel remediation (Baby et al., 2022). For instance, 

iron-based nanoparticles, including zero-valent iron (nZVI) and iron oxide nanoparticles, 

have demonstrated strong affinity for nickel ions, enabling their removal from contaminated 

water through adsorption and co-precipitation mechanisms. Functionalized carbon nanotubes 

and graphene oxide sheets are also investigated for their exceptional adsorption capacities 

and rapid kinetics in binding nickel ions from aqueous solutions (Yang et al., 2019). 

 

In addition to adsorption, photocatalytic degradation using semiconductor 

nanomaterials like titanium dioxide (TiO₂) and zinc oxide (ZnO) has been explored to 
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degrade organic complexes of nickel or to facilitate redox reactions that immobilize nickel in 

less bioavailable forms (Farooq et al., 2024). Nanotechnology also enables the development 

of biosensors for real-time detection and monitoring of nickel concentrations in 

environmental samples, allowing for more precise and timely intervention. Furthermore, 

biogenic nanoparticles produced by microorganisms offer an eco-friendly alternative for 

nickel remediation (Ramesh et al., 2022). Microbial reduction of nickel ions to elemental 

forms or their sequestration within biomass or biogenic mineral phases presents a low-cost 

and sustainable approach for treating nickel-contaminated sites (Newsome et al., 2021). 

 

Another promising area is the use of magnetic nanomaterials, which allow for easy 

separation and recovery after treatment. Magnetic iron oxide nanoparticles functionalized 

with specific ligands can selectively bind nickel ions, and after adsorption, they can be 

retrieved using an external magnetic field, minimizing secondary pollution. The regeneration 

and reuse potential of nanomaterials further enhances their economic viability for large-scale 

applications (Eivazzadeh-Keihan et al., 2021). Research into hybrid systems, combining 

nanomaterials with biological or chemical treatment methods, is ongoing to enhance the 

efficiency, selectivity, and sustainability of nickel remediation processes (Ji et al., 2024). 

 

Despite the significant potential, the use of nanotechnology in nickel degradation also 

poses certain challenges, including the risk of introducing new nanomaterial-related 

environmental and health issues (Singh et al., 2024). Therefore, it is essential to conduct 

comprehensive risk assessments, develop green synthesis methods, and design nanomaterials 

that are biodegradable or easily recoverable to minimize unintended consequences. 

Regulatory frameworks guiding the safe production, use, and disposal of nanomaterials are 

critical to ensuring that nanotechnology contributes positively to environmental remediation 

efforts without creating additional risks (Dhall et al., 2024). 

 

Nickel is a metal of immense industrial significance, with applications spanning from 

stainless steel production to battery manufacturing and medical devices. Its versatile 

properties have made it indispensable in modern society. However, the environmental and 

health challenges associated with nickel extraction, use, and disposal are serious and require 

immediate attention. Nickel contamination affects ecosystems, reduces biodiversity, and 

poses carcinogenic risks to humans (Kandasubramanian, 2024). The rise of nanotechnology 

provides promising new tools for addressing nickel pollution through advanced detection, 
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removal, and recovery techniques. Continued research, responsible development of 

nanomaterials, and stringent environmental regulations are essential to leverage 

nanotechnology effectively while minimizing potential risks. As industries move toward 

sustainable practices, integrating nanotechnological solutions for nickel remediation 

represents a crucial step toward balancing industrial growth with environmental stewardship 

and public health protection (Guerra et al., 2018). 

 

The present study deals with the Emblicaofficinalis leaf extract based NiO 

nanoparticles used to analyse the photocatalytic degradation of AZO dye. 

 

Materials and Methods 

Plant collection and extraction: Leaves of Emblicaofficinalis were harvested from an 

agricultural area in the Coutrallam hills. The collected leaves were shade-dried and ground 

into a fine powder using a mechanical grinder. For extract preparation, 10 grams of the dried 

powder were mixed with 100 mL of distilled water and heated at 60–80 °C for approximately 

20 minutes. The mixture was then cooled to room temperature and filtered using Whatman 

No.1 filter paper to obtain a clear aqueous extract. 

 

Synthesis of NiO Nanoparticles: A 0.1 M aqueous solution of nickel nitrate hexahydrate 

[Ni(NO₃)₂·6H₂O] was prepared by dissolving the required amount in distilled water. To this 

solution, the prepared Emblicaofficinalis leaf extract was added dropwise under constant 

stirring at room temperature. The mixture was then heated at 70–80 °C and continuously 

stirred for 2–3 hours. A gradual color change indicated the formation of nickel oxide 

nanoparticles. 

 

Characterization of NiO nanoparticles: The synthesized nickel oxide (NiO) nanoparticles 

were characterized using UV–Visible spectroscopy to confirm their optical properties and 

estimate particle size. A stable colloidal suspension was prepared by dispersing a small 

quantity of the calcinedNiO nanoparticles in distilled water using ultrasonication. The 

absorbance spectrum of the suspension was recorded in the range of 200–800 nm using a 

UV–Vis spectrophotometer, with distilled water as the reference blank and a 1 cm quartz 

cuvette.  

 

Photocatlytic degradation of AZO dye using NiO nanoparticles: The photocatalytic activity 

of the synthesized NiO nanoparticles was evaluated by monitoring the degradation of 
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Bismarck Brown dye under visible light irradiation. A stock solution of the dye was prepared 

by dissolving an appropriate amount in distilled water to obtain a concentration of 10 mg/L. 

In a typical experiment, 100 mL of the dye solution was placed in a beaker, and a specific 

amount of NiO nanoparticles (e.g., 50 mg) was added as the photocatalyst. The suspension 

was stirred in the dark for 30 minutes to establish adsorption–desorption equilibrium between 

the dye molecules and the catalyst surface. Following this, the suspension was exposed to 

visible light using a halogen lamp or natural sunlight, with continuous stirring to ensure 

uniform irradiation. At regular time intervals (e.g., every 30 minutes), 5 mL aliquots were 

withdrawn, centrifuged to remove the catalyst particles, and the absorbance of the clear 

solution was measured using a UV–Visible spectrophotometer. The decrease in the intensity 

of the characteristic absorption peak of Bismarck Brown (typically around 460 nm) was used 

to track the degradation efficiency. The process was continued for up to 48 hours. 

 

Result and Discussion 

The UV–Visible absorption spectrum of the synthesized nickel oxide (NiO) 

nanoparticles reveals distinct peaks, indicating successful synthesis and significant optical 

activity. A major absorption peak at 250.01 nm is attributed to charge transfer transitions 

between the oxygen 2p and nickel 3d orbitals, a hallmark of NiO’s semiconductor behavior. 

This prominent UV absorption reflects the high photoactivity of NiO, supporting its 

applicability in photocatalysis and optoelectronic devices. Additional peaks at 296.71 nm and 

370.05 nm may arise from interband electronic transitions or defect states induced by oxygen 

vacancies or lattice disorders. These features point to structural irregularities often 

encountered in nanostructured materials and confirm the nanoscale nature of the particles. 

The subtle shoulder at 370.05 nm, near the visible region, could also indicate particle size-

dependent plasmonic resonance or Mie scattering effects (Figure 1). 

 
Figure 1: UV/Vis spectral data of green synthesized nickel oxide nanoparticles. 
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To quantitatively interpret the optical absorption and estimate the size of the 

nanoparticles, Mie theory can be employed. Mie theory provides a theoretical framework for 

understanding how spherical particles interact with light, particularly when the particle size is 

comparable to the incident light wavelength. It relates the extinction efficiency to particle 

size, refractive index, and wavelength. By fitting the experimental UV–Vis absorption data 

with Mie scattering models, one can estimate the average diameter of the synthesized NiO 

nanoparticles. The presence of broad absorption features and the shift in spectral peaks may 

be influenced by such scattering effects, suggesting that the nanoparticles are within the 

optimal size range (typically 10–100 nm) for significant light-matter interactions (Figure 1). 

 

The broad absorption from 200 to 400 nm and absence of distinct peaks beyond 400 

nm underscore the wide bandgap and strong UV absorption capacity of NiO nanoparticles. 

These attributes make them highly suitable for applications in UV shielding, photocatalytic 

degradation of dyes, and renewable energy systems such as solar cells and supercapacitors. 

 

The UV–Visible absorption spectrum of Bismarck brown dye exhibits distinct optical 

features that highlight its strong light-absorbing capabilities in the visible region (Figure 2). A 

prominent and broad absorption peak is observed between 400–500 nm, with a maximum 

absorbance of approximately 1.4 absorbance units. This peak can be attributed to π→π* 

transitions in the conjugated system of the azo functional groups and aromatic rings that are 

characteristic of the dye’s molecular structure. These chromophores are responsible for the 

vivid coloration of the dye and its ability to absorb visible light efficiently. 

 
Figure 2: AZO dye (Bismark brown). 
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In addition to the major peak, minor absorption features are visible in the ultraviolet 

region (around 250–300 nm), which may correspond to n→π* transitions involving lone pair 

electrons on nitrogen atoms or other auxiliary functional groups. These peaks further confirm 

the presence of aromatic and heteroatomic groups within the dye's structure. The sharp rise in 

absorbance in the UV region and its sustained intensity in the visible range suggest that 

Bismarck brown has a complex conjugated system that allows for effective light harvesting. 

 

The baseline flattening beyond 550 nm indicates minimal absorption in the red and 

near-infrared regions, consistent with its classification as a brown azo dye. This spectral 

behavior underlines its suitability for colorimetric applications and makes it an ideal 

candidate for photocatalytic degradation studies, where its strong absorbance can be 

monitored over time (Figure 2). 

 

The UV–Vis spectrum confirms the presence of characteristic electronic transitions of 

Bismarck brown dye, especially in the visible region. The strong absorption properties 

provide a useful baseline for evaluating dye degradation under photocatalytic conditions and 

reinforce its applicability in environmental monitoring and textile wastewater treatment 

studies. 

 

The time-resolved UV–Visible absorption spectra of Bismarck brown dye 

demonstrate a clear trend of photocatalytic degradation under visible light in the presence of a 

nickel oxide nanoparticle catalyst. Initially, the dye exhibits a strong absorption peak between 

400–500 nm, characteristic of π→π* transitions in its azochromophores and aromatic 

structures. The maximum absorbance is observed around 1.5 absorbance units at 0 minutes, 

indicating a high concentration of dye molecules in solution (Figure 3). 

 
Figure 3: Dye degradation by nickel oxide nanoparticles. 
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As the reaction proceeds, a gradual and consistent reduction in peak intensity is 

observed at subsequent time intervals—5, 10, 15, 30, and 60 minutes—extending further to 2 

hours, 24 hours, and eventually reaching minimal absorbance at 48 hours. This decline in 

absorbance reflects the progressive breakdown of the dye’s conjugated system, particularly 

the degradation of the azo bonds and aromatic rings responsible for its coloration. 

 

The sustained decrease in absorbance without the emergence of new peaks suggests a 

complete mineralization process rather than the formation of stable intermediate products. 

The disappearance of additional UV region peaks between 250–300 nm further supports the 

idea that side groups and minor chromophores are also being degraded over time. By the 48-

hour mark, the absorbance drops to near-baseline levels, indicating a significant reduction in 

dye concentration and potential transformation into non-toxic end products like CO₂, H₂O, 

and other simple molecules (Figure 3). 

 

These spectral results confirm the effective photocatalytic activity of the nickel oxide 

nanoparticles, highlighting their potential in the degradation of persistent organic dyes from 

industrial effluents. The steady decline in absorbance across all time points underscores the 

reliability and sustainability of the photocatalytic process for environmental remediation 

purposes. 

 

Conclusion 

The UV–Visible spectral analysis provides strong evidence for the successful 

synthesis and optical functionality of nickel oxide (NiO) nanoparticles using 

Emblicaofficinalis, as indicated by distinct absorption features in the ultraviolet region. The 

primary peak at 250.01 nm confirms the expected charge transfer transitions, while additional 

features at 296.71 nm and 370.05 nm suggest the presence of structural defects and size-

dependent effects. The observed spectral characteristics align with Mie theory, which aids in 

estimating particle size by modeling light interaction with spherical nanoparticles, affirming 

their nanometric dimensions and efficient light-scattering behavior. The broad UV absorption 

and absence of peaks beyond 400 nm support the material’s wide bandgap and make it 

suitable for photocatalytic and optoelectronic applications. Complementing this, Bismarck 

brown dye exhibited strong absorption in the visible region, primarily due to π→π* 

transitions in its azo-linked aromatic structure. Upon exposure to visible light in the presence 

of NiO nanoparticles, the dye’s absorbance steadily declined over time, indicating effective 
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photocatalytic degradation. The lack of emerging peaks and the complete fading of UV-

visible absorption signals suggest comprehensive mineralization rather than partial 

breakdown. These results collectively highlight the high photocatalytic potential of NiO 

nanoparticles, underscoring their environmental relevance in degrading toxic dyes from 

wastewater and their broader applicability in sustainable remediation technologies. 
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