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Recent emphasis has been directed on attaining the sustainable development goals by 2030. 

Given the significance of water and its numerous functions, the necessity for clean water is 

paramount. The inefficacy of many water treatment methods limits their extensive application. 

Consequently, it is imperative to devise an efficient and environmentally sustainable approach 

for transforming organic pollutants into non-toxic and innocuous substances. This research 

employed a green synthesis method from Tradescantia spathacea to successfully produce CuO 

nanoparticles. Fourier Transform Infrared (FT-IR) spectroscopy, X-Ray Diffraction (XRD), and 

Scanning Electron Microscopy (SEM) analysis were employed to characterize and elucidate 

the structural, morphological, and compositional properties of the synthesized nanoparticles.  

Furthermore, the synthesized particles were employed to decompose the harmful Bromocresol 

Green dye. At a concentration of 1 g/l of catalyst and basic medium, the degradation rate 

accelerated to 90-100% under UV light after approximately 80 minutes. When light was not 

present, the photocatalytic breakdown of bromocresol green using CuO nanoparticles was about 

half as effective as when light was present. The effectiveness of CuO nanoparticles that have 

been reused is maintained even after five cycles. Thus, the green synthesized catalysts are very 

practical, efficient, and stable. 
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As the name suggests, "sustainable development" 

can be interpreted as "development which fulfil the 

needs of today’s generation without jeopardizing 

next generations' potential to complete their own" 

[1]. Rapid industrial expansion driven by an ever-

increasing population, has resulted in a rise in water 

consumption due to which water resources are 

severely contaminated and degraded [2-4]. Sustainable 

water management ensures safe drinking water amid 

climate, urban, and population challenges [5]. Heavy 

metals, oil residues, dyes, and polycyclic hydrocarbons 

all significantly degrade the quality of water. 

 

Physical, chemical, and biological techniques 

are used in wastewater treatment to eliminate 

contaminants. Solids are separated by physical  

techniques like nanofiltration [6], microfiltration 

[7], reverse osmosis [8], forward osmosis [9],  

electrodialysis [10], centrifugal separation and 

screening along with filtration [11], gravity separation 

along with sedimentation [12, 13], adsorption [14, 15] 

etc. Chemical processes that neutralise or remove 

dissolved materials include coagulation [16], flotation 

[17], electrolysis [18], distillation [19], crystallization 

[20], evaporation [21] and advanced oxidation 

processes [22]. Microorganisms that decompose 

organic materials are used in biological procedures, 

frequently in biofilm or activated sludge processes 

[23, 24, 25, 26, 27]. By effectively addressing various 

contaminants, the combination of these methods 

guarantees cleaner water that is suitable for reuse or 

disposal. One of the major contaminants discharged 

from industries into the water bodies are dyes which 

majorly affects the human health and environment. 

 

Colouring has been an important aspect of 

human vision for more than a century hence dyes are 

widely used in a variety of sectors, including printing, 

textiles, leather, plastics, coatings, food, and paper, 

hence industrial effluents containing dyes have a 

considerable impact on water contamination [28]. 

There are several dyes based on their nature such as 

natural dyes [29], synthetic dyes [30], reactive dyes 

[31, 32], direct dyes, vat dyes [33], acid dyes [34] and 

basic dyes [35]. Synthetic dyes are a major organic 

contaminant that frequently ends up in water streams. 

The presence of even minute amounts of such artificial 

dyes may cause enormous volumes of water to become 

coloured [30]. One such artificial dye that is a member 

of the triphenylmethane group is Bromocresol Green 

(BCG). It is a member of the sulfonephthalein dye 

class. In applications like titrations and microbe growth 

media, it serves as a pH indicator [36]. This ionic dye 

is usually found as a sodium salt (dark green solid), 

https://www.sciencedirect.com/science/article/pii/S1944398624204495
https://www.sciencedirect.com/science/article/pii/S1944398624204495
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which makes it very soluble in water and widespread 

contamination can be caused by even little amount of 

this dye in the plant's aqueous effluent. BCG can exist 

in two different forms based on the pH of the solution. 

In an aqueous solution, bromocresol green will ionise 

to produce the yellow monoanionic form, which will 

then deprotonate at a higher pH to produce the blue 

dianionic form. It has a blue hue above pH 5.4 and a 

yellow hue below pH 3.8 [37]. The structure of BCG 

is shown in Figure 1. 
 

Dye chemicals are notoriously resistant to 

degradation and have been linked to a wide range 

of carcinogenic and mutagenic issues, providing 

a significant threat to both the environment and 

human health. As a result, dye-containing effluent 

must be treated before it is released into the  

environment [38, 39]. 

CuO nanomaterials, a p-type semiconductor, 

are regarded as exceptionally potential materials 

for utilisation in a range of industries, such as 

semiconductors, field-effect transistors and memory 

devices, solar energy, lithium-ion batteries, and 

photo catalysts for the breakdown of organic 

pollutants. CuO nanoparticle’s small band gap  

enables them to efficiently absorb visible light  

making them useful as photo catalysts. Their large 

surface area, stability, and potent oxidation -

reduction capabilities increase their effectiveness 

in breaking down organic contaminants and 

separating water for use in energy and environmental 

applications [45] . CuO NPs' durability and 

reusability add to their efficacy and make them 

a very economical and efficient option for wastewater 

treatment. 

 

 

 

 
 

Figure 1. Molecular structure of Bromocresol Green. 

 

 

 

Table 1. Comparison of metal oxide derived NPs for degradation of Bromocresol green. 

 

S. No. Type of 

Nanoparticles 

Catalyst 

Dosage 

BCG 

Concentration 

% 

Degradation 

Time 

(min) 

References 

1.  TiO2 -PC500 1gm/mol 32 ppm 98% 180 [40] 

2.  CaO-NPs 5gm 30 ppm 70% 60 [41] 

3.  Co3O4-NPs 0.1gm 20 ppm 88% 300 [42] 

4.  Ag-NPs 0.6gm 100 ppm 99.12% 30 [43] 

5.  CaO-NPs 0.2gm 20 ppm 60% 180 [44] 

6.  CuO-NPs (using 

Tradescantia 

spathacea) 

1gm/L 100 ppm 100% 80 Present 

Work 
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Figure 2. Plant sample of Tradescantia Spathacea. 
 

 

 

Additionally, Tradescantia spathacea, a well-

known species in traditional herbal medicine, has 

piqued researchers' interest due to its ability to cure a 

wide range of conditions. Studies have indicated that 

TS leaves contain antibacterial and antioxidant  

properties, supporting its traditional use for wounds, 

skin infections, fever, cancer, rhinitis, and respiratory 

diseases [46]. Around the world, several genera and 

species belonging to the Commelinaceae family have 

been identified and documented. These plants have 

been used historically for a variety of reasons, including 

food, decoration, religious ceremonies, medicine, and 

environmental aspects [47, 48]. However, two of the 

75 species of Tradescantia are frequently used in 

bioactivity research. Tradescantia species are the 

most thoroughly researched and proved to have 

anti-cancerous activity [49,50], anti-viral activity [51], 

anti-inflammatory activity [52], antimycobacterial 

activity [53,54], and anti-oxidant properties [55,56]. 

 

In the current study, we have synthesized 

Tradescantia spathacea  derived copper oxide 

nanoparticles and utilized them for degrading 

bromocresol green dye in presence of UV rays. The 

formed nanoparticles showed a 100% degradation 

efficiency in just 80 minutes. To the best of our 

knowledge no one has synthesized copper oxide 

nanoparticles and used them for degradation of  

bromocresol dye. 

 

MATERIALS AND METHODOLOGY 

 

Preparation of Leaf Extract 

 

The plant Tradescantia spathacea was properly cleaned 

and dried in the sun. The leaf extract was then prepared 

by using the Soxhlet extraction method. The plant’s 

leaves shown in Figure 2 were first sliced into small 

bits. The Soxhlet extractor was then set up with 15g of 

leaves inside a round bottom flask which was filled with 

50ml of ethanol. The flask was then placed on a heating 

mantle. The process was repeated for 5-6 hours. 

Following the sample extraction, the sample was 

vapourised for 15-20 minutes on a hot plate, to make 

it more concentrated. It was then filtered and stored. 

 

Green Synthesis of Copper Oxide Nanoparticles 

using Sol-Gel Method 
 

In a 250ml beaker, 50ml of 1M aqueous copper oxide 

solution was used for biological production of copper 

oxide nanoparticles. 10ml of leaf extract was added to 

this and agitated at 800C for 2-3 hours before being left 

undisturbed. Nanoparticles were generated after few 

hours of incubation. The formed nanoparticles were 

then transferred to a petri-dish and heated for 10-15 

minutes at 50 degrees Celsius. After that, the particles 

were placed in a hot air oven for about 2-3 hours for 

drying and later on they were cooled down, stored and 

utilized for further process. The process is explained 

briefly in Figure 3. 

 

Photocatalytic Activity 
 

The investigations of photocatalytic activity was 

carried out in a cylindrical glass beaker. A 100ml 

solution of bromocresol green dye (100ppm) with 

specified catalyst quantity was placed in a beaker and 

the pH of the reaction mixture was determined. The 

reaction mixture was then agitated for 30 minutes 

before being exposed to a UV lamp in UV inspection 

chamber as shown in Figure 4. A magnetic stirrer was 

utilized to keep the solution shaking throughout the 

experiment. After every fixed interval, 2-3ml of the 

solution was collected and centrifuged to extract the 

catalyst particles, and the solution was then analysed 

using UV-Visible spectroscopy. 
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Figure 3. Prepared Copper Oxide Nanoparticles by Sol-Gel Method using Green synthesis. 

 

 

 

 
 

Figure 4. UV Inspection Cabinet. 

 

 

 

The extent of degradation by synthesised 

catalysts was determined using the equation below. 

 

% Degradation = C0-Ct / C0*100 (1) 

 

where  C 0  and C t  are  the  s tar t ing  and f ina l  

concentrations obtained under the same reaction 

conditions. 

 

Photocatalytic Degradation Mechanism 

 

The primary process of photocatalytic degradation 

by copper oxide nanoparticles (CuO NPs) is the 

absorption of light energy, usually in the visible  

or ultraviolet spectrum, because of CuO's small 

bandgap. CuO NPs absorb photons when exposed 

to radiation, which causes electrons in the valence 

band to be excited and move into the conduction band. 

With electrons (e⁻) in the conduction band and holes 

(h⁺) in the valence band, this process creates electron-

hole pairs. For the photocatalytic processes to begin, 

these electron-hole pairs are essential. 

 

𝐶𝑢𝑂 + ℎ𝑣 → 𝐶𝑢𝑂(𝑒-) + 𝐶𝑢𝑂(ℎ+) (2) 

 

The conduction band's excited electrons have 

the ability to interact with nearby oxygen molecules 

(O₂) and reduce them to create superoxide radicals 
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(•O₂⁻). In the meanwhile, hydroxyl radicals (•OH) 

can be created when the valence band holes interact 

with water molecules on the CuO NPs' surface. 

 

𝐶𝑢𝑂(𝑒-) +  O₂   →  •O₂⁻  (3) 

 

  𝐶𝑢𝑂(ℎ +) +  H₂O →  • OH   (4) 

 

Superoxide and hydroxyl radicals are the 

primary oxidising agents in the breakdown process 

and are both extremely reactive. By attacking the  

pollutant molecules, these reactive oxygen species 

(ROS) disassemble complex organic structures into 

smaller, less dangerous intermediates. 

 

Dye + •O₂⁻ → Degraded Products (CO2 + H2O) 

← Dyes + •OH  (5) 

 

These intermediates are eventually mineralised 

into Carbon dioxide (CO₂), Water (H₂O), and other 

innocuous by-products by a series of oxidation 

processes as shown in Figure 5. 

 

 

 

 
 

Figure 5. Photocatalytic degradation mechanism. 

 

 

 

 
 

Figure 6. UV-Visible Spectrum of prepared CuO Nanoparticles. 
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Figure.7. Tauc Plot. 
 

 

 

RESULT AND DISCUSSIONS 
 

Characterisation 
 

The formation of nanoparticles was confirmed by 

using UV-Visible spectroscopy. In the UV–Vis spectra 

of the CuO NPs, the production of CuO NPs is 

indicated by the most prominent absorption peaks at 

380–450 nm. The spectra's highest peak is attributed 

to the shift in surface plasmon resonance (SPR) caused 

by metal oxide absorption. The highest peak, which 

confirmed the production of CuO NPs was seen at 

405 nm as seen in Figure.6. The Tauc plot has been 

employed for calculating the nanoparticles bandgap 

energy. 

The Tauc equation is represented as: 

 

(αhʋ)γ =A(hʋ - Eg)  (6) 

 

where hʋ is the energy of the incident photon, α is 

absorption coefficient of the material, Eg  is the band 

gap energy, A is the proportionality constant and γ 

denoted the nature of the electronic transition, γ=2 

(direct allowed transition). The band gap energy of the 

direct transition of CuO nanoparticles was determined 

using a tauc plot to be Eg = 3.025eV as shown 

in Figure.7, demonstrating the high photocatalytic 

activity of the material that was synthesised at 

the nanoscale. 

 

 

 

 
 

Figure 8. XRD Pattern of Copper Oxide. 
 

0

5

10

15

20

25

30

35

2.65 2.7 2.75 2.8 2.85 2.9 2.95 3 3.05 3.1

(α
hʋ

)2
 (e

V
cm

-1
)2

Energy (eV)

Band Gap Energy(Eg)= 



118   Shilpi, Avantika, Anamika and Shivam Pandey   Synthesis and Performance of Green Synthesized  

  CuO Nanoparticles for Degradation of Noxious 

  Bromocresol Green 

 

 
 

Figure 9. FTIR Spectrum of Copper Oxide. 
 

 

 

XRD is an effective and frequently used 

material characterisation tool [57]. XRD pattern 

of CuO Nanoparticles is shown in Figure.8. It 

was determined that the Copper Oxide i.e. CuO, 

nanomaterial has a monoclinic structure by obtaining 

diffraction peaks at 2Ɵ values of 32.30, 35.2°, 38.4°, 

48.6°, 53.3°, 58.2° parallel to (110), (111), (111), 

(202), (020), and (202) planes. Sharp diffraction peaks 

between (2̟Ɵ = 35.5-38.6) are seen, confirming that 

CuO NPs were successfully synthesised. The current 

findings align with earlier publications on CuO 

synthesis [58, 59]. 

 
FTIR microscopy is well recognized as a useful 

tool for micro-destructive testing of small materials. 

Recent developments in mapping and imaging  

technologies have enabled the capture of several FTIR 

spectra on a single surface, providing a distribution 

map of known compounds [60]. 

 
Fourier Transform Infrared (FTIR) spectroscopy 

was conducted to analyze the functional groups of the 

synthesized copper oxide nanoparticles (CuO NPs) 

and to verify their formation. FTIR spectrum was 

taken in the 4000 -500 cm-1 range, and the observed 

bands are in line with the previously reported articles 

on CuO nanoparticles. The wide absorption band 

at 3969 cm-1 can be attributed to OH stretching 

vibrations that could be a result of surface-adsorbed 

water and hydroxyl groups attached to the CuO 

surface. This type of hydroxyl group is usually 

reported in CuO nanoparticles and helps to make them 

surface reactive and stable [61,62]. This peak at the 

value of approximately 2977cm-1 is assigned to the 

aliphatic CH stretching vibrations, and in this case, it 

is due to the remaining organic species on the surface 

of the CuO nanoparticles. The same has been observed 

in the case of chemically and biologically prepared 

CuO nanoparticles [63]. The low intensity bands at 

2544 cm-1 and 2421 cm-1 can be attributed to the O-H 

stretch of carboxylic or a CO2 adsorption in the weak 

band, which is very common in CuO nanostructure 

that has been exposed to the ambient conditions [64]. 

The absorption band at 2140 cm-1 can be attributed to 

functional groups of unsaturated functional groups 

stretching, and the band at 1927 cm-1 is associated with 

combination or overtone bands of organic residues 

bound on the surface, as cited in CuO nanoparticle 

FTIR spectra [65]. 
 

It is observed that a significant peak at the 

position of 1564 cm-1 corresponds to N-H bending or 

C=C vibrations, which is evidence of the presence 

of functional groups of surface elements in contact 

with the nanoparticles of CuO. The highest point 

at 1383 cm-1 can be attributed to symmetric stretching 

of carboxylate groups (-COO -), which indicates that 

the copper ions are coordinated with surface ligands 

[66]. Absorption band at 1271 cm-1 is attributed to C -

O stretching vibrations, and the intense band at 881 

cm-1 is attributed to C -H bending vibrations. Notably, 

the high absorption band at 617 cm -1 resembles the 

Cu -O stretching vibrations, which are conclusive to 

form copper oxide nanoparticles. This CuO vibrational 

band is one of the main fingerprints of monoclinic 

CuO that has been extensively reported on in the 

CuO nanoparticle literature [67-69]. In general, the 

FTIR data prove the effective synthesis of CuO 

nanoparticles. 
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SEM examination is used to classify the size, 

morphologies and form of nanoparticles that are 

created. SEM is used to obtain high resolution pictures 

of a sample’s surface. SEM analysis showed that 

the formed NPs particles have spherical morphology 

and are agglomerated as seen in Figure 10. 

 

Photocatalytic Degradation 

 

Synthesised CuO Nanoparticles were used for the 

degradation of Bromocresol Green dye in presence of 

UV light. Different parameters such as concentration 

of catalyst, concentration of pollutant and pH were 

varied and the experimental results were observed. 

Effect of Time 

 

Figure 11. illustrates the photocatalytic degradation 

of Bromocresol Green dye under different time 

period. The experiments was performed to verify 

the effectiveness of NPs on dye degradation. 0.1g/l 

of catatlyst dose was used for 100 ppm solution 

of the dye. The % degradation of the taken dye 

was only 10% under light after 10 minutes. But 

within a time of about 80 minutes, the degradation 

percentage increased up to 100% under UV light. 

Our result is similar to Rocha et al., who concluded 

in their work that with increase in time, % degradation 

also increases [70]. 
 

 

 

 
 

Figure 10. SEM image of CuO Nanoparticles. 
 

 

 

 
 

Figure 11. Effect of time on the degradation of Bromocresol Green. 
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Figure 12. Effect of varying concentration of catalyst on the degradation of Bromocresol Green. 
 
 

 

Concentration of Catalyst 

 

Figure 12 reported the photocatalytic degradation of 

Bromocresol Green under different concentration of 

catalyst. According to the analysis, with increase 

in concentration of the catalyst the percentage of 

degradation also increases. The observation of graph 

states that at 0.25 g/l concentration, the percent of 

degradation is only 35-40%. But as the concentration 

of the catalyst is increased the degradation percent 

also starts increasing. The percent degradation of 

the dye touches almost 100% at concentration of 

1g/l. After further increase in the concentration the 

degradation starts decreasing slowly and reduces 

to a value of 95%. Our observation is similar to El-

Kammah et al., who observed that there is maximum 

degradation at 1g/l solution [71]. This behavior results 

from an increase in the number of active sites and 

photons continually absorbed on the catalyst particle's 

surface, hence enhancing the degradation percentage. 

However, when the catalyst concentration surpasses 

the ideal level, particle agglomeration occurs, leading 

to a reduction in surface area and thus diminishing the 

catalyst's degrading efficiency. 

 

Effect of pH  

 

As per observation via Figure.13, in acidic medium 

the degradation is lesser upto 50% and it increase as 

the pH increase. The degradation was found to be 

maximum 90-100% in the basic medium. At neutral 

pH, the degradation is about 67-70%. Kim et al., also 

observed the similar trend in their work that with 

increase in pH, % degradation will also increase [72]. 
 
 

 

 
 

Figure 13. Effect of varying pH on the degradation of Bromocresol Green. 
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Figure 14. Effect of light condition on degradation of dye. 

 

 

 

When assessing materials or techniques 

intended for the removal of dye from water or effluent, 

the degradation of dye in the presence and absence of 

UV radiation is usually used to gauge the efficacy of 

photocatalytic processes. In overcast or dark situations, 

UV light could not be available for wastewater cleanup. 

Knowing how well the degrading process works 

without UV light makes it easier to assess its viability 

and scalability in a range of environmental conditions. 

The results of the experiment demonstrated that when 

photocatalytic degradation conducted in the dark, 

the CuO NPs was about half as effective as when 

photocatalytic degradation when done in presence of 

light as illustrated in Figure 14. 

 

 

 

 
Figure 15. Reusability of formed catalyst. 
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Reusability 

 

Two critical and significant aspects of study are the 

recovery and reusability of the CuO photo catalyst 

following the photocatalytic experiment. Reusing 

CuO nanoparticles is made feasible by the CuO photo 

catalyst’s easy separation from the reaction mixture. 

At the conclusion of each step, the CuO catalyst was 

extracted from the reaction mixture, cleaned with 

ethanol and water, dried in a vacuum oven, and then 

used in the subsequent degrading cycles at room 

temperature. The cycle was repeated five times ≥99% 

dyes were degraded in 1st series which gradually 

decreased per cycle as 96.42%, 92.54%, 91.32%, 

89.87% for 2nd, 3rd, 4th and 5th cycles, respectively 

as illustrated in Figure 15. Consequently, the sol 

gel synthesised CuO nanoparticles high catalytic  

efficiency, stability, and ease of recycling allow it to 

be a viable photocatalyst for ecological restoration. 

 

CONCLUSION 

 

We successfully synthesized copper oxide nanoparticles 

utilizing leaf extracts from Tradescantia spathacea. 

Following the synthesis of CuO nanoparticles, we 

degrade Bromocresol Green dye by using them, 

facilitating various observations by experimental 

techniques. The XRD pattern indicated that the 

Copper Oxide nanomaterial possessed a monoclinic 

structure, exhibiting the strongest diffraction peaks at 

2Ɵ values ranging from 35.5° to 38.6°. SEM analysis 

indicated that the CuO nanoparticles exhibited a  

spherical morphology. Synthesized CuO nanoparticles 

were also utilized to decompose Bromocresol Green 

under various parameters. After around 80 minutes, 

the deterioration rate escalated to 90-100% under UV 

light with the peak degradation seen at a concentration 

of 1 g/l solution and basic medium. Degradation will 

be most pronounced in a basic solution with respect to 

pH. The photocatalytic degradation of bromocresol 

green in the absence of light demonstrated that CuO 

nanoparticles were approximately half as effective 

compared to degradation conducted in the presence of 

light. The reusability of CuO nanoparticles is highly 

effective even after five cycles. The synthesized 

catalysts exhibit exceptional stability, efficiency, and 

economic viability. 
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