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Abstract

The existing research work is to examine the photoinduced dye degradation behavior
of zinc oxide (ZnO) and copper oxide (CuO) nanoparticles (NPs). The plant extract
and nitrate dihydrate salt of zinc and copper was used to synthesize ZnO and CuO NPs.
The extract was of neem plant and acts as a stabilizing, capping and reducing agent.
The synthesized NPs are analyzed using UV-Visible technique and the degradation
efficiency of both NPs under direct sunlight was also studied. The maximum light
absorbed by the NPs at specific wavelength was revealed using UV-Visible analyzer
1.e., 350 and 222 nm for ZnO and CuO NPs, respectively. The degradation behavior
of NPs was observed against dyes known as methylene blue (MB) and methyl orange
(MO). The ZnO NPs degraded dyes to the extent of MB (93.93%) and MO (86.36%),
while CuO degradation behavior was found to be MB (94.5%) and MO (93.45%).
Overall, both of the NPs showed greater degradation efficiency against MB as
compared to MO because MO forms stronger bonds with photocatalysts and is
resistive to breakdown. The reusability study of NPs was also performed revealing
that both, ZnO and CuO, NPs could be used for dye degradation up to three cycles

even after every cycle NPs efficiency is reducing.

Keywords: Azadirachta indica; Nanoparticles (NPs); UV-Vis, Photocatalytic dye
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Introduction

The natural environment, which sustains life on Earth, is deteriorating at an
unprecedented rate [1]. Human activities, coupled with climate change, are ravaging
ecosystems, threatening biodiversity, and jeopardizing the well-being of future
generations [2]. Air pollution from toxic emissions contaminates the air, causing
respiratory diseases and premature deaths, while water pollution from chemical runoff
and industrial waste harms aquatic life and human health [3]. Deforestation accelerates
climate change, destroys habitats, and disrupts ecosystems, compromising soil fertility
and threatening food production [4]. Climate change intensifies weather events, melts
ice caps, and imperils global food security, economies, and human settlements [5].
Biodiversity loss undermines the delicate balance of nature, leading to species
extinction, habitat destruction, and ecosystem disruption. The consequences of
environmental degradation are far-reaching and devastating [6]. Health impacts
include increased respiratory diseases, cancer, and mental health issues [7]. Food
insecurity arises from decreased crop yields, water scarcity, and loss of arable land [8].
Economic consequences encompass damage to infrastructure, loss of productivity, and
increased healthcare costs [9] while Social impacts include displacement, migration,
and social unrest due to environmental degradation. Moreover, ecological collapse
looms as a dire possibility, with irreversible damage to ecosystems leading to
catastrophic consequences [10]. Transitioning to renewable energy, implementing
sustainable practices, protecting and restoring ecosystems, enforcing environmental

policies, and educating communities are crucial steps [11].

Nanoparticles play a crucial role in environmental cleaning due to their unique
properties [12]. They have a high surface area-to-volume ratio, enabling enhanced
reactivity and adsorption capacity [13]. Their small size allows penetration into porous
materials for targeted pollution removal [14]. Nanoparticles also exhibit catalytic
properties, facilitating chemical reactions for pollutant degradation [15]. Natural plant
extracts offer an eco-friendly, cost-effective, and simple method for nanoparticle
synthesis [16]. These extracts serve as stabilizing agents, preventing nanoparticle
aggregation [17]. The benefits of plant-mediated nanoparticles are numerous. They

provide environmental sustainability, low toxicity, high efficiency, cost-effectiveness,
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and scalability [18]. By combining nanoparticles with natural plant extracts, we can
develop innovative solutions for environmental cleaning and sustainable development.
This approach ensures a healthier environment and a brighter future. Furthermore,
plant-mediated nanoparticles have the potential to revolutionize wastewater treatment,
soil remediation, and air purification, making them an essential tool in the fight against

environmental pollution.

This study aims to develop a reproducible soft template-based method for synthesizing
Neem extract-mediated nanoparticles (NPs) and correlate their dye degradation
efficiency with size [17]. The goal is to address the long-standing reproducibility issue
hindering NP applications in environmental remediation. By establishing a reliable
size-efficiency relationship, this research will optimize NP-based technologies for

efficient dye degradation and wastewater treatment.
Methodology

The reagents & chemicals used in research work are of systematic grade and sanitized.
All the glassware was washed and rinsed with ethanol before its utilization. The
synthesized NPs of ZnO & CuO goes through four different analytical techniques like
UV-visible spectrophotometer, Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD) and Scanning electron microscopy (SEM). The NPs (1mg) and
distilled water (10mg) were put in a beaker to prepare a solution (0.01%) after 10 min
sonication or 2-3 min ultrasonication. Turn on UV-Visible spectrophotometer and then
lamp warmed up till red light turned green. The cuvette was washed using distilled
water and then cleaned with tissue paper before use. At first, for instrument calibration
blank was run i.e., fill the cuvette with distilled water (a blank), placed in
spectrophotometer in a way that transparent sides are in front of light and got the
reading after lid is closed. Then do autozero and discard the blank in a waste bottle
and now fill the 3/4™ part of cuvette with a sample of ZnO and CuO NPs. The
absorbance was observed at 300-800 nm and wavelength/peak at maximum

absorbance was obtained in the form of the graph.

Preparation of plant leaf extract
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The leaves of A. indica (fresh neem) were collected from Gujrat, Pakistan and washed
thoroughly using distilled water. The leaves were dried, finely chopped in hot air oven,
and turned into a fine powder using mechanical grinder. The powder was stored in an
airtight container. 10 g of neem dust and 100 ml of distilled water were taken in a
beaker and stirred for an hour at about 60°C to prepare neem powder solution [19].
Then the solution was cooled down at room temperature and filtered using normal
filter paper to get the leafy materials as a residue. The filtrate then goes through
Whatman filter paper No. 1 to collect a clear solution of light green color. The extract
could be stored at 4°C and was used as a reducing, stabilizing, and caping agent for

the synthesis of ZnO and CuO nanocomposites.
Preparation of solutions for NPs synthesis

The two different solutions are prepared for NPs synthesis i.e., copper salt (copper

nitrate dihydrate) and zinc salt (zinc nitrate dihydrate) solution.
Solution of zinc nitrate dihydrate

100 mM / 0.1 M solution of zinc salt was prepared by dissolving 2.3 g of zinc nitrate
dihydrate in 100ml of distilled water. The solution was stirred continuously to ensure
proper mixing of reagents. Molecular weight of zinc nitrate dihydrate [Zn (NOs3); -
2H>0] =225.4 g/mol

1 mole

1M = 1L
(100 = 1000) mole
1L

0.1 mole
1L

0.1 mole x 225.4 g/mol
1L

2254 ¢
1L

100 mM of zinc nitrate dihydrate per 1 liter is 22.54 g. So, per 100 ml (0.1 L), zinc

100 mM =

100 mM =

100 mM =

100 mM =

nitrate dihydrate required is;
100 mM = 22.54 X 0.1 L
100 mM = 2.254 g/100ml

http://xisdxjxsu.asia VOLUME 20 ISSUE 11 NOVEMBER 2024 231-243



http://xisdxjxsu.asia/

Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

100 mM = 2.3 g per 100ml
Solution of copper nitrate dihydrate

100 mM / 0.1 M solution of copper salt was prepared by dissolving 2.2 g of copper
nitrate dihydrate in 100 ml of distilled water. The solution was stirred continuously to
ensure proper mixing of reagents. Molecular weight of copper nitrate dihydrate [Cu
(NO3)2 - 2H20] = 223.59 g/mol

1 mole
1M = 1L

(100 = 1000) mole

1L
0.1 mole

1L
0.1 mole x 223.59 g/mol

1L
22.359¢g

1L
100 mM of copper nitrate dihydrate per 1 liter is 22.359 g. So, per 100 ml (0.1 L), zinc

100 mM =

100 mM =

100 mM =

100 mM =

nitrate dihydrate required is;
100 mM = 22.359 X 0.1 L
100 mM = 2.2359 g/100ml
100 mM =~ 2.2 g per 100ml

Synthesis of ZnO NPs

A solution of zinc nitrate dihydrate was poured in a beaker with which 20 ml of neem
extract was incorporated at room temperature, a drop at a time. The solution pH should
be 12 and was adjusted using 2M NaOH solution. The solution was stirred
magnetically at 60 °C for about 4h to attain a yellow paste which was then filtered.
After filtration, the color of aqueous solution (light yellow) changes to pale white
indication zinc salt reduction to ZnO NPs. The filtrate was poured in a petri dish evenly
for drying in an oven at 80°C for 12h. The dried paste was peeled off from petri dish
and transformed into the ceramic crucible for calcination. The paste was calcinated for

3h at 500°C so that light white colored powder of ZnO NPs could be obtain which was
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turned into a fine white colored powder using mortar and pestle. The NPs were

collected, weighed, and stored in an Eppendorf for further characterization.

Results and Discussion

A solution of copper nitrate dihydrate was placed in a beaker with which 20 ml of
neem extract was incorporated drop by drop at room temperature. The solution pH
should be 12 and was adjusted by the addition of 2M NaOH solution. The solution
was stirred using magnetic stirrer at 60 °C for about 4h to attain a brown precipitate
indicating CuO NPs. The solution was kept at room temperature for overnight and
CuO attained was centrifuged and washed three times with distilled water. The
collected precipitates are dried in a hot air oven at 80°C for 6h and then are transformed
into ceramic vessel which was placed in an air-heater furnace for 3h for calcination at
400°C to acquire CuO NPs having black color and was turned into a fine powder using
mortar and pestle. The NPs were collected, weighed, and stored in an Eppendorf for

further characterization.
Photocatalytic Activity

The photocatalytic ability of synthesized nano-photocatalysts was evaluated through
photodegradation of Methylene Blue (MB) and Methyl Orange (MO) after being
exposed to direct sunlight [20]. The activity was performed in the hottest months of
the year i.e., June and July of 2024 from 10:00 AM to 4:00 PM having average
temperature and sunlight intensity of about >40 °C, and 329.67 W/m?. In 100ml dye
solution, 60mg of synthesized NPs were added and the solution was sonicated in the
dark for about 1h to attain adsorption-desorption equilibrium. The first reading was
taken in the dark known as zero minutes reading and was analyzed using UV-Visible
spectrophotometer. Then, the solutions were exposed to sunlight under ambient
conditions. After being exposed, every 20 minutes 3ml of the solution/sample was
collected and was analyzed after removing photocatalysts from it using centrifugation
and filtration. The centrifuged suspensions were analyzed using UV-Visible
spectrophotometer and degradation efficiency of MB and MO for both samples were

calculated. The degradation percentage was calculated using
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Photodegradation (%) of congo red = [
where Co - concentration of dyes in the absence of sunlight, and C - concentration of
dyes after solar irradiation with respect to time.

The neem leaves were powdered after washing using distilled water, drying, fine
chopping, and mechanical grinding. For extract preparation, neem dust and distilled
water were taken in a beaker and the solution was stirred magnetically at 60°C for
about 1h. The resulted solution after cooling was filtered using normal filter paper to
get rid of leaves and to obtain pure and clean extract, the filtrate goes through the filter
paper known as Whatman No. 1. The extract being light green in color was stored at

4°Cand the yield came out to be 50ml.

Neem leaf extract and the clear solution of zinc nitrate dihydrate were taken in a beaker
to synthesize ZnO NPs. The solution pH was maintained at 12 using 2M NaOH and
was stirred magnetically at 60°C for about 4h and then filtered. The pale white colored
solution obtained from yellow paste after filtration was dried in an oven at 80°C for
about 12h and after scrapping and grinding weighed. The white colored powder was
calcined at 500°C for about 3h to decompose the extract completely and a fine powder
of light white colored ZnO NPs was obtained having a yield of 111.2mg. Neem leaf
extract and blue-colored solution of zinc nitrate dihydrate were taken in a beaker to
synthesize CuO NPs. The solution pH was maintained at 12 using 2M NaOH and was
stirred magnetically at 60°C for about 4h and then kept overnight at room temperature.
The brown colored precipitates indicating CuO NPs were obtained after centrifugation
and washing with distilled water and were then dried in an oven at 80°C for about 6h
and after scrapping and grinding weighed. The brown colored powder was calcined at
400°C for about 3h to decompose the extract completely and a fine powder of black
colored CuO NPs was obtained having a yield of 115.3mg.

UV-Visible spectrophotometer

0.01% solution of ZnO and CuO NPs were prepared and homogenized for fine
dispersion of NPs in a solvent. The spectrophotometer was turned on and was allowed
to heat up before the blank was run for calibration. Then both of the samples were

placed in a cuvette one by one to obtain maximum absorbance at a wavelength range
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of 200-800 nm. The graphs obtained revealed maximum light was absorbed at 350 nm
and 222 nm by ZnO and CuO NPs, respectively, confirming their synthesis as reported
in literature (Figure 12-13).
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Fig. 1 UV-Visible spectra of ZnO and CuO NPs

Wavelength (nm)

Dye Degradations

The dyes, MB and MO, were degraded under sunlight using ZnO and CuO NPs.
10ppm dye solution was degraded using 5Smg of NPs under sunlight irradiation for 120
min and the dye degradation was confirmed with the color disappearance of both dyes
under continuous light exposure. The photo-induced dyes degradation efficiency was
analyzed using UV-Visible spectrophotometer and are reported as ZnO NPs degraded
93.93% of MB and 86.36% of MO, while CuO NPs degraded 94.5% of MB and 93.45%
of MO (Figure 14-15). The ZnO and CuO, both of the NPs showed greater
photocatalytic activity towards MB as compared to MO because MB absorbance to
catalyst’s surface is good which in result generated more holes and OH radicals
enhancing pollutant degradation to higher extent, while MO forms very strong bonds
with the catalyst’s surface making it less available for photocatalytic degradation due

to its durability and resistance against breakdown®?,
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Fig. 2 Degradation of (a) MB and (b) MO using Neem mediated ZnO NPs under
sunlight

The mechanism inducing degradation includes the formation of hole-electron pairs
when NPs absorbs light as a result of which excited electrons move to excited state
leaving positively charged hole behind. The positively charged hole reacts with the
dye molecules and breakdown them by initiating oxidation reactions which in turn
enhanced degradation process by forming OH radicals using water molecules. The
superoxide radicals formed when molecular oxygen accepts electrons also has a great

contribution in efficient dye degradation®3: 84,
Reusability Study

The synthesized ZnO and CuO NPs stability, effectiveness and photocatalytic ability
in the degradation of MB and MO was evaluated through a series of reusability
experiments. The results revealed that NPs could be reused for dye degradation up to

three cycles even after the decline in degradation efficiency after every cycle (Figure
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3 and 4). The simultaneous decline in degradation efficiency is may be due to the NPs
saturation with final products indication that neem mediated ZnO and CuO NPs could

show reusability®3.
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Fig. 3Reusability status of bio-mediated ZnO NPs
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Fig. 4 Reusability status of bio-mediated CuO NPs
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Conclusion

The bio-assisted approach was used to synthesize ZnO and CuO NPs because of being beneficial
over chemical method such as ecofriendly, stable, non-toxic, cost-effective, large particle size and
greater degradation efficiency. The NPs were synthesized using neem extract and nitrate dihydrate
salts of Zn and Cu. The NPs were characterized using UV-Visible technique and the degradation
behaviour of NPs under direct sunlight was also studied against two dyes i.e., MB and MO. The
maximum absorbance observed using UV-Visible analyzer confirmed the synthesis of NPs as it is
found to be 350 nm for ZnO NPs and 222 nm for CuO NPs. Both of the NPs degraded dyes
efficiently but the photocatalytic degradation behaviour of both NPs was found to be highly
efficient against MB as compared to MO because MO forms stronger bonds with catalyst that are
difficult to breakdown. NPs reusability test was also performed revealing that NPs could be used

for up to three cycles for dye degradation.
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