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Abstract: Organic pollutants found in industrial wastewater, such as dyes, are unsafe for people and
aquatic life due to the extensive environmental and human health risks. Given the environmental
benefits, Abelmoschus esculentus (okra) seed-mediated synthesis of zinc oxide (ZnO) nanoparticles
(NPs) is used for the photocatalytic degradation of methylene blue (MB) as a model organic pollutant
under direct sunlight. Physicochemical properties of seed-mediated ZnO NPs were determined by XRD,
SEM-EDS, FTIR, and a UV-Vis spectrophotometer, which evidenced the successful synthesis of the
as-obtained sample using an eco-friendly approach. The photocatalytic degradation efficiency of ZnO
NPs to degrade MB was found to be 94.7% at optimized working conditions, such as pH (10), catalyst
load (70 mg), initial MB concentration (10 mg L), and contact time (90 min), while 46.0% under a
dark system. This study demonstrates a pseudo-first-order kinetic model for the photocatalytic
degradation of MB using eco-friendly, synthesized ZnO NPs as the photocatalyst. Therefore, the as-
synthesized okra seed-mediated ZnO NP was a potential photocatalyst for the degradation of MB dye
from aqueous solutions.
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1. Introduction

15% of the world’s total output of dye products is discharged into the environment as
dye wastewater [1]. This considerable amount of ecologically unsafe dyes produced by
industries such as textile, paper/pulp, plastic, leather, food, pharmaceutical, and cosmetics
seriously pollutes groundwater resources [2-7]. Photosynthesis in such dye-polluted water
systems is limited because the dye can block light penetration. Methylene blue (MB), the
commonly used cationic industrial dye, is toxic to humankind, animals, and aquatic organisms
[8-10].

In countries like Ethiopia, the production and use of dyes are increasing without proper
treatment. The dyes harm the environment and aquatic life, and pose serious health threats
(toxicity) to humans upon degradation [3,5-7,11,12]. Since MB is environmentally stable and
challenging to remove in sewage treatment, its removal is mandatory to protect the
environment and support life [8-10,13,14]. Given the potential toxicity of such dyes and their
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environmental consequences, there is a significant need for researchers to develop eco-friendly
methods to remove dyes from industrial effluents prior to their disposal, thereby minimizing
their impact on human and aquatic environments. Photocatalytic degradation [6,7,15-22] is one
of the most widely used methods for eliminating organic dye pollutants through mineralization,
leaving no environmentally unwanted residues [3,9,10, 23].

Semiconductors are commonly used as photocatalysts because they generate highly
reactive hydroxyl radicals and holes that degrade a wide variety of organic compounds through
oxidation [3,24]. The current study focuses on exploiting semiconductor metal oxide
nanomaterials, such as zinc oxide (ZnO), for environmental applications due to their unique
optical, electronic, mechanical, magnetic, and chemical properties [3,14-22,24]. Zinc oxide
nanoparticles (ZnO NPs) have been reported as suitable photocatalysts for the removal of
organic dyes [24,25] due to their low toxicity, direct wide bandgap, and photo-corrosion
stability [3,4,20-22].

Sol-gel processing, mechanical milling, organometallic synthesis, microwave, spray
pyrolysis, thermal evaporation, and precipitation are commonly used chemical methods for
synthesizing ZnO NPs [15,23,25]. However, these techniques repeatedly use highly reactive
and environmentally harmful organic solvents and toxic reducing agents. Therefore, the use of
plant-derived natural products for the eco-friendly synthesis of ZnO NPs is an alternative and
timely approach [3,7,8,25].

A. esculentus, known as lady's finger or okra, is likely to originate in Ethiopia and
spread all over the world. Okra pods supply food nutrients such as carbohydrates, minerals,
and vitamins, whereas the seeds serve as alternative sources of protein, fat, fiber, and sugar.
The plant is also rich in natural products, such as flavonoids, which can reduce the risk of
hyperlipidemia, stroke, diabetes, cardiovascular diseases, obesity, and cancers due to their
antioxidant properties. The whole plant is edible as it is a powerhouse of valuable nutrients
[26-34].

Hydroxyl and carboxyl functional groups of compounds in plant extracts interact
electrostatically with metal ions and act as capping agents to prevent the growth of ZnO crystals
[3,8,24,35]. The photocatalytic potential of ZnO NPs was evaluated by the degradation of MB
under direct sunlight irradiation. Data reported on A. esculentus seed extract-synthesized ZnO
NPs for the degradation of MB by photocatalysis were not found in the literature. In this work,
we reported an eco-friendly synthesis of ZnO NPs using aqueous seed extract of A. esculentus
for the photocatalytic degradation of MB dye.

2. Materials and Methods

2.1. Materials.

Chemicals and reagents used for this work include: sodium hydroxide pellets (NaOH,
99.8%, Alphax Chemical), zinc acetate dihydrate (Zn(CH3CO>). 2H20, 99.5%, Loba Chemie),
and methylene blue (C16H1sN3SClI, 82%, Loba Chemie) without further purification. Double-
distilled water was used throughout the whole experiment.

2.2. Preparation of aqueous extract and phytochemical screening test.

Seeds of A. esculentus were collected from Amhara Regional State (Ethiopia), North
Showa Zone, Shewarobit town, village 02, at the beginning of January 2021, rinsed with tap
water, then with double-distilled water, and dried in the shade for several weeks at room
https://nanobioletters.com/ C20f15
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temperature. The dried seeds were ground and packed in plastic bags until use. 20.0 g of the
seed powder (20 %) of the plant was boiled in double-distilled water at 60°C for 30 min. The
aqueous extract was then cooled, filtered through Whatman No. 1 filter paper, and stored at
4°C for further use. A phytochemical analysis of A. esculentus aqueous seed extract was
performed following known protocols [36].

2.3. Seed-mediated synthesis of ZnO NPs.

A facile and eco-friendly precipitation method was used to form ZnO NPs in the
presence of aqueous seed extract of A. esculentus. In particular, 0.5 g of Zn(CH3COO), - 2H20
(0.019 M) was added to about 100 mL of double-distilled water containing an aqueous seed
extract (20 %), and the mixture was gently stirred in a conical flask (250 mL) under a reflux
condenser at 60°C for 1 h. The solution pH was adjusted to pH 10 using 0.01 M NaOH. The
resulting solution was centrifuged at 15,000 rpm for 10 min and washed with double-distilled
water. The white-yellow paste was then dried in an oven at 100°C for 4 h to remove adsorbed
water. The resultant solid sample was labelled as ZnO NPs. Different extract concentrations
were used to investigate the role of the plant extract on the crystal structure of ZnO NPs at the
test reaction conditions: constant pH (10), reaction time (1 h), precursor amount (50 mL, 0.019
M), and temperature (60°C) [3,15].

2.4. Characterization of ZnO NPs.

The structures of different seed-mediated ZnO NPs were characterized by X-ray
diffraction (XRD) using SHIMADZU XRD-7000 equipped with an X-ray source of Cu Ka
radiation (wavelength of 1.54056 A), operating voltage of 40.0 kV and 30 mA with 26 range:
5.0-90°. The crystallite size was estimated from Debye-Scherrer’s equation using the most
intense peak of the as-synthesized samples. Fourier transform infrared (FTIR) spectra of
aqueous extract of A. esculentus seed and seed extract-mediated ZnO NPs were recorded using
a Perkin Elmer FTIR spectrometer in the range 400-4000 cm™ in a KBr pellet method in order
to identify the surface functional groups present in the extract and ZnO NPs [24,37]. The optical
properties of the as-synthesized solid sample were determined by scanning over 200-800 nm
using a UV-Vis absorption spectrophotometer (Model: Optizen POP; S.N.: 5U4604-122021-
00, Korea); samples were dispersed in deionized water before analysis. Morphologies and
composition or particle distribution of the as-synthesized photocatalyst were determined by
scanning electron microscopy (SEM), hyphenated with an energy dispersive spectroscopy
(EDS) detector and a backscattered detector instrument.

The crystal structure and phase purity of ZnO NPs were investigated using an X-ray
diffractometer. The average crystallite size of the as-synthesized nanoparticles was determined
from the XRD patterns using Scherrer’s equation [3, 37, 38].

-2 )
fpcosé

Where: D is crystallite size, k is Scherrer constant; A is the X-ray source wavelength,
which equals 0.15406 nm, B is the Full Width Half Maximum intensity (FWHM) in radians,
and 0 is the half diffraction (Bragg’s) angle. The SurfCharJ 1q plugin in Image J software was
used to investigate the surface roughness of ZnO NPs [39].
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2.5. Point of zero charge.

The pH of the point zero charge (PZC) of ZnO NPs was determined using the salt
addition method [3] to examine surface charge as a function of pH, in which sodium chloride
solution (30 mL, 0.01 M) was placed in a 100 mL Erlenmeyer flask. The pH was then adjusted
to initial pH values (2, 4, 6, 8, 10, and 12) by either NaOH or HCI (0.01 M). 0.025 g of seed-
mediated ZnO NPs was added to 30 mL of the initial concentration for a contact time of 24 h
on a rotary shaker. The final pH was measured, and the ApH was calculated by the formula,
PHsina-pHinitiai. The PZC is obtained from the plot of initial pH vs ApH [23,3,40,41].

2.6. Photocatalytic degradation of MB dye.

The photocatalytic activity of the seed-mediated ZnO photocatalyst was evaluated by
adding 0.030 g of the photocatalyst to 30 mL of an initial MB concentration (10 mg L-1) and
shaking for 2h on a rotary shaker at room temperature under direct sunlight irradiation [3,14-
23]. The absorption maxima of the MB solution were recorded using a UV-Vis
spectrophotometer, scanned at Amax = 664 nm. The photocatalytic degradation under
optimized conditions was investigated as a function of solution pH, contact time, catalyst dose,
and initial MB concentration. The degradation efficiency of the process with respect to each
parameter was calculated using the known equation [3,23].

Degradation(%) = % x100 = AOA.%AI x100 )

Where: Co (mg L) is the initial concentration of MB, Ct (mg L) is the concentration
of MB after photodegradation at time t, and Ao and A are the initial and at time t absorbance
of MB.

To evaluate the effect of contact time, the experiment was conducted at 0, 30, 60, 90,
120 min, and 0.07 g of ZnO NPs. The effect of catalyst dose on the degradation efficiency of
MB by ZnO NPs was examined at doses of 30, 50, 70, 90, and 110 mg in 10 mg L-1 of MB,
with a contact time of 2 h. The effect of the initial concentration of the MB dye solution on its
degradation was studied by varying the concentration to 2.5, 5, 10, 15, and 20 mg L-1, while
keeping the photocatalyst load (70 mg) and contact time (2 h) constant.

2.7. Degradation kinetics.

In order to investigate the plausible photocatalytic degradation mechanism of ZnO NPs
synthesized by aqueous seed extract of A. esculentus, a pseudo-first-order degradation Kinetics
model was employed.

3. Results and Discussion

3.1. Phytochemical analysis.

Phytochemical analysis of A.esculentus seed extract indicated the presence of
metabolites such as flavonoids, phenols, and tannins that can act as capping agents during ZnO
NPs synthesis (Table 1). The phytochemicals in the seed extract can also reduce the Zn?* by
donating electrons and stabilize the synthesized nanoparticles. For instance, phenolic
compounds are important plant constituents that act as reducing agents [3].
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Table 1. Qualitative phytochemical analysis of okra seed aqueous extract.

Chemical component Chemical test Color observed Water extract
Tannin Ferric chloride test Dark green +
Steroids Salkowski test Brownish-yellow +
Flavonoids Ferric chloride test Yellow ++
Saponins Wagner’s test Emulsion forms +
Alkaloids Ferric chloride test Yellow(orange) +
Phenols Ferric chloride test Brown precipitate +

+ Presence
3.2. Synthesis of ZnO nanoparticles and their formation mechanism.

ZnO NPs were synthesized involving A. esculentus aqueous seed extract using zinc
acetate dihydrate as a precursor. Its formation was confirmed by the appearance of a light
yellow color due to the reaction of phenolic compounds, such as flavonoids in the extract, with
zinc acetate dihydrate, following the reported reaction mechanism [3].

3.3. X-Ray Diffraction (XRD) analysis.

Figure 1 shows the XRD pattern of the as-synthesized ZnO via the precipitation
method. Analysis of the XRD pattern of the NPs at different concentrations of plant extract
revealed the formation of sharp peaks, free of impurities. The characteristic peaks of ZnO NPs
appeared in the XRD, and all other peaks match well with standard data at JCPDS No. 00-036-
1451 [41] for the hexagonal wurtzite crystal structure.

Table 2. Geometric parameters of ZnO NPs synthesized in different extract concentrations.

1% (a) 2% (b) 3% (c)
20 d-spacing | FWHM D 20 d-spacing | FWHM D 20 d-spacing | FWHM D
(A) (deg) | (nm) (A) (deg) | (nm) (A) (deg) | (nm)
36.27 2.48 0.58 16.9 | 36.27 2.47 0.49 15.8 36.24 2.48 0.52 14.6
34.43 2.60 0.42 16.5 34.43 2.60 0.36 15.1 34.40 2.60 0.37 14.8
31.77 2.81 0.59 15.8 | 31.77 2.62 0.49 14.8 31.75 2.82 0.52 14.2
Average crystallite size 16.4 15.2 145
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Figure 1. XRD patterns of ZnO reference and ZnO NPs synthesized with (a) 1% (black); (b) 2% (red); (c) 3%
(blue) okra seed aqueous extracts.

Based on the diffraction peaks of ZnO NPs synthesized using 1% (a), 2% (b) and 3%
(c) plant extracts (Figure 1, Table 2) the average crystallite size was calculated as 16.4 nm,
15.2 nm and 14.5 nm, respectively, and the data shows the participation of the chemical
component of the plant material in the synthesis as capping and/or stabilizing agent. In the
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course of crystallite size from 16.4 nm to 14.5 nm, a limitation of crystal growth is observed at
higher concentrations of the plant extract than at lower ones in order to get small-sized NPs.
The XRD patterns of the synthesized NPs demonstrate the formation of well-crystalline ZnO
NPs, and the average crystallite size of the synthesized ZnO NPs was better than the previous
report [3].

3.4. Scanning electron microscopy (FE-SEM) and energy dispersive X-ray spectroscopy
(EDS).

As shown in Figure 2, the surface morphology and elemental composition of the as-
synthesized ZnO NPs were investigated by the FE-SEM-EDX analysis. The FE-SEM images
at different scales show the formation of aggregated ZnO NPs with surface porosity (Figure
2a-c). The 3D surface plot (Figure 2d) and the roughness intensity profile (Figure 2e) extracted
from Figure 2c showed the high surface porosity of ZnO. The brighter (reddish) and darker
(bluish) colors in Figure 2d showed the higher and lower grey values of the FE-SEM,
respectively. The average surface roughness (Ra) of ZnO NPs is 41.18. EDS spectra (Figure
2f) show the presence of zinc and oxygen atoms, which evidence the successful synthesis of
Zn0.

g

04

Distance (nm)
Figure 2. FE-SEM images of as-synthesized (a-c) ZnO NPs; (d) 3D surface plot; (e) roughness intensity profile;
(f) EDS analysis result of ZnO sample.

3.5. UV-vis spectroscopy analysis.

The optical property of seed-mediated ZnO NPs was examined by UV-Vis absorption
spectroscopy. The optical bandgap (Eg) of the ZnO NPs was calculated using the formula

E _ 1240

] (eV) from the absorption onset wavelength (Aegge), Which was 2.55 eV centered at

edge
485 nm (Figure 3) [42]. The optical bandgap of the seed-mediated synthesized ZnO was
narrowed to a bandgap (2.55 eV) compared to ZnO NPs synthesized via a sol-gel method, 3.10
eV [43]. This reduction in the optical bandgap, due to a decrease in particle size, is attributed
to nanoscale electronic confinement, the so-called quantum confinement or quantum size
effect. This, in turn, established the transition to lower energies and its low-dimensional
guantum-size effect due to electron and hole confinement in the semiconductor matrix.
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Figure 3. UV-vis spectra of ZnO NPs (1-44F, 3%).

3.6. Fourier transform infrared spectroscopy (FTIR) analysis.

Identification of the functional groups present in the aqueous okra seed extract and the
synthesized nanomaterial using FTIR analysis was done, and it showed the presence of mainly
—OH (3450 cmY) of phenolic and -OH (1640, 745 cm™) of absorbed water (Figure 4) in the
former. The FTIR spectra of ZnO NPs prepared using the okra seed extracts of 1% (a), 2% (b),
and 3% (c) (Figure 4) described a slight shift of absorption bands from that of the extract alone.
The vibration band shifted from 3450 to 3390 cm™, which was due to O-H stretching. The
FTIR characteristic peaks of the vibration observed at 555 cm™ were due to the presence of
Zn-O stretching vibration, which is in good agreement with the literature [37]. The newly
observed vibration bands at 1590 cm™ (C-C stretching), 1035 cm™ (C-O), and 910 cm™ (O-H)
indicated the interactions among the natural products and zinc acetate to form ZnO NPs (Figure
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g 33590 : ‘ : ;
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Figure 4. FTIR spectra of A.esculentus seeds extract (1-44C, black line) and seed-mediated ZnO NPs (1-44D,
1%, red), (1-44E, 2%, blue), and (1-44F, 3%, magenta).

3.7. Photocatalytic degradation study of MB dye.

3.7.1. Point of zero charge.

PZC is a pH-shift method used to determine the sign of the surface charge of metal
oxide nanoparticles in terms of ApH [41,44]. The PZC for ZnO NPs was found to be 7.4 (Figure
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5), and at pH less than 7.4, the photocatalytic surface becomes positive and attracts anions from
the solution. As the pH of the solution is greater than 7.4, the catalyst surface becomes negative
and attracts cations from the solution. Therefore, under such basic media, the cationic MB dye
from aqueous solution can strongly interact electrostatically with the anionic surface of ZnO
NPs photocatalyst. Subsequently, high photocatalytic degradation of MB dye was expected and
observed [3,45].

4
[ | ZnO NPs
N \.
24 \
o
c
@1 B Ponit of zero charge
g
s (7.4)
©o
]
-1 \
|
-2 T T . . r
2 4 6 8 10

Initial pH
Figure 5. The pH at the point of zero charge for the ZnO sample.

3.7.2. Effect of pH.

Figure 6 shows the effect of solution pH on the degradation efficiency of ZnO NPs. The
effect of pH on the degradation of MB dye with ZnO was investigated over a pH range of 2.0-
12. The experiment showed high degradation efficiency of ZnO NPs at pH 10 within 2 h of
irradiation, indicating that, as the pH is above the PZC, more negatively charged surfaces of
the NPs were available for greater degradation of the MB dye.

90 1
] _-—.\.
85 =M= % Degradation

~ [0}
a1 o
1 1

% Degradation
\‘
o

v

2 4 6 8 10 12
pH
Figure 6. The effect of pH on the degradation of MB dye using ZnO NPs.
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1

3.7.3. Effect of sunlight radiation.

The photocatalytic degradation potential was evaluated by monitoring the degradation
of MB dye (30 mL of 10 mg L) using ZnO NPs, with and without sunlight, over time. In this

https://nanobioletters.com/ 8 of 15


https://doi.org/10.33263/LIANBS144.251
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS144.251

study, a considerable amount of MB dye (94.7%) was degraded in the presence of sunlight
radiation, compared to the dark (46.0%) (Figure 7).

1004 % Degradation with sun light

30 - 94.69%

o]
o
1

% Degradation
N
o

204

% Degradation without sun light

0 30 6I0 90 150
Contact time/Min

Figure 7. Degradation of MB in direct sunlight and in the dark as a function of time at pH 10.

3.7.4. Effect of ZnO photocatalyst dose.

The effect of the amount of ZnO photocatalyst on the degradation of the MB dye was
investigated. The effect of ZnO NP dosage (30, 50, 70, 90, and 110 mg) on 30 mL of 10 mg L-
1 MB dye at pH 10 was studied. The results showed that increasing the nanoparticle dose
improved degradation efficiency at 90 min, likely due to increased availability of active sites,
as shown in Figure 8. Therefore, 70 mg of ZnO NPs was selected as the optimal photocatalyst
dose for the degradation of 10 mg L™ of MB dye.

95

90 4 =M= % Degradation

[00]
al
1

% Degradation
(0]
o

~
(6)]
1

70 L] T T T
20 40 60 80 100 120

ZnO NPs Dose(mg)
Figure 8. Effect of ZnO NPs dose on degradation of MB dye.

3.7.5. Effect of initial concentration of MB dye.

The effect of the initial concentration of the MB dye solution on the catalyst's
degradation efficiency was studied by varying the initial concentration from 2.5, 5, 10, 15, and
20 mg L* at an experimentally determined catalyst dose of 70 mg at pH 10 for 2 h. As shown
in Figure 9, the catalyst's degradation efficiency decreased from 98.9% to 69.6% as the initial
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MB concentration increased from 2.5 to 20 mg L. This is because the number of active sites
in the prepared nanoparticle is limited compared to the excess MB dye molecules, which
prevents sunlight from reaching the catalyst surface. Hence, the production of hydroxyl radicals
could be limited, resulting in decreased degradation efficiency of ZnO NPs toward the MB dye.

100
—

\. =M= % Degradation

90 +

e8]
o
1

% Degradation
\l
o
1
[ |

2]
o
1

[$)]
o
1

T T T T T T T T T T

2 4 6 8 10 12 14 16 18 20 22
Concentration of MB(mg/L)

Figure 9. Effect of MB dye concentration on its photocatalytic degradation.

3.7.6. Effect of contact time.

The effect of contact time on the degradation efficiency of ZnO NPs (70 mg) on MB
dye (30 mL of 10 mg L) was studied at different contact times (0, 30, 60, 90, and 120 min)
and at pH 10 (Figure 10). The experiment showed that degradation efficiency increased until
the contact time reached 90 min, then remained constant. Therefore, the optimal exposure time
for the enhanced degradation of 10 mg L-1 MB dye using 70 mg ZnO was 90 min, yielding
94.7% degradation.

o5 —M=— % Degradation g - -
u
90 - 41 Omin
c 21
2
T 85
g = ’ 120min
] 80 A
XX 120
75 4
[ |
4 =aw BT =g
70 T

-20 0 20 40 60 80 100 120 140 160
Time(min)

Figure 10. Effect of contact time on the degradation of MB dye by ZnO (70 mg) at pH 10, and the top inset
shows the UV-vis spectrophotometer data of the MB degradation at different times.

The degradation efficiency of the catalyst, calculated from the absorbance of MB
solutions after using the same ZnO NPs under similar test parameters in three photocatalytic
degradation experiments, was 92.5%, 92.1%, and 91.3%, respectively. The complete
disappearance of blue-like color to colorless provides conclusive proof of the catalyst’s
effectiveness (inset image, Figure 10). The top inset (Figure 10) shows the UV-Vis absorption
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spectra (400-800 nm) of MB degradation at different contact/irradiation times. The average
degradation efficiency of the catalyst (91.9%) demonstrated the photocatalytic recyclability of
the synthesized ZnO NPs, with three cycles of oxidation of the MB dye.

3.8. Kinetic study of degradation of MB using ZnO NPs as a photocatalyst.

In this study, the synthesized ZnO NPs were used as a catalyst to degrade MB dye under
direct sunlight. MB dye could not undergo degradation in direct sunlight radiation in the
absence of a catalyst. Photocatalytic degradation of the dye over the surface of ZnO NPs was
facilitated by the hydroxyl free radicals ("OH) generated from water. The free radical initiates
the oxidation of organic pollutant molecules (RH, MB) to CO> and H2O through the removal
of protons to produce highly reactive organic radicals (R¢) for further oxidation reactions. The
schematic illustration of *OH generation for degradation of MB was reported elsewhere [3].

RH (MB) + - OH/02 - - R - + H20 — Further oxidizing

Since the water concentration is very high and did not change much during the
photodegradation reaction, the reaction follows a pseudo-first-order kinetic model [46-48].
Thus, the rate equation expressed as equation 3 is rewritten as equation 4, as the rate of
degradation is assumed to be independent of [*OH] [3,47,48], where the rate of disappearance
of MB can be expressed using equations 5 and 6.

r =k[MBJOH ] 3)
r =k[MB] (4)
_—A[MB] _
Mve = At - k[MB] (5)
~d[mB]
. k[MB] (6)
In[MB]t = —kt+In[MB]o )

Where: rug is the rate of disappearance of MB dye, [MB] is the concentration of MB,
k is the rate constant (min), and t is the contact time (min).

It is observed that the rate of photocatalytic degradation of MB increases over time. The
plot of InCo/C: vs t (equation 7) results in a straight line whose slope (k1= 0.05, R2 = 0.996) is
characteristic of pseudo-first order kinetics (Figure 11).

3.0+

2.5+

2.0+

1.5+

o "t

In(C /C)

1.0+

0.5 1

0.0 1

0 20 40 60 80 100 120
Time(min)
Figure 11. Graph of InCo/C; of ZnO NPs vs time.
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As the crystallite size of the ZnO NPs decreases, the nanostructure's available surface
area increases; consequently, its catalytic activity increases. This study demonstrates a pseudo-
first-order kinetic model for the photodegradation of MB-dyed contaminated water using
nontoxic ZnO NPs synthesized from A. esculentus under sunlight irradiation. A promising
degradation efficiency (94.7% for 10 mg L-1 of MB dye) was observed for ZnO nanostructures
as a photocatalyst at a dose of 70 mg, pH 10, and 90 min of irradiation.

4. Conclusion

A. esculentus seed aqueous extract supported the synthesis of highly crystalline ZnO
NPs using Zn (CH3CO3)2 2H20 as precursor was effectively accomplished under an eco-
friendly approach, and the NPs were characterized by XRD, SEM-EDS, FTIR, and UV-Vis
techniques. The XRD pattern of ZnO shows a hexagonal wurzite structure with an average
crystallite size of 14.5 nm. The SEM analysis showed that the average surface roughness and
aggregated morphologies of ZnO NPs were 41.18, whereas the EDS spectra showed the
presence of zinc (75%) and oxygen (15%). The higher photocatalytic efficiency (94.7 %) of
the nanostructure was obtained under optimized working conditions, such as initial MB
concentration (10 mg L), pH (10), catalyst dose (70 mg), and contact time (90 min), which
obeyed the pseudo-first-order kinetic model. The possible mechanism of the photocatalytic
degradation of MB was its oxidation by *OH/O2e- generated in situ during the reaction.
Therefore, the as-synthesized ZnO NPs were found to be an efficient and eco-friendly
photocatalyst for the treatment of MB dye from aqueous solutions and/ or wastewater.
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