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Abstract

Creating a sustainable and effective approach to handling organic contaminants from industrial waste is an ongoing
problem. In the present study, ZnO nanoparticles (ZnO NPs) were synthesized under a controlled ultrasound cavitation
technique using the extract of Passiflora foetida fruit peels, which act as a reducing (i.e., reduction of metal salt) and
stabilizing agent. The formation of monodispersed and hexagonal morphology (average size approximately 58 nm with
BET surface area 30.83m?/g). The synthesized ZnO NPs were characterized by a various technique such as UV-visible
spectroscopy, X-ray diffraction (XRD), Fourier-transform infrared (FTIR), Scanning electron microscopy (SEM), energy-
dispersive X-ray spectroscopy (EDX), Transmission electron microscopy (TEM), Thermogravimetric analysis (TGA) and
Dynamic light scattering (DLS). Further, the XRD pattern confirmed the hexagonal wurtzite structure of synthesized
ZnONPs. The ZnO NPs exhibit excellent degradation efficiency towards organic pollutant dyes, i.e., Methylene blue (MB)
(93.25% removal) and Rhodamine B (91.06% removal) in 70 min, under natural sunlight with apparent rate constant
0.0337 min~" (R?=0.9749) and 0.0347 min~' (R?=0.9026) respectively.Zeta potential study shows the presence of a nega-
tive charge on the surface of ZnO NPs. The use of green synthesized ZnO NPs is a good choice for wastewater treatment,
given their high reusability and photocatalytic efficiency, along with adaptability to green synthesis.
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1 Introduction

Urbanization and rapid industrialization have proven to
be a blessing to human society as well as a bane. A severe
adverse impact on the water resources and the disposal
of a large quantity of toxic waste in water systems is
now a challenging wastewater management [1-4]. In
consumer goods, including paints, printing inks, paper,
pulp, and plastics, various dyes have been used for many
years. Some organic dyes are widely used and released in
water, such as in textiles and other industries [5-9]. Toxic
chemicals such as insecticides and organic dyes may be
contained in industrial wastewater. Colored organic dye

influences aquatic bodies because it inhibits sun rays and
reduces the concentration of dissolved oxygen. This causes
essential health and environmental issues in the marine
environment. To accomplish a toxic-free green environ-
ment and promote the survival of living things, removing
these industrial dye pollutants from wastewater gained
massive attention among researchers. Several methods,
such as adsorption, biological treatment, and heterogene-
ous photocatalysts, have been used for dye removal from
wastewater [10, 11].

Nanoparticles tend to absorb the dye effectively
because of their high surface-to-volume ratio, and the
selected compound can be altered to improve their
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chemical affinity again [12, 13]. The multi-nanostructure
photocatalyst ZnO [14, 15], Fe,0O; [16] TiO2 [17], WO3
[18] etc. has been an excellent material for the removal of
organic micropollutants by water photodegradation, using
various methods to resolve these problems.

One of the most efficient strategies is semiconductor-
based photocatalyst. The primary subject of research is
the photocatalyst process and, therefore, the production
of such material. Much research effort has been directed
towards the development of effective photocatalysts
[19-21]. Photodegradation of organic dyes using semi-
conducting metal oxide nanoparticles is an efficient
method for removing these dyes from the effluent. Even
though TiO, has been mainly used for eco-friendly use as
a metal oxide photocatalyst, ZnO has been suggested as
a low-cost photocatalyst for the degradation of organic
molecules in an aqueous solution [22-24]. All the previous
studies are shown in Table 1.

ZnO semiconductor with direct bandgap (E;=3.37Ev)
is a highly explored n-type semiconductor owing to their
high electron-hole binding energy (60 meV) [25], high
thermo-mechanical stability, and useful piezoelectric and
optoelectric devices. The use of ZnO nanomaterials in
photocatalysis has gained a lot of interest compared to
commonly used TiO2 nanomaterials due to their excep-
tional catalytic activity and quantum performance [26-29].
However, ZnO NPs can be synthesized by physicochemi-
cal methods efficiently. These production methods are
expensive and produce harmful chemical products dur-
ing synthesis.

Table 1 Previous work done in the literature

As an additional requirement to ZnO NPs, green synthe-
sis of nanoparticles can be an environmentally friendly and
fast approach to treating wastewater effluent from textile
industries. To prepare ZnO NPs, comprehensive methods
of synthetic routes are recorded. However, the researchers
gained considerable attention from the green chemical
method, and this method prohibits the use of organic sol-
vents and surfactants. Interestingly, the synthesis of ZnO
NPs mediated by plant extract exhibits specified crystal
structure and successful dye degradation [30, 31]. Green
technologies for the preparation of ZnO NPs will be an
alternative that is superior to current methods. For exam-
ple, due to their benignity and flexible versatility in chemi-
cal structure, the phytoconstituent in a plant extract may
simultaneously serve as stabilizing agent/reducing agents
when preparing nanomaterials. Here, we used a greener
method to synthesize ZnO nanoparticles using Passiflora
foetida, commonly referred to as the extract of passion
fruit plants, as a potential bio-nanocatalyst. It's an exotic,
fast-growing perennial tree. The Passiflora genus belongs
to the Passifloraceae family, which includes passion fruit
[32]. They are rich sources of bioactive compounds and
thus serve as an essential raw material for the manufac-
ture of drugs and have become a priority for the hunt for
new drugs. Plants are essential, remarkable, and common
sources for curing various diseases in the form of medi-
cines. Plant leaves are used as a folk medicine for stress,
anti-anxiety, and insomnia therapy. Its properties include
sedative, antiproliferative, antibacterial, anti-anxiety, anti-
spasmodic, leishmanicidal, emetic, wound dressing, and
the anti-ulcer plant [33-35]. Alkaloids, phenols, glycosides,

S.no Catalyst Catalyst mass Dye Light and intensity Irradiation Degradation Ref.
time (min) efficiency (%)

1 NCQDs/TiO, 1000 mg/mL MB LED panel (42 W) 420 86.9 [62]

2 TiO2/C-dots 1000 mg/mL MB Tugstan halogen lamp 240 89 [63]

3 CQD/a-Fe20 500 mg/mL MB Halogen spotlight (400 W) 20 87.7 [64]

4 Zn0O/CQDs 750 mg/mL RhB Visible fiber lamp (0.5 W cm™?) 105 94 [65]

5 C-dots/WO3 300 mg/mL RhB Xe lamp (300 W) 120 94.4 [66]

6 Zn0O 1cm2/10 mL MB 8 W mercury lamp 120 45 [67]

7 Zn0O 1cm2/10 mL RhB 8 W mercury lamp 120 34 [67]

8 2% Fe-ZnO 10mg MB 150 W mercury lamp 180 92 [68]

9 Cu20/ZnWO0O, 100 mg MB 300 W Xe lamp 90 90 [69]

10 RGO-Bi203 10 mg MB 500 W tungsten lamp 240 98 [70]

11 Zn0O 0.01 g/50 ml RhB Solar 360 100 [71]

12 TiO2 40 mg/40 ml RhB Visible lamp 300 62.2 [72]

13 ZnTiO3 0.03g/30 ml RhB Solar 180 49.5 [73]

14 ZnTiO3@S 0.03g/30 ml RhB Solar 180 94.74 [73]

15 ZnO NPs 1 mg/ml MB Sunlight 70 93.25 Present work
16 ZnO NPs 1 mg/ml RhB Sunlight 70 91.06 Present work
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passifloricins, flavonoids, cyanogenic compounds, poly-
peptides, and alpha pyrones are the constituents of P.
foetida. P. foetida was used for the synthesis of various
nanoparticles such as Ag [36], Cu [37], and Iron oxide [38],
etc.

In this study, we prepared ZnO NPs using the ultra-
sound-assisted green synthesis method. Further, its
photocatalytic activity was studied using MB and RhB
dye under solar light irradiation. The high molecular
masses and low diffusion rates make them challenging
to degrade, the industrial dye MB and RhB were selected
of these photocatalytic degradation study dyes. This is
the first research to the best of our knowledge towards
an ultrasonic approach to the synthesis of monodisperse
ZnO NPs using Stinking passion fruit peels extract and
its application for the degradation of MB Rhodamine B
dye in solar irradiation. In addition to outstanding dye
degradation performance, the as-synthesized ZnO NPs
are known for easy recovery and reusability. This study
demonstrates that ultrasound-assisted synthesis of ZnO
NPs effective for dye degradation without artificial light
sources. This study provides a new perspective into the
green and cost-effective photocatalyst sector to relieve
the harmful dyes high degradation efficiency from indus-
trially contaminated water without harming or generat-
ing another environmental hazard.

1.1 Experimental work
1.1.1 Materials

MB (Methylene Blue;C,4H,4CIN;S-82%) and Rh-B (Rhoda-
mine B; C,gH5,CIN,05-80%) were procured Sigma Aldrich,
India. Zn(NO;),-6H,0(99%) and NaOH(98.5%) were obtain
beginnings. d. fine chemicals (Mumbai, India). The chromic
acid was used to clean all mandatory glassware and with
deionized water. Fresh fruit was collected from Mumbai
Universitygarden, Kalina Campus, Mumbai.

1.1.2 Preparation of Passiflora foetida fruit peels extract

The contaminants from the ripened Passiflora foetida fruits
surface were removed by washing with tap water and dis-
tilled water and dried under ambient conditions. The dried
Peels were grounded into a fine powder. Further, peels
powder (25 g) was added into 200 mL water in a 250 mL
beaker and subjected stirred for 30 min at 70 °C. The color
of distilled water turns to pale yellow. The obtained solu-
tion passed through Whatman filter paper number 42 and
centrifuge at 7000 rpm and synthesized nanomaterials.

1.1.3 Synthesis of ZnO nanoparticles using Ultrasound
cavitation technique

In Zn(NO;),-6H,0 (100 mM) solution, 125 mL of peels
extract was added under controlled ultrasound at 80%
frequency with on and off time 4/2 s and sonicated next
30 min. After the complete mixing of salt solution and peel
extract, the addition of 100 mL NaOH (200 mM) was done
dropwise after the addition solution was kept under ultra-
sonic probe sonicator (SJIA-250W, 220V, 20 k Hz, 4-s loud
screeching noise) for the next 90 min. The solution color
turns from pale yellow to whitish-yellow during the reac-
tion, indicating salt reduction into Zn(OH),. The obtained
precipitate was centrifuged at 7000 rpm for 10 min. Then
precipitated wasre dispersed in deionized ethanol/water
and centrifuged (7000 rpm, 10 min). To get a high purity of
ZnO NPs, the precipitate was repeatedly centrifuged and
better-eliminated impurities. Finally, the residue was calci-
nated at 400 °C for one h. Figure 1 shows the path followed
for the synthesis of ZnO.

1.1.4 Characterization

Centrifugation was carried out at 7000 rpm using a Remi
R24 machine. Shimadzu UV 2450 was used for UV-vis
study, pro-SHIMADZU RF 5300PL spectrophotometer was
used to record the Photoluminescence (PL) spectrum at
room temperature quartz cuvette of 1 cm path. Zetasizer
Nano ZS90 was used for particle size distribution and
Zeta potential measurements by Dynamic light scattering
(DLS) measurements, with a red laser (633 nm) and an ava-
lanche photodiode detector (quantum efficiency >50%,
Malvern Instruments Ltd., UK). SHIMADZU 7000S was
determined X-ray powder diffraction (XRD) within com-
mission voltage 40 kV, current 30 mA, scan speed 10 min~,
monochromaticCuKa radiation (\=1.5406 A) in the 26
range of 25-80 °C. The average nanocrystalline size is cal-
culated by the Debye-Scherrer Eq. (1).

Average crystalline size = (0.9 X 1)/(d cosf) (1

where A=1.54060 A (for CuKa1), d is the full width at half
maximum intensity of the peak (in Rad) and 6=26/2. To
decipher the vibrational in a sequence of functional moi-
eties present in peels and ZnO, PERKIN ELMER FRONTIER
91,579 was used for Fourier-transform infrared (FT-IR) in
the sequence 4000-400 cm™' at a decision of 4 cm™'. JEOL
JSM-7600F determine FEG-SEM with group EDX from IIT,
Mumbai.

Further, morphology study and particle size were ana-
lyzed using FESEM (Hitachi S-4800, Japan). Elemental
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Fig. 1 Schematic representation ofthe synthesis of ZnO NPs

analysis was done using Energy-dispersive atomic X-ray
analysis (EDAX). Transmission electron microscopy (TEM)
(A JEOL JEM 2100) instrument was used for particle size
measurement. Thermogravimetric analysis was done from
30to 1000 °C at a heating rate of 5 °C/min under a nitrogen
atmosphere using the STAR system METTLER TOLEDO.

Further, the surface area of nanoparticles was measure
by Brunauer-Emmett-Teller (BET), and Barret-Joyner-
Halendra (BJH) analysis was done for pore size distribu-
tion studies using N, adsorption—-desorption isotherm
(AutosorbiQ station2).

1.1.5 Photocatalytic activity

Using nanoparticles as a catalyst (1 mg/mL) into a 100 mL
solution of methylene blue (10 ppm) and Rhodamine-B
dye molecule (10 ppm), photocatalytic degradation of
MB and Rh-B was performed under sunlight. Synthesized
catalysts that were subjected to direct sunlight, the degra-
dation behavior were investigated under solar light irradia-
tion. At 36-40 °C, the whole experiment was conducted.
1 mL of suspension was collected and centrifuged after
a corresponding time interval (10 min), and its absorp-
tion was measured using UV-Vis spectroscopy within the
200-800 nm wavelength range. The photocatalyst effi-
ciency in organic dye degradation was measured using
the following Eq. (2)
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where C, is the initial absorbance and C, is the absorbance

of the Rh-B and MB dye after reaction time (t) in min.
With the help of pseudo-first-order kinetic models from

Eq. (3), itis possible to determine the quantitative kinetics

of the increased photocatalytic motion and degradation

in MB and Rh-B concerning time.

InC, = K,app —-t+1InC, 3)

Kiapp is @apparent rate steady for the pseudo-first-order
kinetic model, C, is initial absorbance, and C, is the absorb-
ance attime t.

1.1.6 Chemical oxygen demand (COD)

The reported standard procedure carried COD measure-
ment; the organic contaminants in the MB and Rh-B dye
samples were analyzed by potassium dichromate titration
[7, 39]. The dye sample was refluxed in the presence of
HgSO, and Ag,SO, in H,SO, medium, and it was further
refluxed with a known volume of standard potassium
dichromate solution. The solution was titrated against
standard ferrous ammonium sulfate (FAS) to estimate the
amount of potassium dichromate, using the ferroin indica-
tor. A blank experiment was also performed with distilled
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water instead of the dye sample. The following formula
was used for the COD calculation:

COD =(Blank titer value — Dye sample titer value)
X Normality of FAS x 8 x 1000).

the volume of the sample taken.

2 Results and discussion
2.1 Optical properties

The conversion of Zn(NO,), to ZnO was confirmed by the
UV-vis spectra shown in Fig. 2. During ZnO synthesis, the
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maximum wavelength of 300 nm of Zn(NO;), shifts from
340 to 370 nm. The yellowish color of stinking passion fruit
peels extracts ends with whitish color shows the complete
formation of Zn(OH),. The instant white-yellowish color
appearance in peels extract shows reaction go towards
the formation of ZnO NPs. This is due to restricted Surface
Plasmon Resonance (SPR) due to the combined oscillation
of free transference electrons [26].

Figure 2 shows that the SPR fascination of ZnO NPs gave
at Amax =524 nm with the absorbance of 0.809 a.u.

Figure 3 shows UV-Visible spectroscopy study of ZnO
NPs carried out using diffuse reflectance spectroscopy
(DRS) mode. Strong absorption was observed at a wave-
length ranging from 200 to 380 nm. ZnO is a direct band-
gap semiconductor with a bandgap of 3.37 eV.Thus, tauc’s
equation is used to calculate the bandgap [40].

(ahv) = A(hv — Eg)"

here, nis 1/2 for direct transition semiconductor A is con-
stant, and a is adsorption coefficient. The absorption plot
was converted to tauc’s plot [(ahv)? vs. hu] using absorp-
tion onset. The UV-vis spectrum of ZnO nanoparticles
shows the 357 nm could be attributed to electron transfer
from the valence band to the conductive band, related
to ZnO intrinsic bandgap absorption (O2p-zn3d) [41]. The
bandgap for the ZnO nanoparticles was found to be a
3.16 eV bandgap.

Figure 4 shows photoluminescent (PL) spectrum is
related to the recombination of photoinduced electrons
and holes, free excitons, and self-induced excitons. This

" 300 400 500 600 700 PL emission spectrum is most important in investigating
Wavelength(nm) the efficacy of charge carrier trapping and its transport
mechanism [42-44]. The biogenic photo luminescent
Fig.2 UV-vis absorption spectra of ZnO NPs view shown in Fig. 4'at.temperature PL of s'yn'.che5|z'ed
ZnO NPs shows an emission peak at 524 nm with intensity
0.6
ZnO NP oy
0.5+ (a) e (b) Zn0O NPs
g 0.4 I :u J
P =
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&
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Fig.3 a DRS spectra of ZnONPs b Tauc’s plot
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Fig. 4 Photoluminescence spectra of ZnO NPs at room temperature

198.028a.u. was sensibly using bandgap excitation
(368 nm). The PL emission rate is directly proportional
to the photo-excited load carriers recombination prob-
ability. Higher PL Strength points to advanced e™/h* pair
recombination and guides to the lower photocatalytic
activity [45, 46]. In comparison, lower PL intensity indi-
cates lower e /h* pair recombination, illuminating high
photoinduced charge carrier partition competence and
higher photocatalytic operation [47, 48].Lesser recombi-
nation rate and higher photocatalytic activity due to the
low intensity of ZnO NPs indicate a less extrinsic flaw in
the crystalline arrangement.

3 Structural properties

Figure 5 shows the XRD spectra of stinking passion fruit
peel powder, which showed a hump, which indicates the
amorphous nature of stinking passion fruit powder. Fur-
ther, XRD spectra of ZnO nanoparticles shows the diffrac-
tion peak at 20=31.74, 34.38, 36.18, 47.50, 56.72, 62.86
and 67.98° correspond to (100), (101), (102), (110), (103)
and (112) lattice planes respectively ZnONPs (JCPDS card:
79-2205) embedded.The average crystalline size was spec-
ified using well known Scherrer formula [49, 50]. The aver-
age crystalline size was found to be obtained 23.8 nm from
the XRD pattern. The peaks in Fig. 5b are characteristic of
the ZnO polycrystalline wurtzite structure of the hexago-
nal crystal system. The existence of ZnO is confirmed by
X-ray diffraction peaks, FTIR, and UV-Vis spectra. Further,
FEG-SEM, TEM, and EDX will support the results.

4 FTIR analysis
The FTIR spectrum clears the potential organic support

complex to help stabilize and cap Zinc oxide nanopar-
ticles. Stinking passion fruit peels take out derived ZnO,
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Fourier transform infrared (FTIR) spectra of the samples
were evidence in the series of 400-4000 cm™'. The FTIR
spectra of Stinking passion fruit peels extract Fig. 6a
shows the peak at 3486, 3209, 2980 cm™! associated
with the intermolecular hydrogen-bonded -OH group
phenol. The peak at 3486 cm™ of Stinking passion fruit
peels removes completely after ZnO formation. Fur-
thermore, C=0 amide band stretching at 1650 cm™",
which participated in stabilization by developing
amide group protein encapsulation and protected next
to aggregation. The OH stretching band at 1051 cm™
bending vibrations attributed to water molecules pre-
sent in the catalyst. Further, Fig. 6b demonstrate the
FTIR spectrum of ZnO NPs. For this sample, the band
at 460, 1648, and 3417 cm™'is attributed to Zn-0, O-H
bending and stretching vibration of O-H groups [51].
The peak below 500 cm™" indicates formation, which is
mainly expected due to flavonoid (polyphenol) com-
pounds and stabilized by protein molecule. Further, a
peak of 529 cm™'appeared due to S-S disulfide protein
bonding, as shown in Table 2. Peak associated with OH
is absent in the FTIR spectra of ZnO nanoparticles due
to nanoparticle calcination. The observed peak at 1645
and 1323 cm™'attributed to asymmetric and symmetric
stretching carboxylate.

Stinking passion fruit peels powder
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Fig. 5 XRD spectra of Stinking passion fruit peels powder and ZnO
NPs
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Table 2 FTIR of Stinking

Sample
passion fruit peel and ZnO P

Characteristic wavenumbers (cm™") with a functional group

nanoparticles Stinking passion fruit

peels

3486 cm™' (N-H), 3209 cm~" ((nO-H), 2980 cm™" (nC-H assymetric), 1650 cm™
(nC=0amide), 1416 cm™ (nC=C), 1157 cm™' (C-0-C), 1051 cm™' (nO-H

bending vibrations), 805-730 cm™'( C=C tri substituted alkene), 529 cm™
(nS-S cysteine protein)

ZnO

1645 cm™, 1323 cm™' (asymmetric and symmetric of stretching carbonxylate)
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Fig. 7 Thermogravimetric analysis of ZnO

5 TGA study

ZnO NPs derived from stinking passion fruit peels 0.56%,
3.19%, and 5.88% were originate to be thermally stable.
As indicated in Fig. 7, ZnO showed decomposition after
133 °C, while after 400 °C indicating improved ther-
mal constancy. First step weight thrashing 3.19% of the

Table 3 Thermogravimetric analysis of Stinking passion fruit peels
extract and derived ZnO NPs

Sample StartT EndT Weight loss%  Residual @T

Zn0O 100 °C 133.8°C 0.56 99.36%@133.8 °C
133.8°C  412°C 3.19 96.67%@412 °C
412°C 1000°C  5.88 94.11%@1000 °C

subsequent step weight loss 5.88% was experiential due
to taking away organic and inorganic moieties from ZnO
NPs (Table 3).

6 Measurements of zeta potential, DLS,
and BET study

Figure 8 shows the Zeta potential of ZnO NPs. Further, the
average particle size was calculate using DLS. The three
measurements were conducted at 25 °C for repeatabil-
ity. The DLS results are expressed by plotting total counts
against apparent zeta potential. When ZnO NPs dispersed in
water move from side to side in a liquid medium, frequently
a thin, electric dipole coating adheres to its plane, i.e.,
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Fig. 8 Zeta potential analysis of zinc oxide NPs

Table 4 Zeta potential and dynamic light scattering measurements

T°C Z-Avg( Polydisper- Zeta Mobility ~ Conduct-
nm) sityindex  potential (umcm/  ance (mS/
(PDI) (mv) Vs) cm)
25 522 0.292 -234 -1.832 0.0197
25 534 0.231 —-23.1 -1.802 0.0198
25 526 0.245 -22.5 -1.763 0.0198
Mean 527.33 0.256 -23.3 -1.799 0.01976

hydrodynamic particle diameter size was 360 nm (Table 4).
The zeta potential of ZnO NPs shows stability in the aque-
ous solution. A zeta potential value of —23.3 mV (Fig. 8) indi-
cates that the dispersed ZnO NPs were capped by negatively
charged groups proving that they are stable. Moreover, in
Fig. 8, the curves nature indicates ZnO distribution in water
was uniform and homogeneous. The ionic mobility and con-
ductance of hydrodynamic ZnO NPs were -1.799 umcm/Vs.,
and 0.01976 mS/cm shows good stability in a liquid medium.

Besides, a BET analysis was used to investigate the sur-
face structure of synthesized ZnO NPs (Fig. 9). The BET spe-
cific surface area was determined by performing nitrogen
adsorption-desorption measurements at 77 K, and the
BJH method was used to assess the distribution of nano-
particles pore size. The result for BET in Fig. 9 suggests that
ZnO has a porous structure, as shown by the isotherm of
N2 adsorption and desorption. Besides that, based on the
IUPAC classification, the observed hysteresis loop is related
to type H4. For ZnO NPs, the surface area was 30.83 mz/g,
and the distribution of pore volume and pore diameter
was eased by the BJH method.
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Fig. 9 BET of ZnO NPs

7 FESEM study

Figure 10 shows the FEG-SEM of ZnO NPs shows hexago-
nal morphology with a size of approximately 58 nm. EDX
pattern of ZnO NPs shown in Fig. 10 give the existence
of Zn and O elements. Copper (Cu) and Carbon (C) were
appeared due to the outside layer during sample prepara-
tion. The EDX pattern indicates elevated cleanliness of as-
synthesized ZnO NPs. FEG-SEM image of ZnO NPs showed
virtually spherical morphology with standard particles
of ~58 nm size (Fig. 10a and b). A difference in morphology
depends on reactants attention, dipolar, intrinsic crystal
concentration, taster processing, hydrophobic magnetism,
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Fig. 10 FEG-SEM and EDAX of ZnO NPs

Vander Waal forces, and electrostatic fields. Moreover,
kinetic and energetic aspects of synthesis also influence
morphology [52, 53].

8 TEM study

Figure 11a-b shows the TEM images of synthesized ZnO
nanoparticles; The TEM picture with SEAD pattern has con-
centric circles dotted with bright spots. This shows the very
crystalline existence of these NPs. and these concentric
rings can be recognized to the diffraction from the {100},
{101}, {102}, {110}, {103} and {112} plane of the structure
polycrystalline wurtzite structure of hexagonal crystal
system.To get a cavernous approaching into morphology
and exact microstructure inquiry, ZnO NPs were confirmed
through TEM techniques. Interactions and embedding of

ZnO NPs are visible. The ZnO nanoparticles polycrystal-
line nature was promoted by the chosen region electron
diffraction (SAED) blueprint under different magnifica-
tion (Fig. 11c-d). Besides, TEM images (Fig. 11a-b) of ZnO
were given to further proving the Hexagonal morphology,
which in agreement with XRD results.

9 Catalytic performance

The synthesized ZnO NPs show the potential application
in the degradation of methylene blue (MB) and rhodamine
B (Rh-B) dyes. The photocatalytic activity of ZnO nanopar-
ticles was investigated by analyzing MB and Rh-B dyes
degradation behavior as a function of irradiation solar
irradiation. The photocatalytic degradation of MB and
Rh-B using ZnO nanoparticles was studied (Fig. 12e—f).
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(b)

Fig. 11 TEM images of ZnO(a and b) and the corresponding SAED pattern (c and d)

The absorption of each dye for ZnO nanoparticles was
recorded at every interval of 10 min using the UV-Vis spec-
troscopic technique upon exposure to light. Figure 12 a-b
shows that blank experimental studies show that both the
dyes do not degrade significantly without photocatalyst.
The findings show that after 70 min of light irradiation, the
blank dye degraded to 9.17% (MB) and 8.89% (RhB), which
shows that the dye shows stability and does not undergo
rapid degradation when exposed to light. Therefore, for
effective dye degradation, a photocatalyst is required.
Besides, the effect of the photocatalyst on dye degrada-
tion was studied under dark conditions [51, 54]. Figure 12c,
d shows dye degradation under dark conditions. Following
the addition of the photocatalyst, the dye solution was
processed for 70 min under dark conditions. The photo-
catalyst surface has been shown to absorb approximately
25% MB and 19% Rh-B dye. Effective degradation due to
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the photocatalytic effect of ZnO NPs has been observed
after sunlight exposure.

The A, for MB and Rh-B was found to be 663 nm
and 554 nm, respectively. The presence of ZnO nano-
particle absorption maxima for MB decreased gradually
and disappeared completely after 70 min and showed
93.25% MB dye degradation. Similarly, the degrada-
tion pattern observed for the Rh-B at 70 min using ZnO
nanoparticles shows 91.06% degradation, as shown in
Fig. 12e, f. Changes in peak absorption intensity indi-
cate a change in MB and Rh-B chromophoric structure
due to the ZnO nanoparticles effective photocatalytic
activity. The photocatalytic efficiency was calculated
using the following.

C

Degradation(%) = 1 — —
Go
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Fig. 13 Degradation kinetics of MB and Rh-B

10 % degradation and kinetic treatment

Experimentally acquire standards from the pseudo-
first-order equation were fitted in the kinetic rate equa-
tion of C/C, versus time (min) and InC/C, versus T (min)

shown in Fig. 13a-b. The linearity in degradation pat-
tern indicated that photodegradation of Rh-B and MB
followed pseudo-first-order. The pseudo primary order,
the apparent rate constants (K;,,,) of ZnO for Rh-Band
MB were established to be 0.0347 min~' (R*=0.9026)
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and 0.0337 min~' (R?=0.9749) in that order. High values
of rate stability indicate dye degradation successfully
processed by ZnO NPs. The high photocatalytic activ-
ity of ZnO is due to the high surface area, which leads
to maximum surface charge interaction with dye mol-
ecules. The MB and Rh-B dye (cationic) bound with nega-
tive charge surface of photocatalyst [55, 56]. The neu-
tral pH of Rh-B (C,gH5;CIN,05=C,gH3;N,05* +CI7) and
MB (C,gH;gCIN3S=C,4H,gN3S* +CI7) both are positively
charged get targeted by negatively charged hydrodynamic
surface of ZnO NPs. Well-built adsorption of a substrate
on the ZnOcatalyst surface proceeds with a fast and high
degradation rate. Rh-B and MB have the same = N(CH3)22+
positively charged group. Their adsorption capacity over
the ZnO surface is dissimilar due to the difference in size
[57]. Due to ZnO lower PL intensity, sunlight shows pho-
tocatalytic activity (Fig. 13) and high separation of e /h*
pair. Due to free electrons, H,O and O, converted into free
active particles like O',", OH and HO,". These free particles
degrade dye into CO,, H,0, and other molecules.

| COOH

As a result, it was found that ZnOcould competently
accelerates photogenerated charge carriers and carry
out faster photodegradation kinetics from pseudo-
first-order revealed the apparent kinetic rates were
0.0347 min~'(R?=0.9026) and 0.0337 min~' (R?=0.9749)
through Rh-B and MB degradation.

11 Effect of active oxidizing species on dye
degradation and COD analysis

Depict the process of dye degradation mechanism by
ZnO nanostructure upon irradiation of sunlight. Exposure
of ZnO nanostructure to sunlight leads to an electron in
the conduction band and holes in the valence band (+OH)
upon interaction with water. Further, these free radicals
interact with the adsorbed organic dye molecules and
degrade or mineralize them into non-toxic products. The
effect of different oxidizing active species on MB and Rh-B
degradation over ZnO nanoparticles is shown in Fig. 15a.

&

Sun Light
; Illl e ™ R 0"
--:“'_h;_"x__‘* . .
+CO,+H,0 tifp— <9l A -
2 Valence Band - H’
|8 M +

Fig. 14 Schematic mechanism for degradation of dyes
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The photocatalytic degradation reaction is carried out by
introducing benzoquinone (BQ), isopropyl alcohol (IPA),
ammonium oxalate (AO), and cupric nitrate (CN) were used
as a quencher for photogenerated -O,~, «OH, h*and e™ [58,
59]. As shown in Fig. 14a, maximum photocatalytic degra-
dation (93.25%) of MB and (91.6%) Rh-B dye was achieved
without any scavenging intermediate.

The photocatalytic activity of prepared ZnO NPs was
found to be decreased in the presence of scavengers. The
addition of (Benzoquinone) BQ in the photocatalytic sys-
tem was found to result in a slight reduction in the effi-
ciency of ZnO NPs. Photocatalytic efficiency decreased by
only 3.5% and 2.1% for ZnO NPs, respectively, compared
to efficiencies without scavenger. This show the negligibil-
ity minor role of O, radicals towards the degradation of
both dye. Addition of isopropyl alcohol (IPA, resulted in
a 25.42 and 23.32% reduction in the photocatalytic effi-
ciency for ZnO NPs. The photocatalytic efficiency of ZnO
NPs decreased by 29.22% and 35% for MB and Rh-B dye
upon addition of ammonium oxalate (AO). This shows that
«OH and h* play a minor role in deciding the photocatalytic
activity of the prepared ZnO NPs. The addition of cupric
nitrate (CN) led to a significant reduction n the photocata-
lytic efficiency of ZnO NPs. The observed significant reduc-
tion of 58 and 54% in the photocatalytic efficiency of ZnO
NPs. The addition of CN clearly shows that photogenerated
e” playsa significant role in the photocatalytic degradation
of dyes. In other words, the relative dominance of ROS spe-
cies in the photocatalytic processes can be estimated as
e >h*>.0H>.0,".

Also, the chemical oxygen demand (COD) was meas-
ured in Fig. 15b. The mineralization of MB and Rh-B
dye solution was evaluated by COD examination. COD

100

()

B8 MB dye B Rh-B dye

=] o
(=] o
1 1

COD reduction (%)
8
L

20

was taken after each time interval after photocatalyst
loading. The dichromate titration determined a per-
cent reduction in COD. The highest percentage of COD
reduction was reported at 87.41 and 83.62% for MB and
Rh-B dyes. Due to the formation of certain intermedi-
ate (uncloured) mounts that can interfere in the degra-
dation process, complete dye mineralization does not
occur [60].

12 Reusability and photostability of ZnO
nanoparticles

Catalyst reusability indicates that a possible catalyst is
reusable many times, possessing about the same effi-
ciency percentage. Therefore, investigating the reusability
of synthesized catalysts is essential [61, 62]. The evaluation
of synthesized ZnO for MB and Rh-B dye photodegrada-
tion has been studied through five consecutive batch pro-
cesses. Figure 15a showed that degradation efficiency was
reduced from 93.25 to 86.63% for MB and 91.06 to 83.61
percent for Rh-B dyes, even after five cycles.

Also, FESEM was performed to check the morphol-
ogy of ZnO NPs after the fifth cycle. Figure 16b shows
that the FESEM outcome shows that ZnO NPs are slightly
agglomerated, but the dye material still shows above
82% degradation for both. Besides, ZnO crystalline
nature was analyzed in Fig. 16 using XRD analysis (c).
The peak location was observed to remain the same with
the decrease in peak intensity, which inferred that the
ZnO photocatalysts crystal structure is not altered, even
after several uses, the appreciable photostability of the
ZnO photocatalyst.
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Fig. 16 a Reusability of ZnO photocatalyst, b FESEM and ¢ XRD pattern of recovered ZnO

13 Conclusion

In the present study,ZnO NPs synthesis has been success-
fully synthesized using stinking passion Fruit peel extracts
under a controlled ultrasound cavitation technique.The
ZnO NPs were characterized in morphological, structural,
and optical properties by FESEM, TEM, TGA, XRD, FTIR,
and UV-DRS technique. The characterization of ZnO NPs
revealed the formation of the polycrystalline wurtzit-
estructure of ZnO NPs. The morphology of ZnO NPs was
found to be hexagonal and stone shape with a particle size
of approximately 58 nm. Moreover, TGA explored ultrahigh
thermal constancy of ZnO catalysts. ZnO is originated to be
more stable (up to 410 °C) with 96.67% residue.The photo-
catalytic activity of ZnO NPs was investigated against MB
and RhB dyes. The obtained result shows the 93.25% (MB)
0.0347 min" (R*=0.9026) and 91.06%(Rh-B)b0.0337 min™"’
(R*=0.9749)dye within 70 min time period and degrada-
tion of dyes follow the pseudo-first-order kinetics. Further,
ZnO NPs show excellent photocatalytic activity even after
the 5™ cycle and show good stability.This is because its
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high stability and prodigious photocatalytic potential cur-
rent study allude to green strategies-based photocatalyst
and its effective wastewater treatment implementation.
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