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ABSTRACT: The green synthesis of metal oxide nanoparticles using plant extracts can effectively replace traditional
chemical synthesis methods. In present paper, we describe the formation of zinc oxide (ZnO) nanoparticles (NPs)
using Pistacia vera soft peel extract. Synthesis of plant-based nanoparticles possesses numerous advantages compared
to the conventional physicochemical approaches with different applications in biology and medicine. In the present
study Pistacia vera peel extract was used to synthesize ZnO NPs. To investigate the optical and structural features of
ZnO nanoparticles synthesized by Pistacia vera peel extract, X-ray diffraction (XRD), Fourier transform infrared
(FTIR) spectroscopy, ultraviolet-visible spectrophotometer (UV-Vis), and scanning electron microscope (SEM) were
used. The off-yellow hue of the reaction mixture indicated that ZnO NPs were formed. The presence of Pistacia vera
peel extract-mediated ZnO NPs was revealed by UV-Visible peaks at 422 nm. In addition, an XRD pattern confirmed
the formation of spherical structure nanomaterials with an average size of 42 nm along with the XRD pattern matching
the JCPDS card. The Existence of bioactive functional groups effective in reducing the bulk of zinc sulfate to ZnO
NPs was further confirmed by FTIR. The SEM images revealed the spherical shape, and the size of nanoparticles,
which was within the range of 31.14 to 48 nm. To examine the antibacterial potential of ZnO NPs, a paper disc
diffusion technique was used against Gram-negative Escherichia coli and Gram-positive Staphylococcus aureus
clinical strains in terms of the inhibition zone. In addition, the radical scavenging assay was done by the DPPH test.
The green synthesized Pistacia peel extract-mediated ZnO NPs demonstrate striking antioxidative activity at 100 pg
mL. Using NaBH,, nanoscale zinc oxide can remove methylene blue in only 150 seconds. Furthermore, they remove

98% of methylene blue in 14 minutes under UV light.

INTRODUCTION

medical devices,

In nanotechnology, novel nanometer-scale materials are
created by using technology that is both emerging and
innovative. Compared to materials with undefined
particle sizes, nanomaterials have a striking surface area,
quantum size, volume, and macro tunneling properties
[1]. Nanoparticles possess significant optical-mechanical,
biological, and catalytic properties. These properties

provide extensive application potential for nanomaterials

[2. ZnO NPs are wused in
electrochemistry, cosmetics, and textiles [3]. The
synthesizing of ZnO NPs is generally done chemically or
physically, with several drawbacks such as low purity,
uneven particle size distribution, high energy usage,
massive amounts of secondary waste, and environmental
pollution [4, 5]. Researchers have been interested in

metal oxide nanoparticles, including ZnO, due to their
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unique chemical and optical properties, which can easily
be tuned by altering the morphology [6, 7]. ZnO NPs
have been utilized in different innovative applications
such as electronics, sensors, cosmetics, communication,
environmental protection, medicinal industry, and
biology [8-11]. As part of the branch of environmental
applications, one of these applications entails the
removal of organic dyes from aquatic environments that
are harmful to the environment. By exposing these
nanoparticles to a stimulating factor, such as NaBH,,
sunlight or UV radiation, these nanoparticles become
activated and remove the polluting color. It is their
photocatalytic property that allows these nanoparticles to
be activated under light condition [5-8]. As of today,
these nanoparticles have been tested against several
polluting dyes, including congo red [6], malachite green
[12], azo dyes [13], and methylene blue [14].

Enzymes, plant extracts, and microorganisms are
incorporated into the green synthesis procedure, which
leads to energy saving while toxic substances are no
longer used in the process [15]. It has several advantages,
including being environmentally friendly, inexpensive,
and non-toxic. It therefore, represents an exciting
alternative to traditional chemical and physical methods
[16, 17]. The plants and their extracts are easily sourced,
and the zinc salt solution is used only as a precursor to
the metal during the process. As a result of the reaction
between plant extracts and zinc salt solution, ZnO NPs
are synthesized. These valuable nanomaterials have
remarkable applications in biochemistry and biomedical
such as antimicrobial and antioxidant properties, drug
delivery, and sunscreen, while they are striking too in
industry applications, including coating, cosmetics,
photocatalysis, pesticides, agriculture, and organic dye
reduction [16-20]. As a

antimicrobial properties of ZnO NPs, they have various

result of the superior

applications in surgical tapes, calamine lotions, and
shampoos. These nanoparticles display a broad spectrum
of antibacterial effects at deficient concentrations [20].
There has been tremendous interest in using ZnO NPs for
biological applications, such as biological sensing,
biological labeling, gene and drug delivery, and
nanomedicine [22].

The pistachio tree is native to central Asia, mainly

Afghanistan and Iran. Pistachio, (Pistacia vera), a small
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tree of Anacardiaceae (the cashew family), and its edible
seeds, are grown in drylands in temperate or warm
climates. It is believed that the pistachio tree is
indigenous to lran. It is cultivated extensively from
Afghanistan to the Mediterranean region. The seed
kernels can be consumed roasted or fresh. They are used
commonly in various desserts such as Baklava, Halvah,
and ice cream, as well as for foods flavored pistachio
with green coloring. The seeds are enriched in protein,
vitamin B6, and dietary fiber [23].

As part of this study, we intend to perform a safe and
environmentally friendly synthesis in accordance with all
the principles of green chemistry. To achieve this goal,
we use a plant waste precursor, the pistachio soft peel, as
the principal source of synthesis. This study attempts to
produce a multipurpose nanoparticle and explores its
properties and applications using a variety of methods.
Using UV-Vis spectroscopy, FT-IR, XRD, SEM, and
EDX, the
nanoparticles will be investigated. Antibacterial and

physicochemical properties of these
antioxidant properties of these nanoparticles are studied
by disc diffusion and DPPH methods. In the third part of
this study, we will examine one of the most remarkable
applications in light of the second objective of this study,
which is the synthesis of safe nanocatalysts capable of
removing organic dyes from the aqueous environment at
a faster rate than other nanocatalysts. In order to assess
the dye degradation activity of these nanomaterials in the
removal of methylene blue, we use NaBH4 as a
reduction agent in the catalytic reaction and UV light as

an activator in the photocatalytic reaction.
MATERIALS AND METHODS
Pistacia vera skin extract preparation

Pistacia vera (p. vera) fresh peel was aggregated from
the Pistachio Garden around Qom city, the capital city of
Qom Province, Iran. Separated pistachio peels
thoroughly rinsed with tap water three times before
washing with deionized water, then dried away from
direct sunlight for three weeks under shade. Boiling the
P. vera peel in the deionized water at 70°C for 45
minutes, the P. vera peel extract was filtered to eliminate
the insoluble macromolecules and fractions. By using the

obtained extract, the capping and reducing agent were
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provided by phenols and polyphenols present in the
extract.

Green synthesis of ZnO NPs

Mixing 90 ml of aqueous zinc sulfate (ZnSO,.7 H,0O
Merck® 108883) solution (1.5 mM) with 10 ml of the P.
vera peel extract, treated with 10 ml 0.5 M sodium
hydroxide (Merck® 106498) was performed to set the
PH to 12 as optimum PH. The incubation of the reaction
mixture was performed while stirring constantly at 60 °C
in the dark. The zinc sulfate in deionized water presented
the ions initiating the reaction. The formation of ZnO
NPs was revealed by an off-yellow color after 1 h. By the
first separation of the nanoparticles via centrifuging, the
loosened material was eliminated for 15 min at 10000
rpm, which was washed three times in a row with ethanol
and deionized water. Once centrifuging, the mixture was
dehumidified at 90°c by oven. Figure 1 provides a brief
overview of this facile and economic approach of green

synthesis of ZnO NPs by P. vera soft peel extract.
Characterization of ZnO NPs

Nanoparticle characteristics can be detected using
methods such as microscopy and non-microscopy,
including ultraviolet visible spectroscopy, Electron

dispersive  X-ray spectroscopy, Fourier transform
infrared spectroscopy, Dynamic light scattering, and
Electron microscopy. The dried ZnO NPs biosynthesized
in this study have been analyzed using several

techniques, including UV-visible, FTIR, SEM, and XRD.
UV-Vis characterization

Utilizing ultraviolet-visible spectrophotometry, ZnO
NPs were characterized for their maximum absorbance.
UV-Vis spectral analysis was performed using a
Uv-

visible absorption spectrophotometer was used with a

Physicminiature UVS-2500 spectrophotometer.

resolution of 1 nm within 300-800 nm.

1 3
Pistacia vera peel 2
extract preparation Stir at 60°C
+
Zn(S0,) solution

add NaOH
(PH=12)

4 5
Centrifuge & washe with Dehumidify
DH,0 & C2H;OH at 90°

Figure 1. Short frame of facile synthesis of P. vera-mediated ZnO NPs

Fourier-transform infrared spectroscopy (FTIR)

The Thermo/Nicolet Avatar 360 FTIR Spectrometer
system was used to record the functional group of the
nanomaterials in the transmittance mode in the range of
400-4000 cm™. As infrared radiation bombards the
synthesized ZnO nanoparticles sample, some radiations
are attracted while others are not. Radiation emitted from
unabsorbed ZnO NPs leaves a specific fingerprint that
FTIR helps to
determine the efficiency of plant extracts as reducing
[25].

biomolecules in extracts including O-H, C=0, C=C, C-

indicates their characteristics [24].

agents Advantageous functional groups in
N, C-H, and N-H, appear in FTIR analysis, and they are

significant reducing agents for ZnO NPs synthesis [26].

XRD

The crystal structure of ZnO NPs was determined
utilizing XRD Philips PW1730. Throughout XRD
analysis, ZnO NPs are brought into the energetic rays
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from the XRD device that penetrate it to provide
valuable data on its structure. In the XRD pattern, the
broadening represents the nano size. The Debye
Scherer’s equation (d = k A / Bcos 0) is used to estimate

the average scale of the ZnO NPs [27, 28].
Scanning electron microscope (SEM)

The imaging of the surface of a sample at the nano and
microscale is performed with an electron beam to obtain
high-resolution images of the structure of the sample
[29]. The surface topology of ZnO NPs can be assessed
using SEM images by adjusting the density of the
electron on the surface and increasing the magnification
and field depth [30]. The detector generates and records
signals by presenting electron beams to ZnO NPs. From
recorded signals, the morphology, orientation, and
crystalline structure of ZnO NPs are inferred [31]. ZnO
NPs were examined under SEM (Tescan Mira3) in order
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to study their surface morphology, size, and shape.
EDX

To gain a deeper understanding of the characteristics of
phyto-synthesized ZnO NPs, an analysis of the sample
was conducted using energy-dispersive  X-ray
spectroscopy (TESCAN MIRA II). In EDX analysis, an
electron beam hits an atom’s inner shell, knocking an
electron off and leaving behind a positively charged
electron-hole. Upon displacement of an electron, another
electron from an outer shell fills the vacancy. By moving
from the exterior, higher-energy shell of the atom to the
inner, lower-energy surface, the electron releases the
energy difference in the form of an X-ray. A
characteristic energy is associated with each of the
elements and transitions in X-rays. By identifying the
peaks, the elements can be identified, and the peak height
can be utilized to estimate the concentrations of each

element [32, 33].
Antibacterial assay - Disc diffusion test

ZnO NPs antibacterial activity was tested using the disc
diffusion method against two types of bacteria, including
Escherichia coli (ATCC 25922) and Staphylococcus
aureus (ATCC 29737). After

cultural samples in Mueller Hinton Agar (100 mL), wells

incubating overnight

were made on the agar plates using a sterile polystyrene
tip (4 mm). 20 pg mL of fresh ZnO NPs were
separately prepared and utilized in the assay. To
determine the antibacterial activity, the diameter of the

inhibition zone around the well was measured.
Antioxidant assay — DPPH test

adical scavenging activity can be measured by a standard
method using DPPH (2,2-diphenyl-1-picrylhydrazyl).
The DPPH method uses antioxidants that react with
stable DPPH* (deep violet color) and then alter it into
2,2-diphenyl-2-picrylhydrazine (DPPH:H) that shows
yellow discoloration [34]. For assessment, 500 pl of 1M
DPPH solution dissolved with 100% methanol was
added to various concentrations of p. vera peel extract-
mediated ZnO NPs (12.5-250 ug ml™). For 40 minutes,
the mixture was incubated in the dark after being shaken

vigorously. During the study, Ascorbic acid was present
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as a positive control. Analyzing the absorbance of the
reactant at OD517 nm was performed after incubation.
As a result, the DPPH scavenging activity of ZnO NPs
synthesized by p.vera peel extract was compared with
that of Ascorbic acid.

Using the formula below, we calculated the percentage

of free radical scavenging activity (RSA):
RSA (%) = [(A control — A sample)/A control] x 100 (1)

Where:
A control = absorbance of DPPH without sample
A sample = absorbance of DPPH with sample

Catalytic activity

To assess the catalytic property of ZnO NPs in
wastewater treatment, 30 ml (15 mg L™) of textile
wastewater contaminated by MB was provided. 5 mg of
NaBH, (Merck®) as a reducing agent in this reaction was
added to the dye solution at a basic pH equal to 10 at
room temperature. Different concentrations (20, 40, 60,
80, and 100 mg) of ZnO nanocatalyst were used to
The

absorbance of methylene blue was recorded every 30

determine the optimal catalyst concentration.
seconds through the UV-VIS spectrometer (Shimadzu
UV-160A) between 400 and 800 nm to study the
reduction of the organic dye by ZnO NPs.

Photocatalytic activity

By using a nanocatalyst and MB dye, we determined the
photocatalytic activity of green synthesized ZnO NPs in
an isolated box containing a 10 W UV lamp (Merck
Millipore) that irradiated the 30 ml glass balloon. By
adding 100 mg of nanocatalyst to 30 ml of 10 mg L™* MB
solution, photocatalytic degradation was initiated. The
solution was stirred mechanically by a cylindrical
magnetic stirring bar, and by measuring the UV-VIS
absorption intensity in the 200-800 nm range every 2
minutes, the MB concentration was determined. In
addition, five different concentrations of nanocatalyst
between 20 and 100 mg were tested in order to determine
the optimal concentration.

In order to estimate dye degradation in both catalytic and
photocatalytic assay [13], the following formula was

used:
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%Decolorization = 100 X (C"C—_C) )
0

C, represents the initial concentration of dye solution,
and C represents the concentration of dye solution after

organic dye degradation.
RESULTS AND DISCUSSION
UV-Vis analysis

In order to determine the optical properties of the

45 |3\ 422mm

—— ZnONPs
— P. vera extract

Absorbance (a.u)
W W .ﬁ
=3 wn =]

[l
in

prepared ZnO NPs, UV-visible spectroscopy analysis
was performed. ZnO NPs synthesized from pistachio
vera skin extract, like many other nanoparticles, exhibit a
UV-vis band between 380 nm and 440 nm, which is
within the ZnO NPs range (Figure 2a) [35]. As a result of
the absorption of a photon and the excitation of an
electron from the valence band into the electron/hole pair
formed by the conduction band, visible absorption occurs
[36, 37]. It was determined that the band gap is 2.89 eV

through the use of a Tauc plot calculation (Figure 2b).

b)

80+
E 60
S
J
= 40
=
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20+
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Figure 2. UV-vis spectrum of ZnO nanoparticle and P. vera peel extract (a) Tauc's plots for the energy band gap (b)

Fourier-transform infrared spectroscopy (FTIR)

The FTIR spectrum shows the environment-friendly ZnO
NPs mediated by extract of the p.vera peel was
flavonoid

successfully formed. Due

(polyphenol)
stabilization, the peak at 500 cm? is related to Zn-O

mainly to

compounds and protein  molecule
formation (Figure 3). The broadest peak in the spectrum,
at 3490 cm 7, is equal to the stretching of O-H and (or)

N-H in amino acids, phenols, and alcohols. The peak of

Transmittance (%)

1537 cm " is associated with C=C tension in ketones.

Moreover, the peak at 1397 cm™ is related to C=0
tension. The peaks at 1045 cm™ relates to carbohydrate
(C-0), and the next peak at 612 cm™ could be appointed
to C-H bending. Biomolecules, such as terpenoids,
synthesize nanoparticles containing alcohols, ketones,

aldehydes, and carboxylic acids as functional groups.
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o
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Figure 3. Zinc Oxide nanoparticles (black) and P. vera peel extract (red) FTIR spectra
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Based on FTIR analysis, they have a strong capability in
phenolic metal bonding. ZnO NPs are formed when the
functional groups of P. vera soft peel extract donates
reducing electrons to Zn?* that reduce it to Zn°. ZnO NPs
formation can also be stabilized by these functional
groups [38].

XRD

The related face velocities and crystal symmetry of ZnO
give the compound a hexagonal
Additionally, ZnO NPs
thermodynamically stable crystallographic phases. A

common crystal

structure. also include

140

T
0 O N
o o o

Intensity (a.u.)
8 38

N
o

o

(100)

(101)

(002

quantum size effect increases the peaks’ width in ZnO
NPs. It is estimated that the average particle size was
obtained at 42 nm via the Scherer equation. Eight intense
diffraction peaks were displayed by the XRD pattern
(Figure 4), including (100), (002), (101), (102), (110),
(103), (112), and (201) at 20 values of 31°, 34°, 35.6°,
47°, 56°, 62.5°, 66.2°, and 68.3°, respectively. The XRD
pattern and the data reported in the present study follow
the Joint Committee on Powder Diffraction Standards
(JCPDS, card No. 36-1451). In addition, Polycrystalline
ZnO NPs structures can be seen in the peak at (101) [39].

(110)

P~
o0
o
)

0 20

SEM

The morphology of ZnO NPS was studied using
scanning electron microscopy (SEM) (Figure 5). XRD
analysis information can be verified by inspecting the
size of the nanoparticles in these images [40]. According
to the Figures, the particles were formed by the oval
structure and quasi-spherical formation. SEM images
substantiate the Scherrer equation results in the XRD
analysis section. The size range of the particles is
between 31.14 and 48 nm with an average of 42 nm. As
shown in the images, the particles also appear inclined
together, which is caused by the presence of a stable
capping agent.

EDX

Figure 6 illustrates the results of the use of energy
dispersive X-ray spectroscopy (EDX) to investigate the
chemical composition of biosynthesized ZnO NPs. In the
EDX spectrum, only Zn and O peaks are observed,

indicating that the zinc and oxygen stoichiometric values

60 80

20 degree
Figure 4. XRD pattern of synthesized ZnO NPs
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are identical in ZnO NPs [41].

stoichiometric theory, Zn and O should contain 80.3%

According to

and 19.7% mass percent, respectively. As a result of the
high purity of the synthesized hexagonal ZnO, there are
no stray peaks in the EDX spectrum. Based on XRD
ZnO

nanoparticles are exclusively composed of Zn and O

patterns and EDX spectra, the hexagonal

atoms.

Antibacterial activity

Bacteria are microscopic, single-celled organisms that
live in almost every environment on Earth, from deep-
sea vents to the guts of humans. The microorganisms are
highly resilient. They spread quickly and can adapt to a
wide range of environmental conditions, causing
generally adverse health effects on human beings [42,
43]. By using plant extracts to produce ZnO NPs, it is
possible to prevent bacterial biofilms from forming,

which leads to a rise in antibiotic resistance.
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Figure 5. Scanning electron microscopy (SEM ma of P. veramediated ZnO NPs

16 =
Zn
14 -
12 -

10

KCnt

0 1 2 3 4

Zn

5

Energy (KeV)
Figure 6. Energy Dispersive X-ray (EDX) analysis of ZnO NPs.

These NPs have good antibacterial properties,
biocompatibility, safety, and stability, which will create a
new research area in the field of antibacterial agents [44-
46]. E. coli and S. aureus cells’ growth was attenuated
by phyto-synthesised ZnO NPs caused by the interaction
with the bacterial velum. Antibacterial properties of ZnO
nanoparticles are attributable to oxidative stress caused
by reactive oxygen species formed on their surfaces,
These

radicals,

which causes bacterial membrane rupture.

molecules contain  oxygen, perhydroxyl
superoxide anion, and hydroxyl radicals capable of
destructively destroying DNA and RNA, and oxidizing
proteins and lipids, thus causing bacterial death [47].

Figure 7 exhibits the mechanism of bacteria cell death by
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green synthesized ZnO NPs, where the DNA, cell
membrane, mitochondria, and essential proteins confront
formidable damages.

The assay was performed using the agar disc diffusion
effect of ZnO NPs was

visualized against urinary tract infection pathogens.

method. The antibacterial
Whole tests were conducted in triplicate. In-vitro
antibacterial activities demonstrate that zinc oxide NPs
synthesized by P. vera peel extract prevent bacteria
growth. An explanation for ZnO NPS’s antimicrobial
efficacy may be P. vera peel extract, which functions as
a capping agent, and by reducing particle size, enhances
antimicrobial activity. This is due to smaller particles
typically having a higher surface-to-volume ratio, which
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makes them more efficient antibacterial agents [48, 49].
The inhibition zone made by ZnO NPs grows up to 20
mm for E. coli, and up to 24 mm for S. aureus, as
displayed in Table 1. Green synthesized ZnO NPs have

been shown in comparison with the control sample to be
an extremely promising candidate as a safe and
environmentally friendly antimicrobe.

Table 1. Inhibition zone of ZnO NPs and control sample.

Inhibition zone (mm)
Bacterial strain

ZnO NPs Tetracycline 20 pg mL ™
Escherichia coli 20 24
Staphylococcus aureus 24 26

Antioxidant activity

A substance considered an antioxidant exists at low
concentrations relative to an oxidizable substrate and

Oxidative damage

Production of ROS 7
Zni
Zn?* L
* g I 29 7n0 zn0
1~Zn ZnO

DNA damage

Mitochondrial damage

noticeably delays or inhibits the oxidation of that stratum
[50].

2+
Releaseiof Zn ZnO nanoparticles

: 200200

Zn2e 2%

Zn2Zn® 0

Leakage of intracellular
contents

Protein damage

Figure 7. A common mechanism of bacterial inhibition by ZnO NPs biosynthesized by P. vera peel extract

Antioxidants are used for treating a wide array of
illnesses. Several studies based on standard in vitro
methods demonstrate that ZnO NPs are also potent
antioxidants [51]. In the presence of an antioxidant
(radical scavenger), the DPPH radical is reduced to
DPPH-H (yellow) by either accepting a hydrogen atom
or an electron (Figure 8). DPPH turns light yellow when

?/’/

\:N—N‘ NO: wfs

Ral 8 — f
02N ZnO NPs

its odd electron is paired off with a free radical
scavenger, resulting in a decolorization. As the color of
DPPH changes, the scavenging activity of the
synthesized ZnO is determined spectrophotometrically
[52]. The radical scavenging activity (%) of the prepared
ZnO is calculated using Eq (1).

02N

N—NH— No: o

Radical
02N

30 Min darkness

Figure 8. Mechanism of radical scavenging activity by ZnO NPs (DPPH* to DPPH:H (yellow)).

The standard in-vitro DPPH assay demonstrates that P.
vera peel extract-mediated ZnO NPs are a significant

competitors of common antioxidants known in medical

areas. As exhibited in Figure 9 and Table 2, diverse
dosage (12.5-250 pg/ml) of ZnO NPs was utilized in the
DPPH test. The dosage of 100 ug mL™ ZnO NPs showed
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the highest antioxidant activity. Conversely, Ascorbic
acid, known as a solid antioxidant, demonstrate lower
radical scavenging activity at the exact dosage. The
radical scavenging property of ZnO NPs decreases with
dosage increment, whereas Ascorbic acid RSA %
increases. The antioxidant characteristics of ZnO could
be due to the phytochemicals coated on them derived
the [53].
phytochemicals, in particular polyphenols, can donate

from aqueous peel extracts Plant

100

B 7O NPs
B Ascorbic acid|

80

60

RSA (%)

40

20

25

50

100

hydrogen atoms to reduce DPPH* to DPPH:H when they
attach to their OH groups [54, 55]. Furthermore, it may
be possible for synthesized ZnO to have scavenging
activity due to the presence of oxygen electron density
DPPH [56].
scavenging activity of

electron in

the

over nitrogen density

Consequently, radical

phytogenic synthesized ZnO may depend upon factors

such as the concentration and the number of

phytochemicals coated on its surface [57].

150 200 250

Concentration (pug/ml.)

Figure 9. DPPH scavenging activity of ZnO NPs in comparison to Ascorbic acid.

Table 2. DPPH scavenging activity of ZnO NPs and Ascorbic acid

Concentration (ug mL™)

DPPH inhibition activity (%)

ZnO NPs Ascorbic acid
125 47.16981 26.18745
25 57.41768 40.17454
50 80.39216 46.78541
100 81.57603 55.14587
150 78.43137 61.58474
200 74.95376 70.87458
250 71.47614 90.45785

Dye reduction by NaBH,

The removal of methylene blue by the biosynthesized
ZnO nanocatalyst was reduced by NaBH, and monitored
by the UV-Vis spectrophotometer. Even though NaBH,
does not exhibit any catalytic activity in MB solution,
different concentrations of ZnO NPs cause a color
change that is evident. The optimal concentration of
nanocatalyst determined different

was using
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concentrations of nanocatalyst in the same pH and dye
concentration. As shown in Figure 10, the highest
catalytic activity of ZnO NPs emerged at 60 mg. On the
hand,
increases (80 and 100 mg), the catalytic activity declines.

other as the concentration of nanoparticles

Therefore, 60 mg was selected as the optimum dose of

ZnO nanocatalyst for the main dye reduction study.
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By using the optimum concentration of ZnO NPs, MB
dye was eliminated in 150 seconds (Figure 11). Equation
1 was used to calculate the final dye degradation
percentage, which is 100%. Hence, ZnO nanocatalyst
biosynthesized by P. vera soft peel extract exhibits high
catalytic activity in organic dye degradation while

conforming to all principles of green chemistry.
Methylene blue reduction mechanism

Regarding the more ecological side of catalytic

80

T
100

T T 1
120 140 160

Time (sec)
Figure 10. Concentration effect on MB degradation activity of ZnO NPs.

highly desirable. Avoiding the use of volatile organic
solvents; sodium borohydride (NaBH,) is one of the
preferred  water-soluble for

reducing  agents

representative reductions. Following the effect of
electron transfer, the organic color reduction reaction can
be justified. ZnO, as a well-known semiconductor, can
effectually transfer electrons between receptors and
donors. Consequently, electrons will be transferred to the
receptor (MB) with the help of the donor (BH,). This
process converts methylene blue to leucomethylene blue

[58, 59].

processes,  developing  environmentally  friendly
procedures, preferably in aqueous environments, is
12000 saturated MB
—— MB 30s
10000 —— MB 60s
—— MB 90s
— MB 120s
g 80901 | ——MB 1505
]
=
2 6000
ol
<
4000
2000
0
400 500 600 700

Photocatalytic dye degradation

We investigated the photocatalytic activity of ZnO

nanocatalysts using methylene blue at a fixed

800

wavelength (nm)
Figure 11. Successive reduction of MB by ZnO NPs in the presence of NaBH,
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concentration and a constant pH. In order to estimate the

potential catalytic activity of UV radiation, two different
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MB solutions were studied in the absence and presence
of ZnO NPs. Passing over 30 minutes; it was observed
that the MB solution concentration did not vary in the
absence of ZnO. Thus, this indicates that UV light alone
does not decompose the organic dye and that ZnO
nanocatalysts can decompose MB. Moreover, five

different nanocatalyst concentrations were tested

between 20 and 100 mg in order to determine the optimal

concentration. Based on the results of this study, as well

1004 |—®#—20mg
—e— 40 mg
. —a— 60 mg
=S
> go{ [~v—80mg
g —¢— 100 mg
.8
%
2 80
.8
=
g
b 40
a
20

as the results of the catalytic activity test, 60 mg is the
optimal nanocatalyst concentration for MB removal
(Figure 12).

The nanoparticles designed in this study were capable of
decomposing and removing MB from aqueous media
(Figure 13).

properties of nanoparticles and their low band gap may

within 14 minutes Physicochemical

contribute to this result. Using equation 1, we calculated

the percentage of color degradation, which equals 98%.
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Figure 12. Concentration effect on MB degradation activity of ZnO NPs
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Figure 13. Successive photodegradation of MB by ZnO NPs

Methylene blue photodegradation mechanism

ZnO is a good choice for photocatalytic applications due
to its high photocatalytic activity and optical properties.
As the photocatalytic reaction is a form of molecular
excitation of the photocatalyst, it is often called a photo-
reaction.

induced Photocatalytic degradation occurs
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through chemical reactions. The initiation stage of the
reaction is the creation of an electron-hole pair. The
photocatalytic reaction occurs when a photon of
sufficient wavelength induces molecular excitation of the
The chemical

photocatalyst. process of molecule
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excitation contributes to electrons switching from the
valence band level (vbl) to the conduction band level
(cbl) and the creation of holes within the valence band
level (vbl) [13]. In other words, when illuminated by
light stronger than the band gap energy, the electron-hole
pairs diffuse into the photocatalyst surface and
participate in the chemical reaction. As a result of
significant super-strong oxidation, certain free electrons

and holes are capable of converting the surrounding

oxygen or water molecules into highly reactive and
unstable free radicals. Accordingly, Zn*? ions must be
the most abundant of all zinc species present in aqueous
dye solutions under the experimental conditions,
followed by Zn(OH)*,Zn(OH);", and Zn(OH),> [60, 61].
A schematic representation of the process is shown in
Figure 14 for a better understanding of the mechanisms

and reactions.
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Figure 14. A potential photocatalytic mechanism for plant-mediated zinc oxide nanoparticles.

Catalyst stability

The use of a catalyst in large quantities demands both

great activity and stability. To determine the
effectiveness of their recycling, ZnO NPs were reused to
degrade the MB dye over four consecutive cycles. Used
nanoparticles were washed with distilled water and dried
at 90°C in order to prepare them for reuse. Catalytic
activity was not significantly reduced following several
degradation cycles. As well, the nanoparticles in this
study did not change significantly over a period of four
consecutive cycles of exposure to ultraviolet rays, and
their performance remained the same.

In general, this study showed that by using plant
components extracts such as fruit peels extract, fully
functional nanoparticles of plant origin can be
biosynthesized. Since this synthesis follows all the green
chemistry principles, the produced nanoparticles can be
called green and environmentally friendly nanoparticles.
Considering the properties and application of
nanoparticles produced in this study, as well as their

recycling properties, they can be used in industry and
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medical and pharmaceutical applications. Due to their

physicochemical properties, nanoparticles possess
significant catalytic and photocatalytic properties that are
competitive with other methods of purifying water
contaminated with organic dyes. Research on other
organic dyes will allow us to better understand how these
nanoparticles can be utilized in the treatment of water
contaminated with other dyes or multiple dyes, and if
necessary, positive changes can be made to optimize
The

syntheses is to identify the effective factors in the

these nanoparticles. important point in these
synthesis and properties of nanoparticles, which by
studying more in this field, it is possible to produce
nanoparticles that are completely competitive with other

chemical materials.
CONCLUSIONS

The peel extract of Pistacia vera was used for the first
time to synthesize ZnO NPs by green chemistry
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approach. ZnO NPs can be produced quickly, efficiently,
and simply by using a fast biological pathway with plant
waste peel extract. The spherical prepared ZnO NPs were
characterized utilizing FTIR, XRD, EDX, UV-Vis
absorption and SEM techniques. Based on the SEM
images, the nanoparticles are mostly oval and quasi-
spherical within the diameter range of 31.14 to 48 nm.
According to FTIR, the peak at 500 cm™ is the typical
absorption of the Zn-O bond, confirming the ZnO NPs
formation. The formation of a hexagonal wurtzite phase
is confirmed by X-ray diffraction. At ambient
temperatures, it is the most stable form of zinc oxide.
This procedure is an economical technique to prepare
nanocrystalline zinc oxide based on time, energy, and
simplicity. The disc diffusion technique against clinical
strains of Escherichia coli and Staphylococcus aureus
demonstrates that ZnO NPs are remarkable antibacterial
candidates. In addition, the radical scavenging method,
the DPPH test, shows that ZnO NPs have striking
antioxidative activity and can successfully discolor
unstable DPPH. The multi-functional nanocatalyst
biosynthesized by Pistacia vera soft peel extract reduces
methylene blue as an organic pollutant dye in 150
seconds, which is a significant improvement in the
catalytic activity of ZnO NPs. Furthermore, these
nanoparticles have the ability to decompose MB in 14
minutes under ultraviolet light. As a result of these
nanoparticles' properties and the methods used in their
synthesis, which are based on plant waste, by completing
more extensive studies in the future, they can be used in
various industries and contribute to preserving the

environment and advancing green chemistry science.
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