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Abstract

Zinc oxide (ZnO) has a variety of characteristics, including optical, electrical, mechanical, thermal, and structural. Nanoparticles (NPs)
play a big part in many different industries. The current research focuses on producing ZnO Nps for photocatalytic dye degradation
activities. Ag,0-doped ZnO was produced together with three other different types of ZnO NPs. Nps as well as pure ZnO nanocrystals,
were recovered using chemical and biological methods. The SEM study supported the chemical evolution of the ZnO nanorod-like
structure, which exhibits enhanced photocatalytic activity. It was predicted that chemically produced ZnO Nps would have 34 nm, the
typical particle size. X-ray diffraction analysis was used to identify Ag,0/ZnO nanoparticles in their hexagonal configuration. The particle
size ranged from 16 to 17 nm, which was shown to be the norm. The findings of the SEM study further demonstrate that the created
Ag,0 doped ZnO Nps agglomerated into hexagonal forms, stuck together as bulks and rods, and grew in size in proportion to the Ag
nanofluids. We conclude that hexagonal and rod-shaped Ag20/Zn0O Nps aggregates work well as photocatalytic catalysts. Approximately
25 mL of ZnO-doped Ag,0 nanofluid is a powerful photocatalyst for oxidizing organic dyes and is suitable for large-scale applications.
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Introduction

As a result of their diverse applications in science as well
as their unique characteristics, NPs have recently received
a lot of attention (Alhokbany et al., 2022). The behavior of
materials at the nanoscale, which is commonly discovered
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to have particularly desirable characteristics, is influenced
by size confinement, the dominance of interfacial processes,
and quantum effects. Zinc oxide (ZnO) is an n-type
semiconductor with a significant exciton binding energy
of roughly 60 meV and a large direct band gap of 3.37 eV
(Chakraborty, U et al., 2021). This has created numerous
new opportunities for numerous applications, including
piezoelectric transducers, photocatalysts, and light-
emitting diodes. Many scientists are now fascinated by
the photocatalytic and antibacterial characteristics of ZnO
particles (Rosman N etal., 2019). Radiation exposure causes
ZnQ's valence band and conduction band to produce two
positive holes and electrons (Noelson E. et al., 2022). The
positive hole and electron cause OH radicals to form as
a result of their secondary interactions (Ding et al., 2019).
Degradation of organic pollutants occurs when they interact
with the potent oxidant OH radical. ZnO cannot be used as
a photocatalyst under visible light due to its 3.3 eV wider
band gap (Khalid et al., 2021).

Numerous methods, which may be further broken
down into physical, biological, and chemical processes,
can be used to create ZnO nanocrystals (Rosman et al.,
(2018). Chemicals, including zinc nitrate, sodium hydroxide,
ammonium hydroxide, organic amines, and zinc acetate
dehydrate, are often used in solution-based synthesis
methods (Shume, W. M. et al., (2020). Scientists are hunting
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for ZnO nanocrystals even though numerous biologically
based synthetic methods are well known (Ibraheem, A.
M. & Kamalakkannan, J. (2020). Biological activities are
responsible for the development of an ecofriendly approach
for synthesizing nanoparticles (Song et al., (2021), (De, A. K.
& Sinha, I. (2022). Creating silver nanoparticles using non-
toxic components like plant extract and microorganisms
has many benefits for medical usage (Yang et al., (2018).
The creation of ZnO nanostructures using the amino acid
L-lysine and lemon juice has been the subject of several
research (Shahzad et al., (2022), (Rashmi et al., (2020). Alfalfa
plants have the ability to biosynthesize gold nanoparticles.
Green chemistry should become more well-known when
environmentally acceptable methods for producing
nanoparticles are established. The effectiveness of metal-
doped ZnO nanoparticles as photocatalysts has been
assessed in several studies. Tb-ZnO and Sr-ZnO have both
been studied for their effectiveness as photocatalysts
(Rosman et al., (2020), (Mohamed et al., (2020). Chandekar
and colleagues have used flash combustion to produce
La-ZnO, which functions as an active photocatalyst (Wani,
S. . & Ganie, A. S. (2021). Similarly, other researchers have
added metalsincluding La, Mn, Bi, Fe, and Cu to ZnO to boost
ZnQ's photocatalytic efficiency (Peng et al., (2022). Progress is
being made in the study of the biological and photocatalytic
properties of ZnO NPs (Xiang. & Shao, C. L. (2021). ZnO NPs
and metal ion doped ZnO’s photocatalytic activity were
evaluated by measuring how well MB dye degraded under
UV illumination (De, A. K., Majumdar, S et al., (2020),(Tijani,
J.Oetal, (2019). Additionally, ZnO NPs perform as bioactive
compounds with a range of applications, such as antioxidant
and antibacterial properties (Shaukat, N et al., (2021), (Shen
et al., (2020). Uncertainty exists about Ag-doped Zno NPs’
photocatalytic activity and biocompatibility. Testing was
carried out in accordance with parameters including pH,
[Ag+] ratios, and time periods. The presence of bioactive
substances, such as polyphenols (flavonoids) that include
hydroxyl groups was hypothesized to be optimally produced
when silver oxide NPs were produced utilizing a plant
extract-mediated synthesis method. To guarantee that
free entities from the silver nanoparticles were separated
from the final result, the product was centrifuged for a few
minutes. This was followed by several washing with copious
volumes of clean water and ethanol (Ling et al. (2021), (Bian
et al., (2020). Because OH attaches the OH group to Ag+
and promotes the synthesis of very unstable AgOH, which
is quickly oxidized to Ag,0 by freeze-drying (Salari et al.
(2018)., the presence of OH may play a role in the formation
of Ag,0 NPs.

Scientists have recently focused on developing
nanoscale ZnO materials to remove dyes. There are several
ways to make ZnO nanoparticles, such as the sol-gel
technique (Sahu, P. & Das, D. (2022), the microwave method

(Liang, Y. C et al., 2019), (Su, Y et al., 2019), hydrothermal
method (Loka C. & Leg, K. S. 2022), (Wang et al., 2021)., and
precipitation method (Anikina etal., 2022), (Ahamad, Tetal.,),
and thermal breakdown method (Shah, A et al., 2019), (Amiri
et al., 2020), (Adeel et al., 2021). One of them is the thermal
decomposition approach, which is regarded as a “green
method” because it doesn't utilize or create any potentially
harmful chemicals or solvents (Amani-Ghadim, A. R et al.,
2021). With this method, many samples may be prepared
in a single batch. As a result, the current study’s goal is
to examine how Ag doping affects the physicochemical
characteristics, ZnO NPs’ ability to photocatalyze and
biocompatibility. The simple sol-gel process was used to
produce pure and Ag-doped (1, 2, 5, and 7.5 mol%) ZnO
NPs. SEM and X-ray diffraction (XRD) analysis were used to
investigate the manufactured samples. The photocatalytic
activity of both pure and Ag-MgO NPs was examined using
the methylene blue (MB) dye degradation.

Materials and Methods

Synthesis procedure of pure ZnO nanoparticle via
chemical route

The pure ZnO NPs are made using the precipitation
procedure. Figure 1 illustrates the aqueous solution that was
produced using various molar ratios of Zn(COOCH,)2.2H,0
and NaOH [0.5M:0.1M, TM:0.1TM, and 1M:0.5M]. A zinc
acetate aqueous solution was agitated for 20 minutes.
Zn(COOCH3)2.2H,0 solution was aqueously added to
(Saeed, M et al. 2021). NaOH while it was still at room
temperature, drop by drop. The mixed solutions were
continuously swirling at a speed of 600 rpm for two
hours. The milk-white precipitate was separated by triple
centrifugation and then rinsed with deionized water after
the interaction of Zn(COOCH3)2. 2H,0 and NaOH solutions.
The precipitates were rinsed, gathered, and heated to 70°C
for drying. ZnO nanocrystals are made by annealing the
generated particles for two hours at 400°Cin a programmed
furnace. The standard approach was applied for a range of
molar concentrations of ZnO NPs.

Synthesis Procedure of Pure ZnO NPs through
Natural Extract

Figure 2 illustrates how to boil a 500 g piece of aloe leaf in
deionized water after it has been well-washed and sliced.

NaOH
solution

0.5M Za(COOCH,),
I ) Aunealed at 400°C for 2 brs
Stirring a Centrifuge O O
20 minutes ° o washing and Drying O 220 NP
n0 NPs
© 0o

Figure 1: Synthesis procedure of pure ZnO nanoparticle
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Figure 2: Synthesis of ZnO NPs from the biological route

The 500 g remaining inner gel broth from the aloe leaf
was crushed and thinly pasted with just enough deionized
water. For future exams, the gel paste was stored in the
refrigerator. The preparation of the aloe extract and gel
followed accepted procedures. The required amount of
aloe extract was progressively added after agitating the
Zn(COOCH3)2.2H,0 solution for 20 minutes. The mixture was
constantly agitated at 800 rpm for three hours. A precipitate
with a faint yellow color resulted from the reaction once
it was complete. After gathering and centrifuging the
precipitate, deionized water was used to clean it. With
ethanol and water, the washing and centrifuging procedures
were repeated. The samples were gathered, heated to 70°C
in a hot air atmosphere, then dried for 8 to 9 hours.

Synthesis Procedure of ZnO Doped Ag,0 NP

Millingtonia hortensis was weighed at 10 grams, thrice
washed in distilled water, and then macerated into minute
pieces. Figure 3 illustrates the procedure for heating this
chemical to 80°C for 30 minutes after placing it dissolved
in 100 cc of distilled water in a 250 mL Erlenmeyer flask.
Utilizing Whatman filters, the plant matter is then eliminated.
The extract and No. 1 filter paper were combined to make
silver nanoparticles. A silver nitrate (AgNO,) 1 M aqueous
solution was prepared in order to produce silver oxide NPs.
10 mL of the extract were added to the 1 M silver nitrate
solution, and for 30 minutes, a magnetic stirrer was used to
mix the solution constantly. When the reaction is done, Ag,0
NPs are produced as indicated by a change in the color of
the flower extract. The extract shows color changes between
0 and 30 minutes.

At room temperature, 0.1 M Zn(COOCH3)2. 2H20 was
broken down in 50 cc of DD water. In order to preserve
pH, the previously prepared precursor solution was added
to 10 mL of Ag,O nanofluids and continuously stirred for
an hour. Then, the necessary volume of 0.1 M sodium
hydroxide solution was added drop by drop while stirring
continuously for an additional hour. A precipitate that was
dark brown in hue was created after the stirring process. The
precipitate was thoroughly washed before being dried for
an hour at 800°C in a hot air oven by centrifuging it twice
for 15 minutes at 4000 rpm. A two-hour, 450°C annealing
operation was performed on the completed item. Ag,O nano
fluid solutionsin 15, 20, and 25 mL quantities underwent the

Evaporation

entrifuge — Annealing
e 9

Drying Ag20 co-doped ZnO NPs

Figure 3: Synthesis procedure of ZnO doped Ag20 nanoparticle

standard process. The acquired dry precursors were ground
into a powder and stored for upcoming research in sealed
containers (Vignesh, S et al., 2021).

Characterization of Synthesized NPs

Powder X-ray diffraction (PXRD) was used to analyze the
produced nanocrystals to determine their structure, crystal
phase, and crystallite sizes. Analyses were performed
at room temperature using CuK radiation (= 1.5406), an
accelerating voltage of 40 kV, and an emission current
of 30 mA. The samples’ morphology and the creation of
ZnO and Ag, doped Zno nanocrystals (JOEL JSM-6390LV)
were both examined using SEM. It is determined how
photocatalytically active the produced materials are using
a UV-vis spectrophotometer (Bigvision 2371). Using a 12W
Philips UV lamp with a peak wavelength of 354 nm, the
specimens are stored in a quartz photochemical reactor
(Suo, Jetal., 2022).

Results and Discussion

PXRD studies of chemically synthesized pure ZnO
nanocrystal

Powder X-ray diffraction (PXRD) studies are used to
determine the structure, crystal phase, and crystallite sizes of
the generated nanocrystals. Figure 4 displays the diffraction
peaks of chemically produced ZnO nanocrystals. Figure 5
illustrates how closely the ZnO wurtzite structure’s (100),
(002), (101), (102), (110), (103), 112, and (201) planes match the
standard JCPDS No: 36-1451. These planes have peaks at 2
(degree) that are, respectively, 31.95,34.70,36.52,47.78,57.07,
63.15, 67.72, and 68.94. The estimated values for the lattice
parameters, a =3.267 and ¢ =5.243, are in good agreement
with what is anticipated for the ZnO wurtzite structure. The
lattice parameters shown in equation 1 have been calculated
using the relation [(Yang, M et al., (2019), formula].

1/d2 = 4/3[(h2+hk+k2/a2)]+2/c2 ..... (1)

The computed values, a = 3.248 and ¢ = 5.215, and the
published standard values, a = 3.249 and ¢ = 5.206 (JCPDS
no. 36-1451), are in good agreement with one another. The
semi-empirical Scherer’s formula for calculating the average
particle size (D) is shown in Equation 2.

D=kA/Bcosb6(3.2) ....(2)
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Figure 4: XRD-pattern of ZnO nanocrystals prepared by chemical

method
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Figure 5: XRD pattern of (A)ZnO /A920(1 0mL) (B)ZnO /Ag20(1 5mL)
(©)Zn0 /Ag,0(20 mL) (D)ZnO /Ag,0(25 mL) NPs

the form factor (k), the X-ray wavelength (1.5406), the Bragg
angle (degree), and the X-ray wavelength, as well as the peak
position at quarter-optimum (PPQO). The PPQO value was
determined using profile fitting utilizing an XRD pattern
processing tool. According to chemical research, the typical
crystallite size of ZnO nanocrystals is 34 nm.

PXRD studies of ZnO doped Ag,0 nanoparticle

Ag,0 diffraction peak strength increases together with
the amount of Ag,0 nanofluids. However, the Ag,0 doped
samples’ XRD patterns exhibit a little shift to a greater
angle when compared to the pure ZnO diffraction patterns,
indicating that no new phases have formed. High-intensity
peaks (100), (002), and (101) in Figure 6 show that the film
prefers to be oriented along the c-axis. Zn and Ag have
different ionic radii. Therefore, when Zn?* is swapped out
for Ag?, the lattice is compressed, which causes the peak
to move towards high angles. Such an angle shift occurs
when Ag is replaced for Zn because of a change in “d” (Liu,
Jetal., (2022). Band gap investigations and solid solution
characteristics have shown that Zn/MgO thin films made
by spray pyrolysis and pulsed laser deposition (PLD)
exhibit comparable behaviors (Nasab, N. K et al., (2020).
Additionally, using Scherer’s semi-empirical approach

(1

- (002)

(100)

Intensity (a.u.)

»lw oo

3'0 3‘5
Two theta (deg.)

Figure 6: Shifting of XRD peaks for (A) ZnO /Ag,0(10 mL) (B) ZnO /
Ag,0(15 mL) (C)Zn0O /Ag,0(20 mL) (D)ZnO /Ag,0(25 mL) NPs

(Bayati F et al., (2021). and parameters including the form
factor of 0.94 k, the full width at half maximum (FWHM), the
X-ray wavelength of 1.5406 degrees, and the Bragg angle of
degrees, the average particle size (D) for various volumes of
Ag,0 doped ZnO was computed. Using profile fitting and
an XRD pattern processing tool, the value of FWHM was
determined. For the ZnO/AgO (10 mL), ZnO/AgO (15 mL),
Zn0O/AgO (20 mL), and ZnO/AgO (25 mL) NPs, respectively,
the average grain size (or crystalline size) was discovered to
be 16, 17, 16, and 16 nm. As a result, the average crystal size
of ZnO/Ag,0 NPs is 16 nm.

PXRD Studies of Naturally Synthesized Pure ZnO
Nanocrystal

Natural ZnO nanocrystals were isolated, and Figure 7
shows their X-ray diffraction pattern. The sharp and precise
diffraction peaks reveal the remarkable quality of the
synthetic ZnO crystals. It is possible to utilize each of the
XRD pattern’s diffraction peaks to identify the hexagonal
structure of the finely crystalline ZnO. The ZnO planes
(100), (002), and 69.12 at 2 (degree) are where the diffraction
peaks at 31.76, 34.43, 36.267, 47.569, 56.62, 62.88, and 69.12
are located. (101), (102), (110), (103), (112), and (201). ZnO
nanocrystals’ typical crystallite size was determined to be
31 nm utilizing a biological method.

Both methods produce pure ZnO nanocrystals that have
the hexagonal wurtzite structure seen in their diffraction
peaks. Compared to biological manufacturing, ZnO
nanocrystals made chemically have sharp, straight peaks.
The pattern also lacks any further peaks, indicating that all of
the precursors have been completely degraded. All artificial
nanocrystals have mesoporous properties.

Scanning Electron Microscope

The SEM images of ZnO nanocrystals made chemically
are shown in Figure 8a. It is clear from the depiction that
chemically generated ZnO nanocrystals have agglomerated
hexagonal shapes and rod-like structural characteristics, as
shown in Figure 8b. At concentrations of 0.5:1 M and 1:0.1 M,
it is clear that the ZnO nanocrystals formed have a hexagonal
structure. Nanoflakes resemble ZnO nanoparticles produced
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Figure 8: SEM images of (i) Chemically produced ZnO a) At 10000X
b) At 30000X (ii) Naturally synthesized ZnO c) At 10000X d) At
30000X

by natural sources. The surface shapes of ZnO nanocrystals
made chemically and those made organically are readily
distinguished in Figure 8c. The example also shows that,
in contrast to those made using chemical procedures, ZnO
nanocrystals created using biological methods yield uneven
bulks as seen in Figure 8d.

The produced samples were examined under a scanning
electron microscope to understand more about their shape
and microstructure. Figure 9 demonstrates the hexagonal
morphologies and interconnected rods and bulks of the
Ag,0 doped ZnO NPs. With an increase of Ag,0 nanofluids,
the hexagonal forms of the rods structure expand. The
fact that the nanorods are aggregated suggests that a
sizable amount of doping agent (25 mL Ag,0 nanofluids)
was used. The effect of mixing speed while adding the
aqueous AgNP solution at high concentrations on the
mean agglomeration size and repeatability has also been
proven. The agglomeration rate is presumably modest at this
concentration because it is easier to disperse particles that
are close to the primary particle size at lower concentrations.

Photocatalytic activity of ZnO Nanorods

When the catalyst is exposed to light for long periods—1, 2,
3, and 4 hours—the curves’ initial slopes of the absorption
rate noticeably rise. This is seen in Figure 10. It indisputably
proves that the 1:0.1 M concentration produces higher

Figure 9: SEM images of (a) ZnO /Ag,0(10 mL) ;(b) ZnO /Ag,0 (15
mL); (c) ZnO /Ag,0 (20 mL);(d) ZnO /Ag,0 (25 mL) NPs
photocatalytic activity when all molar concentrations of ZnO
nanorods manufactured using the chemical technique are
compared (Yu, H. L etal., (2020). The more time that passed,
the lower the MB dye concentration was. The effectiveness
of photodegradation at 1:0.1 concentrations after 4 hours of
exposure is 76%. Their enhanced catalytic activity is due to
the nanorods’ larger surface area when compared to other
structures. Ag to ZnO undergoes a photoinduced electron
transfer as a result of the Ag nanoparticles’ conduction band
electrons being pushed to the state of surface plasmon
resonances. The electrons subsequently enter the ZnO
conduction band after becoming more energetic. While the
ZnO conduction band cannot receive electrons, the Fermi
state of Ag nanoparticles can. The Fermi state electrons of
the Ag nanoparticles may travel to the defect levels of ZnO,
depending on the energy levels of the various ZnO defects.
By employing these techniques, electron transport in fresh
Ag/Zn0O might be reduced to a minimum. Over a prolonged
length of time, silver oxidation makes electron transport

more challenging.

The resulting compounds hastened the breakdown
of the Methylene Blue (MB) dye (Sabouri et al., (2022).
For an hour in the dark, the dye and catalyst molecules
were continuously combined to come about equilibrium
for adsorption and desorption. Every 15 minutes, a
spectrophotometer was used to check the adsorption until
it was almost constant because a photocatalytic system'’s
photosensitizer is a constant component. In the dark, a
photosensitizer often becomes unstable. The UV-visible
absorption spectra of the ZnO/Ag,O nanoparticles used
to remove the MB dye are shown in Figure 11 in (a-c), and
(d) formats. The wavelengths of the Ag,0/ZnO NPs were
determined to be 291, 291, and 300 nm in the volumes of
15,20, and 25 mL, respectively. The MB dye’s biggest peakin
absorbance strength could be noticed at 665 nm. More Ag,0
nanofluid was added, progressively decreasing the intensity
peak of the NPs that were created (Goktas A et al., (2022).
Here, the principal MB dye absorption peak is designated
by C, while CO0 stands for the absorption of the original dye
solution. Degradation of several photocatalysts’ efficiency
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Figure 10: Photocatalytic activity of ZnO nanorods
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Figure 11: UV-vis spectrum of ZnO/Ag20 NPs

as a function of exposure duration (A, B, C). Zn0O/Ag,0 (15
and 20 mL) NPs degrade 56% more effectively than control
samples. After 120 minutes of exposure, it is interesting that
ZnO/Ag,0 (25 mL) NPs have a 63% disintegration efficiency
(Zelekew, O. Aetal., (2021). As aresult, this element’s function
as a photocatalyst makes the breakdown of organic dyes
easier for large-scale applications. A valence band electron
is excited by each individual photon.

A positive hole is left in the VB after the transmission
of from the conduction band (CB) to VB. This might occur
due to the way the semiconductor material’s and transition
metal oxide’s electronic band structures are set up (Zoha et
al., (2020). Furthermore, the breakdown of dye is brought
on by hydroxyl radicals generated by electron-hole
recombination. As seen below, the MB dye breaks down
in the resulting Ag20/Zn0O nanoparticles. ZnO/Ag20 NPs
(25 mL) act, in contrast to other nanoparticles of various
sizes, as a possible catalyst for the degradation of the
organic pollutant of MB dye. The maximum absorbance
value dropped during a given time period, indicating
the degradation of the MB dye. ZnO/Ag,0 NPs (25 mL)
exhibit a greater photocatalytic activity according to the
photocatalytic activity (Kamarajan et al., (2022). This could
be due to the synthesized NPs’ higher surface areas, which
also contributed to the formation of the rod-like structure
and the higher volume of the green Ag,0 nanofluids. The
dye may lose part of its color as a result of interactions with

OH radicals or intermediate photo reactions. The size and
composition of the produced metal oxide nanoparticles also
influenced the rate of dye breakdown.

Conclusion

«  Pure ZnO nanocrystals were produced using the
chemical precipitation technique. ZnO nanocrystals
were synthesized with a hexagonal structure, which
was discovered using X-ray diffraction (XRD) study, and
SEM analysis served as confirmation. The nanoscale zinc
oxide particle’s average particle sizes for nanorods and
nanoflakes were 31 nm and 34 nm, respectively, clearly
illustrating the poly discrepancy.

« 1:0.1 molecular concentration Compared to ZnO
nanoflakes made chemically and ZnO nanoflakes
at various concentrations, ZnO nanorods had a
greater capacity for the degradation of MB dye by
photocatalysis. The production of nanorods during
chemical synthesis results in higher photocatalytic
activity than nanoflakes. The greater surface area of
nanorods compared to other forms may be the reason
for their improved catalytic activity.

+According to an XRD analysis, the generated ZnO/Ag,0
NPs had an average crystalline size of 16 nm. The results
of the SEM investigation demonstrate the hexagonal
forms of the produced Ag,0 doped ZnO nanoparticles,
which have gathered and are sticking as bulks and rods.

+ Asthe Ag,0O nanofluid concentrationrises, the hexagonal
shapes of the rods’ structure also do. UV-visible
spectrum analysis of the photocatalytic investigation
reveals containing 25 mL of ZnO-doped Ag,0 nanofluid
efficiently (63%) and quickly (approximately 120
minutes) destroyed MB dye. As a result, the ZnO/
Ag,0 NPs component under research may be used
extensively as a potential photocatalytic degrader of
organic dyes.

Availability of Data and Materials
The data supporting the findings of the article is available
within the article.
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