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Highlights
« First report on biosynthesis of ZnO NPs using leaf and cone concentrate of C
« This study demonstrates economical, simple and fast synthesis procedure
* The nanoparticles could decolorize dyestuffs with efficiency more thar%% (fri
» ZnO NPs demonstrated antibacterial effectiveness against bacteria.

Article Info Abstract

A
Among the metal oxide nanoparticles, zinc oxide (ZnO) has recently been cited as the new
) material of the future due to its unique properties and wide application areas. In this study, we
Received: 17 Agu 2023 offer a simple technique for the production of extremely stable ZnO nanoparticles (CA-ZnO NPs)
Accepted: 05 Feb 2024 using the agueous and ethyl alcohol (1/1, v/v) extract of Cupressus arizonica (CA, Blue cypress)
leaves and cones and zinc acetate (Zn-Ac) salt. The structure of the produced CA-ZnO NPs was
elucidated and nanoparticles were used as a photocatalyst for the removal of textile dyestuffs. The

Vi

Keywords particle sizes of CA-ZnO NPs calcined at different temperatures (60°C, 150°C, and 400°C)
Zinc oxide increased from 20 nm to 50 nm. Produced CA-ZnO NPs were used to investigate photocatalytic
Cupressus arizonica degradation of Basic Yellow (BY28), Basic Violet 39 (BV39), Methylene blue (MB), Brilliant
Photocatalyst Blue (BB3) and Basic Red 46 (BR46) in aqueous solution under UV- light and daylight
Antibacterial ‘irradiation. After stirring dye solutions containing CA-ZnO NP for one hour in darkness and 7
Textile dye hours under UV- light, decolorization rates varied from 53% to 100%. Decolorization of the

dyestuff molecules follows the pseudo first-order kinetics. Produced CA-ZnO NPs showed
antibacterial efficiency against Escherichia coli and Staphylococcus aureus. CA-ZnO NPs
formed zones ranging from 10 mm to 11 mm against gram+ and gram- bacteria. Green production
of ZnO NPs utilizing Cupressus arizonica plant extract can replace chemical methods, and the
resulting CA-ZnO NPs can be used in industries like water purification. This eco-friendly
biogenic synthesis method is a new, inexpensive and useful technique suitable for large scale.

Green prodd@igr technique, which is used in the production of hanoparticles and in which plants are used,
is an alternati¥e and eco-friendly method that eliminates the use of substances detrimental to the health of
people and the environment. Recently, different parts of many plants have been widely used in the biogenic
synthesis of nanoparticles, because they contain metabolites that serve as reducing, coating, and stabilizing
agents, such as phenols, flavonoids, alkaloids, alcohols, terpenoids, sugars, and proteins. At the same time,
these phytocomponents act as a good coating (enhancing their properties by enveloping nanoparticles) and
stabilizing compounds. Therefore, for the production of nanoparticles, researchers focused on all the plant
species that contain phytochemicals in their roots, leaves or flowers that will reduce metal ions to metal
nanoparticles and stabilize them. In most of the nanosynthesis studies, it is aimed that the nanostructures
obtained have a certain size and morphology. Thanks to the chemical and physical technologies used in
nanoparticle production for a long time, small particles with high solubility can be produced in a short time,
but newer technologies need to be researched due to their weak particle stability, high toxic content, and
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expensive technologies [1]. In this respect, "green nanotechnology", which includes environmentally
friendly, economical, and non-hazardous biological techniques, is at the forefront today [2]. Plants that are
easily available and abundantly available are generally used as plants, and it is known that the obtained
nanoparticles are more stable [3]. Nanoparticle production methods using different parts of plants are an
alternative to traditional chemical and physical production methods. It is well known that biological
methods of producing nanoparticles have become important due to their simplicity, eco-friendliness, and
extensive antibacterial properties. Some examples of studies conducted in the last 10 years that produced
ZnO by green synthesis using various plant sources are given in Table 1.

Table 1. Reaction conditions and some data for ZnO NPs produced using different plants

Stabilizing Precurser Research Reaction Phyto- Particl rphology | Ref.
Agent, Plant Purpose Conditions chemicals Size &
Part (nm
anticancer, 60°C, 2 h Ursolik Acid,
Geranium Zn (NOg3)2. 6H20 antileishmanial, Herniarin,
wallichianum, antimicrobial, dried Stigmaste, exagoneal [4]
leaves biocompatibility | 100°C, 3 h
A
Camellia Zn (NOs)2. 6H20 9-1 variable [5]
sinensis, photocatalytic
leaves
Zn (CH3C0OO0)2. 2H20 antimicrobial
Raphanus activity 60- spherical [6]
sativus 100
Matricaria
chamomilla
L., flowers Saponins, 148.2
2Qleaeuropae 1M ZnO Alkaloids, 265.4
a, leaves Flavonoids 361.6 cubic [7]
SLycopersicon
esculentum
M., fruits
Camellia Zn (CHsCOO0)z2. 2H20 150°Cc, | = - 853 aggregate
sinensis,leave 5-6 h [8]
Euphorbia Zn (NO& 70°C,20min Alkaloid, partial
hirta, 0 and then Flavanoid, 20-25 spherical [9]
leaves efficiency 80°C, 6 h Saponins
Calliagdra 80°C,2h Acetylamino,
haem ha 03)2.J6H20 photocatalytic | and then Hydroxy hexagonal, | [10]
la, efficiency 90°C,10 h (Mono anddi) | 19.45 wurtzit,
vVes . derivatives flower
Neph n (NOg)2. 6H20 textile, 80°C,2h Polyphenols, | 50.95 needle [11]
lappaceu antibacterial O-H, H-O-H agglomerate
shell activities
Agathosma Zn (NOs)2. 6H20 antioxidant and | room temp, semi-
betulina, cytotoxic 6h, dried at O-H 12-26 spherical, [12]
dry leaves properties 80 °C agglomerate
Zn (CH3COO)2. 2H20 | photocatalytic at 40 °C Phenols,
Celosia degradation, 120 min, Flavonoids, 22-27
Cristata, antibacterial at 300°C, Carbohydrates variable [13]
leaves effect 2h Alkaloids,
Tannins
Cupressus Zn (CH3COO)2. 2H20 | photocatalytic at 60 °C Tannin, This
arizonica,con degradation, 120 min, Gallic acid, 20-50 variable study
es and leaves antibacterial at 400°C, 2h | Caffeic acid
effect
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Footnotes: 1, 2 and 3 refer to the different plants were used.

Biogenically produced nano-sized crystal metal oxides have become one of the most striking subjects of
the scientific world, because they are produced as small particles with a large surface area that are
appropriate for biological applications [14]. Inorganic antibacterial substances are important as they have
potential application areas in sectors such as food, packaging, cosmetics, pharmaceuticals and health. Zinc
oxide, which is accepted as GRAS (generally considered safe) metal oxide by US Food and Drug
Administration (FDA) [15] is among the promising materials that attract notice because of its outstanding
and interesting features, especially because it is suitable for the production of nano-sized particles [16].
ZnO nanoparticles produced by biosynthesis can be applied to a number of different fields, including
antimicrobial applications, wastewater facilities, degradation of toxic compounds and insecgicides [17]. The
antibacterial characteristics of biosynthesized ZnO NPs are by far their most noticeableNeature. These
particles are the perfect antibacterial agent for preventing bacterial infections becausgfof thefysmaller size
and larger surface area. Research on this subject is not sufficient and still conti a biocidal
effect and potent antibacterial capacity due to its physiochemical properties i
Thanks to their small size, ZnO nanoparticles can easily interact with biologi

surfaces and / or bacterial core. Nowadays ZnO is recogni
significant antibacterial activities on a wide variety of bacterial

ey become useful antibacterial and
at protect and increase the shelf life

igides [20]. Within the framework of these results, the
d one of our aims in this research is the produce of

the ecosystem, are resistant to ‘he
methods are used in the j ment of dyestuffs before they are discharged to the
environment, and these developed along with developing technology. In the last

Cupressus arizo B 88) is an evergreen blue tree that can grow up to 0-15 m. The essential oil
obtained from its e8pang Teaves contains tannin and cypress camphor and is very useful and used

water b stewater of various industries such as food, cosmetlcs paint, textile, paper, and others,
which cau pollution.

In this study, our aim is to produce and characterize of ZnO NPs by green technology using alcoholic and
aquoeus concantrate of the leaves and cones of Cupressus arizonica plant and zinc acetate salt, and also to
investigate their antibacterial and photocatalytic activities. In this study, the photocatalytic degradation of
BY28, BV39, MB, BB3 and BR46 textile dyestuffs under different conditions (pH, daylight and UV- light
irradiation time, initial dyestuff concentration, amount of photocatalyst) was investigated by using the
produced CA-ZnO NPs.

2. MATERIAL and METHOD

2.1. Instruments and Materials
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Zn[CH3(CO0)]2.2H20 (zinc acetate dihydrate) was purchased from Sigma-Aldrich. 500 mL of distilled
water were used to dissolve 5 g of zinc acetate dihydrate (Zn-Ac), which was then incubated for 15 minutes
at 30°C in an ultrasonic bath. Both ethyl alcohol and sodium hydroxide (Sigma, St. Louis, MO, USA) were
of analytical quality. Using distilled water, stock dyestuff solutions were made at a concentration of 100
nug/mL. Leaves and cones of the Cupressus arizonica plant were collected from the garden of Yildiz
Technical University in Istanbul (Figure 1).

Figure 1. Images of the plant Cupressus ari ress

All spectral measurements and data processing were performedWysi ble Pam Shimadzu UV-1800
spectrophotometer (Japan). Derivative spectra of the absgrption sRectra re d between 300 nm and 750
i ission electron microscopy
Orius SC200D CCD camera, Model
rticles were soniC&ed with ethanol, and then they were
rt film (Electron Microscopy Sciences, CF200-Cu, 200
JEOL JSM 6510-LV SEM and the JEOL JSM 6335F
alcohol mixture were dropped on the carbon tape,
investigations were made at 15 kV acceleration vo . For functional group analysis, a Perkin Elmer FT-

put on copper TEM grids coated with carbon sup
mesh). The SEM studies were carried out g5i

sing a blender. For the biogenic compound extraction, 50 g of finely
ere weighed, added to a 500 mL beaker containing 300 mL of ethyl alcohol
:1, viv, mL/mL), and stirred for 60 minutes at 80°C at 250 rpm using a magnetic
uspended particles, following 10 minutes centrifugation at 4000 rpm, the extract

2.3. Production of ZnO NPs

To produce CA-ZnO NPs, a 250 mL flask filled with 50 mL of the aqueous: ethanolic (1:1, v/v) extract of
the CA leaf and cones mixture was heated to 60°C. Using a magnetic stirrer, 50 mL Zn-Ac solution was
added dropwise and stirred for an hour at 60°C. The pH of the reaction medium was adjusted to 12 with 2
M NaOH solution and then stirred for another 3 hours. During the reaction period, the solution's color was
seen to change from light brown to greenish- white, signifying the formation of CA-ZnO NPs. Figure 2
demonstrates the stages of biosynthesis. The colloidal solution was refrigerated at +4°C for 12 hours in
order to obtain a clear solution and to finish the reaction. The greenish- white suspension was centrifuged
at 4000 rpm for 20 min. Produced CA-ZnO NPs were washed twice with distilled water and twice with
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ethyl alcohol to remove impurities and centrifuged at 4000 rpm for ten minutes in each case to separate the
nanoparticles. The precipitate was dried in an oven at 60°C before being calcined in a muffle furnace for
two hours at 400°C to convert the generated Zn (OH). and its residues to ZnO. The prepared powder CA-
ZnO NPs was stored at room temperature in a desiccator for use in subsequent experiments. For the
spectrophotometric measurements, 0.001 g of CA-ZnO NPs was weighed, diluted with water to a volume
of 10 mL, and stirred in an ultrasonic bath set at 40°C for 30 minutes. The absorption spectrum of the
solution was recorded in the range of 200 nm - 450 nm. The same study was repeated using ethyl alcohol
as solvent.

Centrifuge process

ek =% B

Cupressus arizonica ZMCacetate  Extraction stage
solution

Calcination stage

CA-ZnONPs

Figure 2. Biosy% ) 4

2.4. Characterization of CA-ZnO NPs

00cm™- 400 cm™ and the UV-Vis absorption peaks
ere used to verify the biosynthesis of CA-ZnO NPs.
s ascertained using TEM, HR-TEM, and SEM

FT-IR spectrum peaks obtained in the
obtained in the wavelength range of 200 nm -
The synthesized CA-ZnO NPs' syrface morpholog
analyses.

2.5. Use of Produced CA, Photggatalyst

, pRotocatalysis is a promising technology. Studies on this technology
ffective wastewater treatment method because it provides the complete

for two hou 00°C, were used. The photo-decolorization efficiency was examined under both daylight

and UV- lig

Formulas and colors of the dyestuffs used in this study are given in Figure 3. A fixed amount of catalyst
consisting of a dyestuff solution of 10 pg/mL and 0.05 g of CA-ZnO NPs was used in the experiments.
Each reaction solution's total volume was maintained at 30 mL. For one hour, the reaction mixture was
agitated in the dark in order to achieve the liquid/solid phase balance. Thereafter, it was stirred for 7 h while
being exposed to UV- light. While the dyestuff solutions were mixed under UV- light, samples were taken
from the environment every hour and absorption and first derivative absorption spectra were recorded in
the wavelength range of 300 nm - 750 nm. Using the relevant calibration curves and the measured derivative
absorbance values, the degree of decolorization of the solutions was computed. The trials were also repeated
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under the same conditions in daylight. In addition, the experiments were repeated under the same conditions
under daylight and UV- light without using ZnO photocatalyst only with 10 pg/mL dyestuff solution.

BASICBLUE 3 BASIC RED 46 BASIC VIOLET 39 BASIC YELLOW 28 METHYLENE BLUE

‘ cu, wm»( e, on,

Q\ ety , CHzceHs ~ ( o Y
q CM’ LN /l\/\ M |a
! CH3 0 ) Y \ ¥
CH{S0, o &

Figure 3. Visuals of dyestff formulas and colors

2.6. Studies on Antibacterial Activity

For the microbial assay, the modified Kirby-Bauer disk diffusion method
of gram-positive Staphylococcus aureus (ATCC 29213) and gram-ne

into it using a sterilized cork borer. The wells that were
concentrations of CA-ZnO NPs solutions. The plates

Ives producing Zn (OH), from Zn-AC solution and CA
this product to yield CA-ZnO NPs. In the accepted

mechanism, the CA extr ¢ molecules (rich in functional groups such as hydroxyl and
carboxyl) such as tan eic acid found in Cupressus arizonica. These phenolic groups
contribute to the transfor C to Zn (OH).. A greenish-white precipitate was formed when

tannin, gallic acj i d other blogenlc molecules in the structure of the CA plant were exposed
to metal ions. TS <
and calcination it
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Figure 4. Proposed mechanism for the reaction in gregp CA P progduction

3.2. Characterization of CA-ZnO NPs

An approach used to assess the optical characteristics -Vis spectroscopy. Due to
quantum restrictions, semiconductor nanoparticles properties from their bulk
counterparts. The CA- ZnO NPs' absorption spectra were t een the wavelengths of 200 nm and
upport the pro ion of CA-ZnO NPs from agueous

y environmentally friendly method. Greenish white
nO NPs meanwhile it was approved by surface plasmon
ge of 340 nm-380 nm. The SPR band of the produced

irms the formation of ZnO nanoparticles (Figure 5).
ously reported literature findings [27, 28].

ethanolic extract of leaves and cones of CA pla
color was first indication of the production
resonance (SPR) band obtained in the w
CA-ZnO NPs showing a distinct peak at 365 nm C

It is apparent that the value found ‘ in line with the p
\

1.43

T

° Absorbance -

200 250 300 350 400 450
Wavelength(nm)

Figure 5. Absorption spectra of CA-ZnO NPs (calcined at 400°C), A: ethanolic, B: aqueous media, inset;
visual of produced CA-ZnO NPs



Mahmure USTUN OZGUR, et al. / GU J Sci, 37(3): x-x (2024)

1T
o
-~ =R % [ =4
- OO ﬁ 7] =
8 — &
T = : :
Lo = g
= oo = -
G Of
v
“f '
«~MO000 T assoo J000 T 2600 2000 1TGoo0 4000 < ©GooO
Wavenumber cm™* i
o2
o 0o
-
& o
g g |
= od g g .
. | =
70 g s 1/, 2
Eo o o
72 (O = =
Looo J&00 J000 2600 2000 4600 T4 o000
Wavenumber cm™® ’
o ——— S —— e
o R
0 O =
..
goc-'
goo“
= 76
2600 3000 2600 2000 4600 14000 oo

Wavenumber ¢ mm”

aqueo olic extract of the cones and leaves mixture of CA plant,
8 dried at H0O°C for 2 h and (C) CA- ZnO NPs calcined at 400°C for 2 h

and cones of CAYD BWE, Figure 6A) and biosynthesized CA ZnO NPs (Figure 6B and 6C).
We can attri %7’ 8een in Figure 6A as follows:3336.78 cm- ( OH stretching), 2973 27 cm?,

2¢59.07 £m? (alkane C-H stretching), 1451.49 cm™ and 1379. 61 cm? (alkane C- H
1! (O-H bending), 1272.82 cm™, 1079.77 cm™ and 1040.75 cm™ (C-O stretching),

88 *H Yending). The hydroxyl group of phenol exhibits a broad peak of stretching vibration
between and 3600 cm™. The peak at 3336 cm™ is assigned to the O-H stretching mode of
physisorbe cular water and can be attributed to the characteristic functional group alcohol O-H

stretching vibPation (likely originating from the residual alcohol) [29]. Comparing these peaks with the
spectra of CA-ZnO NPs, it is seen that there is a decrease in the peak broadening of CA-ZnO NPs.
This band is significantly reduced in Figure 6C and shows a considerable dissociation of the hydroxyl group
after calcination. Peaks in the CA-LCWEE spectrum between 3100 cmtand 2800 cm™ are assumed to be
tensile vibrations of C-H molecules (CHs, CH, etc.). The bands at 1040 cm™* and 634 cm?, respectively,
show the presence of the C-O stretching vibration of alcohol and the C-H vibration of the -CH=CH of the
ethylene system. The following factors are responsible for the peaks in Figure 6B: Alkane C-H stretching
= 2916.68 cm™, 2848.96 cm?, -OH stretching = 3373.69 cm?, and C=C stretching = 1557.97 cm™.
According to Figure 6B, the two low-intensity peaks at approximately 2916 cm™ and 2848 cm™ matched
the symmetric and asymmetric C-H of the aliphatic group. The bands seen in the 1000 cm™*-1600 cm™
range are assumed to be caused by the C=0 and C=C stress vibrations of the aromatic groups found in CA-
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LCWEE and CA-ZnO NPs (Figure 6A-C). Metal oxides usually vibrate at frequencies lower than 1000
cm™, Smaller peaks at 900 cm™ —700 cmwere also assigned to the aromatic bending vibration of C-H
group. The bonds at 1557 cm™ and 1496 cm™ C=C stretch in aromatic rings and C=0 stretch in polyphenols
are shown in Figures 6B and 6C. The C-OH bond is responsible for 1409 cm vibration, the alkane group
for 1374 cm* C—H bending, and the C—H bending for 839.03 cm vibration. The peaks shown in Figure
6C can also be attributed to the following: -OH stretching at 3303.15 cm™, alkane C-H bending at
1496.45cm™ and 1374.79 cm™?, and a second peak at approximately 480 cm™ (Zn-O stretching vibration).
It has been reported in the literature that the absorption peaks seen at lower energy region in the range of
400 cm™— 600 cm™ belongs to the characteristic stretching vibration of Zn-O bond [30]. Prominent peak
at around 470 cm! indicates the formation of CA-ZnO NPs. These findings concur with the UV-Vis
absorption finding. Significant variations in peak intensity, shape, and location following ghe synthesis of
CA-ZnO NPs show that the functional groups of the CA plant contributed to the formatidn€gnd coating of

As seen in Figure 7 and 8, it is impossible to count the particles as they do n do not

conditions and calcinated different temperatures were given in Fi R-TEM Images (with
different magnification) of CA-ZnO NPs, calcined at 400°C, weregbi gure 94 As you can see, as

reaching a diameter of 50 nm.

BEM HV: 15.0 KV
View fleld: 2.08 g
SEM MAG: 100 kx t Porformance in nanospace

wa | B:TEM150°C

= TEY

Figure 8. TEM images taken at 100 nm scale of CA-ZnO NPs biosynthesized at optimum conditions and
calcinated different temperatures
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400nm T 200nm 500nm

Figure 9. HR-TEM images (with different magnifications) of CA-Zn s Nm@c
3.3. Photocatalytic Efficiency of CA-ZnO NPs

In recent years, photocatalysis has been a fascinating subject
method for converting
organic pollutants into mineral products because of its easg of usetnd low requirements. The design

with the goal of creating photoreactors that will improve pho is efficiency. Usually, the efficiency
on the reactors, Bandgap of the photocatalyst and to
semiconductor materials. The most widely usedyphotocatalysts are TiO,, ZnO, Fe;O3; and CdS, etc. In
tron (e-) and a positive hole (h+) are formed by the
absorption of light of a larger energy from aps, followed by reduction and oxidation by e- and
on hole pairs (e—/h+) are created when catalytic

s has been studied as an alternative or complementary process to
hniques, and there is an increasing interest in the studies.

the band the@€m. The mechanism of a typical photocatalytic process consists of four steps: surface
oxidation-reduction reactions, charge separation, translocation, and photoexcitation. At this point, organic
pollutants that are physically bonded to the zinc oxide surface, where photocatalytic degradation takes
place, are attacked by free radicals produced by photoexcitation, particularly the hydroxyl radical. They
quickly convert pollutants into harmless substances such as CO, and H,O [36, 37].
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from absorbance measurements in i . This is why the derivative method is particularly useful
for determining the dyestuffg@isanti ituatighs where turbidity is present or the background absorbance
C igfhe spectra of BR46 (Figure 11), BV39 (Figure 12), and MB

(Figure 13) dyes, thest

(Figure 15) dyes, and this o€ 8P0e eliminated even if the samples are centrifuged. The reason for
this may be the a@)essuff and the amount of photocatalyst taken. As seen in Figures from 11
to 15, since de ali

spectra in the vavelength range of 300 nm -750 nm were used to measure first derivative absorbance values.

The photodecolorization efficiency, symbolized by the color removel, was calculated by detecting the peak
amplitudes at 553 nm, 679 nm, and 667 nm wavelengths for BR46, MB, and BB3, respectively (Figures
11,13, and 14). Peak amplitudes (1D values) in the recorded spectra for the BV39 dyestuff solutions (Figure
12) were measured at 572 nm for the purpose of determining the decolorization of BV39, whereas peak
amplitudes (1D values) in the recorded spectra for the BY28 dyestuff solutions (Figure 15) were measured
at 474 nm for the purpose of determining the decolorization of BY28. Plotting the first derivative
absorbance data against concentration allowed the calibration graphs to be created. Equation (1) was used
to calculate the decolorization efficiency (DE%), and the concentration values were taken from the
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associated calibration graph. All measurements were carried out in dublicate, and the mean values have
been used

Decolorization efficency: (DE %)= (C"C;C‘*) x 100 (1)
0

where C, and C, represent, in mg/L, respectively, the adsorbate's initial and equilibrium (remaining non
decolorized) liqued-phase concentrations.

132 0.009

o
o
o

Derivative
absorbance

==1.0h
20.010 %if:
t“ ==3.5h
=—30min
‘ =N
0.00 (a) b)
300 400 wavelength,nm 599 w0 400 wavelength, nm 590 600
Figure 11 . (a) Absorption and (b) first ivepectra of BR46 solution taken after stirred under UV-
light for different time intervals (amount of CA- Ps: 0.05 g, dyestuff concentration: 10 ug/mlL, inset,

; Absorbance
=)
,5 Derivative o
2 absorbance 2
L =3

0.02

g (a) £0.022
300 400 wovelength,nm 500 700 750 300 400 Wavelength, nm  ©0° 630

Figure 12 . (a) Absorption and (b) first derivative spectra of BV39 solution taken after stirred under UV-
light for different time intervals (amount of CA-ZnO NPs: 0.05 g, dyestuff concentration: 10 ug/mL, inset;
visual of observed color change)
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As observed in Figure 12 that the BV39 dyestuff did not
color was lightened as a result of photocatalytic degr.
solutions containing the same concentration of dye and photoc
NPs) were examined, it was determined that thegfolor decreased les
also observed (Figures 11, 13-15).

UV-VT5 spectra of the other dyestuff
10 pg/mL dyestuff + 0.05 g CA-ZnO
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Figure 16. lﬂ-Vis spectra of A) photocatalyst-free BY28, BV39, MM, BB3 and BR46 dyestuff solutions,
B) BY 28, BV39, MB, BB3, and BR46 dyestuff solutions stirred for 1 h in dark and 7 h under daylight
(amount of photocatalyst: 0.05 g, dyestuff concentration: 10 ug/mL)

Decolorization rates of dyestuff solutions for 10 pg/mL concentration without adding nanophotocatalyst
are the same values after 3 h and 7 h of stirred under daylight (Figure 16a). The decolorization rates found
are; 4.0%, 6.8%, 5.2%, 4.8%, and 16.6% for BY28, BV39, MB, BB3, and BR46, respectively. After 7 h of
stirred under UV- light found decolorization rates are 7.7%, 2.3%, 1.2% and 27.7% for BY28, MB, BB3
and BR46, respectively. For BV39, it was 7.9% after 3 h and 22% after 7 h (Data not shown). When we
look at the photocatalytic degradation rates of dyestuff solutions with CA-ZnO NPs stirred under daylight,
obtained values for BY28, MB, and BR46 dyestuff are the same for 3 h and 7 h. Values for decolorization
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percentages are 13%, 36%, and 21.74%, respectively. For BB3, it was 12.0% after stirred 3 h and 22.0%
after 7 h. For BV39, it was found 42.0% and 49.0% after stirred 3 h and 7 h, respectively (Figure 16b).
Photocatalytic degradation percentages of 10 pg/mL dyestuff solutions with CA-ZnO NP after stirred for
1 h in darkness and 3 h under UV- light were 24.0%, 76.0%, 56.0%, 31.0%, and 26% for BY28, BV39,
MB, BB3, and BR46, respectively and after 7h it was found as 53.0%, 100.0%, 77.0%, 74.0%, and 63%
(Figure 17a). Dyestuff solutions with CA-ZnO NP after stirred for 1 h in darkness and 3 h under UV- light
for dyes that were worked under UV- light, decolorization rates ranged from 24% to 77%, while color
removal of up to 53% -100% was observed within 8 h (mixing for 1 h in darkness and 7 h under UV- light).
Photodegradation completed in 7 h in aqueous solutions of dyestuffs revealed that nano ZnO particles have
significant photocatalytic activity.

A
A 120 —e— Basic Violet 25 —a— Basic Violet
»® Basic Yellow B Basic Yellow
5 100 —&— Methylene Blue 2 —— Methylene Blue
_E —&— Basic Blue —&— Basic Blue
é 80 —&— Basic Red '3 15 —a— Basic Red
S 60 o
= T3
2 40
&
% ” '/**4—*/‘—/
0 (a) 0 (b)
0 1 2 3 4 5 0 1 2 3 4 5
Time, hour Time, hour
Figure 17. Diagram showing (a) the percentage of dyesthation and (b) the relationship
between -In Ct/Co and the time negfled to degrade dyestlff exposed to UV- light

A high decolorization rate has been obser;
decolorization of dyestuff by CA-ZnO

dark within one hour, as shown in Figure 17a. For the
ctra displayed a direct relationship against time, and
Figure 17b depicts a plot of —In (Ct/Co) as a fun f response time. The values of the correlation
coefficient (R?) in the graphsglvere computed are provided below. This demonstrated the
photodegradation of dyes by CA- NPs unddr UV- light, with pseudo first-order kinetics. The high rate
of adsorption is supported b i i
is indicated by correlatiog i loser to 1.0000 in both situations. The results are consistent
with the adsorption pfi€ ) for the dye BY28. It was revealed that the CA-ZnO NPs
decolorize the dyestuff molghi
findings of Nepgoli . , Who noted that most organic molecules are defined by the first-order
kinetics of pseu Jestuffs' kinetics of degradation is as follows.

(R7%0.9884)  (For Basic Violet, from 0.5t0 4 h)
(R>=10.9884)  (For Basic Violet, from 0.5 to 8 h)
(R>=0.9666)  (For Basic Blue, from 0.5 to 4 h)
(R?=0.9367)  (For Basic Blue, from 0.5 to 8 h)

: : (R?=0.7175)  (For Basic Yellow, from 0.5to 4 h)

y =0.1135xp¥0.0931 (R?=0.9009)  (For Basic Yellow, from 0.5 to 8 h)

y =0.1100x + 0.4681 (R?=0.9255)  (For Basic Red, from 0.5 to 4 h)

y =0.1307x + 0.4263 (R?=0.9766) (For Basic Red, from 0.5 to 8 h)

y =0.2876x + 0.4094 (R?=0.9917) (For Methylene Blue, from 0.5 to 4 h)
y =0.1646x + 0.6583 (R?=0.8288)  (For Methylene Blue, from 0.5to 8 h)

A comparison of the results with those reported was conducted in Table 2 by taking into account time and
yield %. The results are consistent with the earlier research, as can be seen.



Table 2. Studies on the photocatalytic activities of green synthesized zinc oxide nanoparticles
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Reducing and Dyestuff Light type Time Yield Reference
capping agent (min) %
Methylene
) blue and
Scutellaria Methyl UV- light 21 96.6-98.2 [39]
baicalensis root | orange
Thymus vulgaris Meg;h/(laene UV- light 30 96 [40]
Hydnocarpus Indigo Sunlight | ------ 83 [41]
alpina carmine
Peltophorum Methylene .
pterocarpum blue Sunlight 120 % A3
Cynarascolymus | Methylene UV- light 240 ]
blue
Lagerstroemia Methyl
speciosa orange )
Sunlight 1 93.5 [43]
ICitrus sinensis
2 Citrus
aurantifolia 195
297
3Citrus paradisi | Methylene | U t 180 377 [44]
4 .
Lycopersicon
esculentum
Pithecellobium 120 63 [45]
dulce
Trianthema 159 91 [46]
portulacast
UV- light 180 70 [47]
blue
Methylene Sunlight 270 88 [10]
haematoctphala blue
BY28? 53.0 %?
MBP 77.0%°
Cupressus BR46° UV- light 420 63 %° This study
arizonica BV39¢ 100.0 %¢
BB3¢ 74.0 % ¢
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Footnotes: 1, 2 and 3 refer to the different plants and a, b, c, d, and e refer to the different dyestuff were
studied

3.4. Antibacterial Efficiency of CA-ZnO NPs

Using the disc diffusion method, the antibacterial effectiveness (AE) of CA-ZnO NPs against E. coli and
S. aureus has been demonstrated in Figure 18 and antibacterial effectiveness results are given in Table 3. It
was determined that ZnO nanoparticles were effective against both bacteria and formed an inhibition zone
varying between 10.0 - 1.0 mm against S. aureus and E. coli. The results of AE showed that E. coli is more
susceptible to CA-ZnO nanoparticles toxicity compare to S. aureus. The agueous extract of the leaves
(sample 3) did not show AE against both bacteria, while the ethanolic extract of the legves (sample 2)
showed AE against both bacteria. Ethyl alcohol extract of the cones (example 1) showe only against
E. coli. ZnO NPs (sample 4, 5, 10, 12) produced from the aqueous extract of leaves shqyved AR only against
re did not
inst both

bacterial strains. ZnO NPs produced from the aqueous extract of the cones also against
both bacterial strains (except for sample 6). ZnO NPs produced from the of cones and
calcined at different temperatures showed AE against E coli (sampledf3), S.aureus (sample 8) and two
bacterial species (sample 7). Photocatalytic studies were continuedavi uedbus\ethanolic extract of

S. aureus and E. coli respectively [18]. ZnO NPs show
strains. In the literature, it has been mentioned that w
are first-order effective on antibacterial activity, the effect of ucture and particle shape is low [48].
Singh and his work group reported that particlegize is an importantYarameter because the extraordinary
physicochemical properties are more pronounce} at smaller sizes, and the ability of ZnO nanoparticles,
which are smaller in size compared to the p6re siz§ in bacteria, to pass through the cell membrane depends
on the size of the nanoparticles [49]. O and, it was observed that the antibacterial activity of
ZnO NPs increased against various gram+ and gragsbacterial strains with decreasing particle size and
increasing concentration [7, 50].

gram+ and gram- bacteria
d nanoparticle concentration

se particles were tested against human pathogen gram+ (S.
aureus, 18 mm) and gr : i aratyphi, 17 mm), Vibrio cholerae (11 mm), E. coli (7 mm)
at they have high antimicrobial effect. But it has been demonstrated that

poparticles a@iigcts their antibacterial effectiveness; it was found that the smaller the
w afibacterial effectiveness [51]. Madan et al. showed that at a certain
AP

the size of ZnO
dimensions, the
concentg#iQn, Zn

agai iella agrogenes (NCIM-2098) and S. aureus (NCIM-5022) but not effective against E. coli
( domonas aeruginosa (NCIM-2242). The differences in the structural and
compo of the bacterial cell membrane of these four bacterial species, as well as the surface
morpholo metal oxide NPs, have been attributed to this selective efficiency on particular bacteria

both structuré and function than gram+ types [52]. Kumar et al. stated that Zn?* delay cell growth in gram+
bacterial cells, interfere with biochemical processes and perform cell death in a simpler way [53]. In our
study, differences were observed in the antibacterial sensitivity of E. coli and S. aureus.

The antibacterial properties of ZnO NPs derived from Camellia sinensis (green tea) have been assessed in
a further study carried out with extracts extracted from these plants. The study showed that the plant extract
had sensitivity to bacteria, with an inhibition zone of 32+ 0.050 mm for P. aeruginosa and 25 +0.100 mm
for S. aureus. The highest activity against the tested bacteria was observed in the extract prepared with
methanol. While the ethanolic and aqueous extract showed almost similar activity after the methanolic
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extract, but no activity was recorded in the chloroform extract [8]. As seen in Table 3, nanoparticles
obtained by using ethyl alcohol extracts are more effective against bacteria.

The high temperature treatment has a significant impact on the antibacterial activity of ZnO particles.
Processing at higher calcination temperatures provides higher activation energy for diffusion and this effect
causes crystalline ZnO NPs to grow and gain a lower property [48, 54]. As seen in Table 3, ZnO
nanoparticles dried or ashed at different temperatures show different antibacterial activity against both types
of bacteria.

Table 3. Inhibition zone diameters (mm) of biosynthesized CA-ZnO NPs

Sample Samples (100uL) S.aureus E.coli
code
number
1 Cone ethanol extract (CEE) 0
2 Leaves ethanol extract (LEE) 11
3 Leaves water extract (LWE) 0 0
4 ZnO NP produced with LWE 0 1
Dried vacuum at 60°C, 4 h
ZnO NP produced with LWE 0
5 Dried vacuum at 60°C, 2 h
6 ZnO NP produced with CWE 11
Dried vacuum at 60°C, 4 h
7 ZnO NP produced with 10 10
11 0
0 0
0 10
0 0
0 11
0 11
11 10
15 nO NP produced with CWE 0 0
Dried oven at 400°C, 2 h

Footnotes: CEE: Cone ethyl alcohol extract, LEE: Leaves ethyl alcohol extract, CWE: Cone water
extract, LWE: Leaves water extract
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friendly method was used for producing
Cupressus arizonica leaves and cones.

conditions for bioproductid , and HR-TEM have been used to characterise the particle size
ynthesized CA-ZnO NPs. Using FT-IR, functional groups have been
O NPs. CA-ZnO NPs produced by using agqueous ethanolic extract of
ed in the photocatalytic studies. In determining the photocatalytic activity
s, BY28, BV39, MB, BB and BR46 dyestuff, which are used in dyeing
industry and are ecologically harmful, were used as model pollutants. The
owed that produced CA-ZnO NPs were able to effectively decolorize the dye
iciency was found to be 53.0% for BY28, 100.0 % for BV 39, 77.0% for MB, 74.0%
for BB and or BR46. Photodegradation completed in 7 h in agueous solutions of dyestuffs revealed
that CA-ZnOQ”NPs have significant photocatalytic activity. Decolorization of the dyestuff molecules
followed the pseudo first-order kinetics. The high adsorption rate was supported by a correlation coefficient
of more than 0.9000. Nanoparticles may have a vital role of wastewater treatment at the present time, when
there are inadequate water supplies worldwide. This article describes the green photocatalytic pathway for
removal of BY28, BV39, MB, BB and BR46 dyestuffs from aqueous solutions using CA-ZnO NPs with
excellent photocatalytic abilities while highlighting its potential application in water treatment. In the
forthcoming years, water shortages can be avoided with the help of this research. In photocatalytic studies,
when absorption spectra used to calculate the dye concentration in the reaction mixture, higher values
obtained due to turbidity. In this study, it was found that taking derivative spectra gave more accurate results
in spectrophotometric monitoring of photocatalysis reactions. The CA-ZnO NPs hold great promise for
removing BY28, BV39, MB, BB, and BR46 dyestuffs from aqueous solutions due to their advantages of
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being produced from a low-cost source, high adsorption capacity, and high photocatalytic efficieny. CA-
ZnO NPs formed an inhibition zone varying between 10.0 - 11.0 mm against S. aureus and E. Coli. CA-
ZnO NPs obtained by using ethanolic extract are more effective against bacteria and ZnO nanoparticles
dried or ashed at different temperatures showed different antibacterial activity against both types of
bacteria.
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