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Zinc oxide (ZnO), iron oxide (FesO4) NPs, and ZnO/Fe;04 nanocomposites (NCs)
were synthesized using Nigella sativa (NS) seed extracts. These nanomaterials
(NMs) were characterized by multiple analytical techniques like UV-visible
spectrophotometers, FTIR spectroscopy, SEM, and XRD spectroscopy. The UV-
visible spectrum showed 364 nm, 330 nm, and 331nm for ZnO NPs, FesO4 NPs,
and ZnO/Fe;04 NCs, respectively. Moreover, it was confirmed when the samples
were run through FTIR techniques, and it was observed that the availability of
bioactive functional groups was involved in the decline of bulk compounds to
NPs. XRD showed their average nanoparticle size based on applying the formula
of full width at half maximum (FWHM) for ZnO NPs, FesOs NPs, and
ZnO/Fe304NCs at 29.52 nm, 22.08 nm, and 12.82 nm, respectively. In this study,
NPs and NCs reduced Methylene Blue (MB) dye, and a UV-visible
spectrophotometer investigated their catalytic activities. MB dye showed the
maximum absorption peak at 664 nm. The reaction of MB was reduced using
synthesized products with an accompanying color change reaction from blue to
colorless within 60 min at 84%, 86%, and 99.5% degradation for ZnO NPs, Fe;04
NPs, and ZnO/Fe304 NCs with rate constants of 0.00035, 0.00065, and 0.0015
Lmol-1S-1. The 2nd order rate constant was observed in this study. The agar disc
diffusion method was used to investigate the potential antibacterial activity of
synthesized NPs and NCs. This study is best suited for Gram-positive bacteria.
NS seed extract-based synthesis of NCs could be an excellent catalyst and
biological application for environmental pollution.

1. Introduction

property that their surface area increases as per unit
volume. This increased surface area allows these

Nanotechnology deals with nanoparticles related to
atomic or molecular aggregates and characterized by a
size of less than 100 nm. Nanoparticles are made from
different substances. Nanoparticles are essential
because of their fascinating properties and multiple
applications [1]. Nanoparticles also have the unique
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nanoparticles to behave differently from their bulk-
size counterparts. Bulk metal is initially inactive, but
when converted into NPs, it shows some other unique
properties, such as high reactivity [2]. Biogenic
synthesis of metal oxide nanoparticles is unique for
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antibacterial, antimicrobial, biomedical, and so on
catalysts. This study used the biogenic synthesis route
for metal oxide nanoparticles. Nigella sativa (NS) is a
naturally flowering plant in the Ranunculaceae family.
NS seeds are also known by another name, black
cumin seeds, as shown in Fig 1.

Fig. 1. Image Of Nigella Sativa Flower And Its Seed

NS flowering plants have many energetic
compounds, such as proteins, flavonoids, terpenoids,
alkaloids, tannins, ketones, aldehydes, and carboxylic
acids. These energetic compounds may act as reducing
agents in the synthesis of NPs [3].

NS is essential in activities related to biological
factors and therapeutic potential. It possesses a broad
spectrum of activities such as antidiabetic, anti-cancer,
antihypertensive  immunomodulatory,  diuretic,
analgesic, antimicrobial, antihelminthic, analgesics
and anti-inflammatory, mitigate liver injury,
spasmolytic, bronchodilator, gastroprotective, kidney
protective, and antidote properties [4]. NS is regarded
as the primary source of nutritionally necessary
components. Its oil includes various phytochemicals,
including polyunsaturated fatty acids (PUFA), with
potent antioxidant effects and lower sucrose levels [5,
6]. NS plant extract method has shown more and more
cogitation in nanotechnology due to its minimum cost,
maximum efficiency, no morbidity, and eco-
friendliness. [7]. NS extracts are used in conventional
medicine to treat many diseases, like dermis infection,
stomach and heart conditions, pneumonic illnesses,
infections, etc. [8]. However, the seeds and oils of NS
are well known for their most effective activities, like
anti-cancer, antimicrobial resistance, anti-
inflammatory, antioxidant, and stomach protective
activities [9].

The root cause of water contamination is gradually
increasing environmental pollution. When organic
dyes are released from various textile industries,
which make water pollutants, they are caught by
different diseases due to the polluted water utilized by
humans and other animals. And the aquatic ecosystem
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is also being affected by polluted water. The ZnO
nanostructures have many applications in multiple
fields, like ultra-violet lasers, energy transmutation,
gas sensors, enzymes, and information related to the
biomedical sciences [10]. Furthermore, several active
methods, such as deactivation techniques, have been
established to lessen water pollutants. These methods
include filtration, adsorption, alleviation, and
biological treatment, but these all methods have many
side effects on our ecosystem and are not acceptable
for the extensive terminal of pollutants to make water
purified; hence, there is too much need to make pure
and cost-effective water purification techniques [11,
12].

Industries producing textile materials like paper,
plastics, leather, food, and cosmetics also have
negative feedback, making the environment polluted
for living organisms [13, 14]. Industrial effluents
contain harmful substances, such as dyes, heavy
metals, phenolic compounds, and pharmaceuticals;
harmful substances negatively affect the ecosystem
[15]. As we know, water free from harmful substances
is a basic need for humans and other living organisms
to improve their health and survival. Still, globally, it
is observed that most countries have difficulties due to
the inadequacy of clean drinking water [16, 17].

Many metal oxide nanoparticles, like ZnO,
Fes04, TiO2, CuO, etc., are being used to degrade
harmful organic/inorganic dyes from different water
sources [18]. ZnO NPs' strong oxidation capabilities,
large surface area to volume ratio, small particle size,
and adequate band gap energy of 3.37 eV all
contribute to their important role in eliminating
organic dyes from industrial wastewater [19, 20].

Magnetite FesO4 is a most important member of
magnetic nanomaterials; recently, many practical
applications have been introduced, such as catalysis,
magnetic storage media, magnetic field-assisted
separations and analyses, targeted drug delivery, and
different agents in magnetic resonance imaging (MRI)
[21]. At present, non-toxic, environmentally friendly
solvents/chemicals are used, and renewable materials
(ionic liquid) are the most beneficial because having a
great interest in a friendly ecosystem leads to green
chemistry [22, 23].

We also know that the metal oxides surface defects
and interface properties are significant in their
catalytic activities [24, 25]. Due to their optical
qualities, distinct magnetic characteristics,
photochemical capabilities, electrical properties, and
catalytic properties, magnetic nanoparticles (NPSs)
have demonstrated the most significant and intriguing
scientific challenges at this time [26]. The excellent



magnetic characteristics of zinc-ferrite composite
(ZnFe304) give it limitless demand. Zinc ferrite
composites, or ZnFe304, are used in many
applications, including gas sensors, semiconductor
photo-catalysts, anode materials for lithium-ion
batteries, and catalysis [27]. In response to various
gases, such as acetone and ethanol vapors, the
ZnFe204 NPs have demonstrated selectivity,
adaptability, and high sensitivity. The following are
some additional uses for ZnFe204NCs: because of
their superior electrochemical qualities, which include
good cycling performance, high reversible specific
capacity, high specific capacity, and good rate
accomplishment, these NCs are employed as electrode
material for lithium-ion batteries (LIBs) [28].

In this study, we synthesized stable, small-sized
ZnO/Fes04NCs using NS seeds extract. NS itself
served as a capping and reducing agent to promote the
formation of environmentally acceptable NCs. To my
knowledge, ZnO/FesOsNCs of NS extract have not
been studied against azo dye degradation and
antibacterial resistance from wastewater effluents.

2. Experimental
2.1 Chemicals And Reagents

All the chemicals and reagents were used of Analytical
Grade. Zinc acetate (99.999%), Iron (1l1) chloride
hexahydrate (FeCls.6H20, 97.0%), Iron (lI) chloride
(FeCly, 4H,0O, 99.99%), and Sodium hydroxide
(NaOH, 97.0%) were purchased from Sigma Aldrich,
USA. NS seed extract was purchased from the local
market in Hyderabad, Sindh, Pakistan, and was used
as a reducing/capping agent for synthesizing NPs and
NCs. Deionized water collected from NCEAC,
University of Sindh, Jamshoro, was used as a solvent
throughout the research.

2.2 Analytical Techniques

In this study, we used different analytical techniques
such as UV-visible spectrophotometers, Fourier
transforms infrared (FTIR) spectroscopy, scanning
electron microscopy (SEM), and X-ray diffraction
(XRD) spectroscopy for the characterization of green
synthesized ZnO, FesOs, and their nanocomposites
(Fe304/ZnO).

2.2.1 UV-Visible study

UV-visible shows the bonding patterns from
electronic transitions in size, structure, and
composition. We tested the synthesized sample on a
UV-visible spectrophotometer for the initial checkup.
The UV-visible spectrophotometer covered the 800-
200 nm range.
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2.2.2 Fourier transforms infrared (FTIR) study

The synthesized NPs and NCs were run through FTIR
spectroscopy to determine the functional groups. The
synthesized NMs were scratched, collected, and
processed in KBr pellets for FT-IR studies.

2.2.3 Scanning electron microscopy (SEM) study

Prepared samples were run through the SEM
micrographs to understand the surface morphology of
green synthesized ZnO, Fe;0s, and Fe;04/ZnO NMs.

2.2.4 X-ray diffraction (XRD) study

The XRD technique determined the phase
composition and crystalline structure of green
synthesized NMs.

2.3 Methods
2.3.1 Preparation of extract

NS seed extract was prepared by crushing the seed in
a grinder. NS seed powder was washed thoroughly
with distilled water. After that, 10g of the prepared
powder form of the sample was homogenized in 50 mi
of distilled water, and then incubation was performed
at 80 °C for 20 min while the incubation sample was
under constant stirring at 100 rpm. After that, the
obtained product was filtered through 0.2 um filter
paper to remove more impurities. After filtration, the
sample was kept at 4 °C for further experiments.
Finally, NS seed extract was used to synthesize ZnO
NPs, FesO4 NPs, and Fez04/ZnO NCs.

2.3.2 Green synthesis of ZnO NPs

ZnO NPs were prepared by using NS seed extract. A
zinc acetate (0.1M) solution was prepared, and then a
7:3 ratio of zinc acetate and extract was mixed. After
that, the pH of the mixture was maintained at 10, and
the mixture was kept on a hot plate for 20 minutes at
80°C with a constant speed of 300 rpm. After that, the
color of the mixture was changed from brownish-
yellow to white, representing and confirming the
formation of ZnO NPs. In the next step, the solution
was kept to get cooled. After that, the solution was
filtered and made transparent for the UV-visible
technique. The synthesized NPs were washed with
deionized water to remove impurities and then dried in
a petri dish by some heating. The solid ZnO NPs were
collected by scratching a petri dish and stored at 4
C for further characterization.

2.3.3 Green synthesis of FesO4 NPs
The stock solutions were initially prepared as Fe (1)

and Fe (111) were prepared by taking their molarities at
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0.1 M and 0.2 M molar concentrations, respectively.
After that, both solutions were added in 1:1 ratios (3.5
ml of Fe(l11) and 3.5 ml of Fe(ll), and then the mixture
of both solutions (7 mL) was mixed with 3 ml of NS
extract in ratios 7:3. Then 1M NaOH was added
dropwise to the sample, and gradually the pH of the
mixture was checked, and the pH of the solution was
brought to 10. Then, the mixture was kept at 80 °C,
vigorously stirring for 20 minutes. The mixture was
then cooled and allowed to form until the black
precipitate formed. In the next step, the resultant
nanoparticle solution was purified by centrifugation at
10,000 rpm for 12 minutes to make the solution
transparent for the UV-visible technique. The
synthesized NPs were washed with deionized water to
remove impurities and then dried in a petri dish by
some heating. The solid Fe;O4 NPs were collected by
scratching from Petri dishes and stored at 4°C for
further characterization.

2.3.4 Green synthesis of ZnO/Fe;04 NCs

To synthesize ZnO/Fe;04NCs, 5 mL were taken from
the prepared sample of ZnO NPs and 5 mL from the
prepared sample of FesO4 NPs as ratios (1:1). Both
solutions were mixed homogeneously. After that, from
the mixture of both solutions, 8 mL was mixed with 2
mL of NS extract and added to the NaOH solution to
bring the pH to the primary medium. NaOH was added
until the pH of the solution approached the basic
medium pH 10. The mixture was then vigorously
stirred at 80 °C for 20 minutes, and then the mixture
was cooled and allowed to form until the yellow-
brown precipitate formed. In the next step, the
resultant NC’s solution was purified by centrifugation
at 10,000 rpm for 12 mins to make the solution
transparent for the UV-visible technique. The
synthesized NCs were washed with deionized water to
remove impurities and then dried in a petri dish by
some heating. The solid ZnO/Fe3sOsNCs were
collected by scratching from Petri dishes and stored at
4°C for further characterization.

2.3.5 Catalytic degradation of methylene blue (MB)

MB is a common organic pollutant in wastewater from
the dyeing and printing industries. Organic dyes: MB
is an azo dye with benzene rings that is toxic and
durable in the environment. MB is a cationic dye that
is soluble in water. The catalytic activity of the
synthesized NMs (ZnO NPs, FesOs NPs, and
Zn0/Fes04 NCs) was comparatively estimated in the
presence and absence of sodium borohydride (1 mL,
0.5 M NaBH.,). Firstly, an MB solution (25 mL, 100
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mg/L) was treated with the synthesized NMs (0.2 mg)
without NaBHs. The results were obtained with
negligible effect. The progress of the catalytic
reduction was assessed using the UV-visible
technique, and an absorption peak was found at Amax
=664 nm. Then, the MB solution was treated with the
synthesized NMs in the presence of NaBHi. The
results were proved by quickly vanishing the MB
distinct absorption peak at 664 nm.

2.3.6 Antimicrobial activity

The agar-well diffusion method was used to measure
the antibacterial activity. Nutrient agar medium was
made for bacteria, and potato dextrose agar medium
was used for Candida. Subsequently, the two were
transferred onto 25 mL Petri dishes and hardened for
60 minutes. Next, wells were cut in the growing media
using a sterile cork borer (6 mm). Afterward,
suspensions of the strains above bacterial or Candida
medium (tuned to 0.01 optical density) were added to
a sterilized piece of cotton (a swab). At a 50mg/mL
concentration, a cotton swab was streaked over the
growing medium to immunize agar plates. Sterile
distilled water was used to prepare 50 ul of the tested
samples. Subsequently, the plates were incubated for
48 hours at 37 °C using light energy provided by
LEDs. A meter scale was used to quantify the growth
inhibition zone sizes. In this study different ratios of
samples were taken; Gram +ve at 1 ratio of ZnO
NPs/distilled water 2:2; at 2 ratios of ZnO
NPs/distilled water 3:1; at 3 ratios of
FesOs NPs/distilled water 2:2; at 4 ratios of FesO4
NPs/distilled  water  3:1;at 5 ratios of
ZnO/Fes0s NCs/distilled water 2:2; at 5 ratios of
ZnO/Fe;0. NCs/distilled water 3:1; from these all the
cultural media of the Mueller Hinton Agar (M.HA)
where all synthesized samples were applied. Prepared
samples were applied on cultural media of Mueller
Hinton Agar (M.HA) of gram-ve Escherichia coli (E.
coli) and gram-+ve Staphylococcus aureus (S. aureus),
respectively.

3. Results and Discussion

3.1 UV-Visible Study of ZnO, FesO, NPs and ZnO/
FE304NCS

3.1.1 UV-Visible study of ZnO NPs

Fig. 2a displays the synthesized greener ZnO NPs'
UV-visible absorption spectra. The Prepared sample
was run through the UV-visible technique, and the
peak was 364 nm [29]. It represents that ZnO NPs
were prepared.
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Fig. 2a. UV-Visible Absorption Spectrum Of Synthesized
ZnO NPs

3.1.2 UV-Visible study of Fes04 NPs

Fig. 2b displays the synthesized nanoparticle spectra
of UV-visible absorption. The Prepared sample was
run through the UV-visible technique, and the peak
was observed as 330 nm [30]. It represents that Fe;0.
NPs were prepared.
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Fig. 2b. UV-Visible Absorption Spectrum Of Synthesized
FesO4 NPs

3.1.3 UV-Visible study of ZnO/Fe3O4 NCs

The UV-visible absorption spectrum of synthesized
nanoparticles is shown inFig. 2c. The Prepared
sample was run through the UV-visible technique, and
the peak was observed at 331 nm [31]. It indicates that
Zn0/Fes04 NCs were prepared.
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Fig. 2c. UV-Visible Absorption Spectrum Of Synthesized
ZnO/ Fe304 NCs
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3.2 Band Gap Study Of ZnO, Fe;04 NPs and ZnO/
Fesz04 NCs

3.2.1 Bandgap energy of ZnO NPs

ZnO NPs band gap energy was estimated by Eq. 1 to
be roughly 3.39Ev, as shown in Fig. 3a. This value is
consistent with research that has already been
published. The following Eq. was utilized to predict
the energy band gap of synthesized ZnO NPs:

E,= he/a 1)

Eg is band gap energy (eV), h is Plancks constant,
cis light velocity, and A is the wavelength at maximum
absorbance (nm). From the above Eq., the band gap
energy is calculated to be 3.39 eV. Additionally, the
band gap widens when particle size decreases, as
demonstrated by applying absorption spectroscopy.
Band gap energy and absorption wavelength are also
inverse [32].
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Fig. 3a. Band Gap Energy of ZnO NPs
3.2.2 Bandgap energy of FezO, NPs

After several calculations, the band gap energy of
Fes04 nanoparticles was approximately 2.88 eV. This
band gap value denotes the presence of synthesized
FesO4 nanoparticles. Eq. 1 was used to compute the
band gap energy at the specified Fig. 3b. The literature
has reported on the impact of surface shape and its
connection to ZnO synergistic action [33].
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Fig. 3b. Band Gap Energy Of FesOs NPs



3.2.3 Bandgap energy of ZnO/ Fe304NCs

The band gap energy of ZnO/Fe:0, NCs was
calculated at about 2.91 eV by calculating multiple
parameters using eq. 1 [34]. The given value of the
band gap represents the presence of synthesized ZnO/
Fes04 NCs, as shown in Fig. 3c.
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Fig. 3c. Band Gap Energy Of ZnO/Fe;04 NCs

3.3 FTIR Study Of Green Synthesized ZnO, Fe3O4
NPs, and ZnO/Fe3z04 NCs

3.3.1 FTIR study of ZnO NPs

ZnO NPs FTIR spectra were recorded using the KBr
pellet technique. ZnO and IR grade KBr were
manually mixed in a 1:3 ratio to create the samples.
The ZnO NPs FTIR spectra are shown in Fig. 4a. The
Zn-O stretching vibrational mode of ZnO
nanoparticles is attributed to the peak at 475.81 cm™.
Some other additional peaks may be due to O-H, C-H,
Alkenes, C-O, and amide.
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Fig. 4a. FTIR Spectrum of ZnO NPs
3.3.2 FTIR study of Fes04 NPs
FesOs nanoparticle's FTIR spectra were recorded
using the KBr pellet technique. The samples were
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made by manually combining FesO4 and IR grade KBr
in a 1:3 ratio. The FesO. NPs FTIR spectra are
described in Fig. 4b. The Fe-O stretching vibrational
mode of Fe3O4 NPs is attributed to the peak at 616.70
cm. Some other additional peaks may be due to O-H,
C-H, Alkenes, C-O, and amide.
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Fig.4b. FTIR Spectrum of Fe304 NPs
3.3.3 FTIR study of ZnO/Fe3;04 NCs

ZnO/Fe304 NCs FTIR spectra were recorded through
the KBr pellet technique. The samples were made by
manually combining ZnO/Fe;0, NC with IR grade
KBr in a 1:3 ratio. The FTIR spectra of ZnO/Fe;04
NCs were explained in Fig. 4c. In ZnO/Fe304 NCs, the
Zn-O and Fe-O stretching vibrational modes are
attributed to the peaks at 477 and 616.70 cm™. Some
other additional peaks may be due to O-H, C-H,
Alkenes, C-O, and amide.
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Fig. 4c. FTIR Spectrum of ZnO/Fe;04 NCs
3.4. SEM Study Of Green Synthesized Nms
3.4.1 SEM study of ZnO NPs

The powder of ZnO NPs was prepared to study the
surface morphology of ZnO NPs using SEM analysis.
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The SEM image of ZnO NPs, as shown in Fig. 5a,
reports a uniform distribution of nano-structural
features that were formed and more agglomerated.
ZnO NPs were also shown to be primarily horizontal
in shape using the SEM technique, a finding that XRD
further supported. Numerous scholarly works
document the impact of surface shape and its
correlation with ZnO synergistic action [35].
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Fig. 5a. Surface Morphology of ZnO NPs by SEM
3.4.2 SEM study ofFe;O4 NPs

The prepared powdered FesO;, NPs surface
morphology was studied using SEM analysis. The
SEM image of FesOs NPs is shown in Fig.5b,
representing that the FesOs NPs have an equal
distribution of nano-structural features and are more
agglomerated. The particles were mostly hexagonal-
spinel in shape, and more confirmed samples were run
through XRD [36].
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Fig. 5b. Surface Morphology of Fes04 NPs by SEM
3.4.3 SEM study of ZnO/ Fe3O4 NCs

The prepared powder of ZnO/ Fes0s NCs was run
through the SEM for its morphology study. The
morphology study observed that the synthesized
ZnO/Fes04 NCs had mostly flat-like/agglomerated
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shapes, and a typical SEM image is depicted in Fig. 5¢
[37].
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Fig. 5¢. Surface Morphology of ZnO/Fes04 NCs by SEM
3.5. XRD Study Of Green Synthesized NMs
3.5.1 XRD study of ZnO NPs

The crystalline material of the ZnO NPs was used to
analyze them using XRD, as shown in Fig 6a. The
synthesized ZnO NPs were analyzed under XRD; they
synthesized ZnO NPs showed peaks at values of 18°,
24°, 30°, 36.3°, 42.5°,47°, 57.7°, and 62.9° which were
typical for the ZnO structure. The synthesized NPs
were found to be hexagonal close-packed (HCP) in
nature. The marked line of the diffraction peaks
indicates that the synthesized materials are in the
nanometer range. By using the Debye- Scherrer
formula (D = 0.9 X / B cosB), particle size was
calculated, where 0 is the diffraction angle, A = 1.5406
A, and B is the peak at half maximum. The average
crystallite size of prepared ZnO NPs was calculated
using the following eq.2, as mentioned in Fig. 6b [38].

0.89A
B (CosB) (2)

From the Histogram, the average particle size was
found at 29.52 nm.
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Fig. 6a. XRD Patterns of ZnO NPs
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3.5.2 XRD study ofFe3O4 NPs

The XRD pattern of the synthesized FezO4NPs showed
peaks at different values of 28.5°, 33°, 37.6° 46.3°
58.5°, 69°, and 78° which are typical for the Fe3O4
structure as shown in Fig 7a. These firm peaks
indicated the hexagonal shape of synthesized NCs.
The synthesized materials are in the nanoscale range,
as indicated by the line of the diffraction peaks. Using
Scherrer's Eq. in the previously cited Eq. 2, the
average particle was calculated using the diffraction
peaks full width at half maximum (FWHM) [39]. The
Histogram shows that the average particle size was
29.52 nm, as shown in Fig. 7b.
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3.5.3 XRD study of ZnO/Fe;04NCs

The ZnO/Fe3;04 structure, as shown in Fig. 8a, is
typical of the peaks that the synthesized ZnO/Fe304
NCs XRD reveals at values of 31°, 46°, 58.7°, 78°, and
75°. The marked line of the diffraction peaks indicates
the range of nanometers for the synthesized materials.
Scherrer's Eq. computed the diffraction peak's average
particle size using the FWHM. This value is t = 0.9 Y/
(B cosB). The X-ray's wavelength, Y, and its full width
at half maximum, B, are given. These firm peaks
indicated the hexagonal crystalline nature of
synthesized NCs [40]. From the Histogram, the
average particle size was 12.82 nm, as represented in
Fig. 8b.
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3.6 Catalytic Degradation Of Methylene Blue (MB)
Dye Using Green Synthesized NMs

3.6.1 pH Factor

pH is the most significant factor that tests the ability
of a material. In this study, the effect of pH was
observed, as shown in Fig. 9 (a-c). In this study, acidic
medium pH=2, neutral medium pH=7, and basic
medium pH=10 were the results of these individual
results. The result at basic medium pH=10 showed the
highest degradation at 99.5% [41]. The catalytic
activity of the synthesized NMs was comparatively
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estimated in the presence and absence of sodium
borohydride (1 mL, 0.5 M NaBHy). Firstly, an MB
solution (25 mL, 100 mg/L) was treated with the
synthesized NMs (0.2 mg) in the presence of NaBH4
obtained at pH 2, 7, and 10, respectively.

blank

1.2 o —— 0 min
——5 min
—— 10 min

Absorbance (au)
S
A

450 500 550 600 850 700 750 800
wavelength (nm)

Fig. 9a. Degradation Of Methylene Blue Dye At pH=2
using ZnO/Fe304 NCs
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Fig. 9b. Degradation Of Methylene Blue Dye At pH=7
using ZnO/Fe304 NCs
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Fig. 9c. Degradation Of Methylene Blue Dye At pH=10
using ZnO/Fe304 NCs

3.6.2 Time study

Time is the most crucial factor for the degradation of
MB dye. Time has a direct relation with the %
degradation of MB dye. In this study, NCs showed
excellent performance at 60 minutes, which resulted in
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99.5 % degradation, as shown in Fig. 10a. degradation
increases as time increases. The maximum %
degradation was found when the time was reached at
60 minutes, and that was 99.5%, as shown in
Histogram Fig.10b. It is cleanly observed that before
adding a sample of ZnO/Fe30, NCsthe color of MB
was dark blue, but as we added sample NCs its color
from dark blue changed to colorless within 60 minutes
as depicted in Fig 10c.
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——— 5 min

10 min
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20 min
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Fig. 10a. % Degradation of MB With Time (0-60min)
Using ZnO/Fe304 NCs At pH = 10
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Fig. 10b. Histogram Diagram of % Degradation of MB
Using NCs From Omin to 60min

Fig. 10c. Methylene Blue Dye Color Was Changed to
Colorless After Addition of ZnO/Fe3sO4 NCs Within 60min

3.6.3 % Degradation of MB using green synthesized
F6304 NPs

- The % degradation of MB was calculated using
Fe304 NPs, and the maximum % degradation was
found to be around 86% at 60 minutes, as shown
in Fig. 11a.



mOmin m5min ®m 10 min = 15 min m 20 min ® 25 min =30 min
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Table 1

Comparative study of MB dye conversion % in synthesized
NPs and NCs

Fig. 11a. Histogram Diagram of% Degradation of MB
Using FesO4 NPs From Omin to 60min

- % degradation of MB using green synthesized
ZnO NPs: The % degradation of MB was
calculated using ZnO NPs, and the maximum %
degradation was around 84% at 60 minutes, as
shown in Fig. 11b.

Nanomaterial ) ] MB Dye
Time (min) )

catalysts conversion (%)

Zn0O 60 min 84

Fe30. 60 min 86

Zn0O/ Fe304 60 min 95.5

100%
80%
60%

40% —
200 —— —
0%

Omin5min 10 15 20 25 30 35 40 45 50 55 60
min- min- min min - Mmin- Min - min - Mmin  Min min  min

Omin ®5min W 10min @15 min @20 min 25 min B30 min

M 35 min @40 min = 45 min = 50 min = 55 min @60 min

Fig. 11b. Histogram Diagram of% Degradation of MB
Using ZnO NPs From Omin to 60min

3.6.4 Comparison of % degradation using ZnO, Fe304
NPs and ZnO/ Fez04 NCs

In the relevant study, when separately synthesizing
NPs and NCs was applied for % degradation of MB,
the maximum % degradation was found in NCs, as
shown in Table 1.

Table 2

Table representing area of inhibition (mm) and in percentage (%)

3.6.5 Inhibition zone (in mm) of different green
synthesized NMs against drug-resistant clinical
microbes used in antimicrobial testing

The agar well diffusion method was used to measure
the antibacterial activity. Both potato dextrose agar
and nutrient agar (for bacteria and Candida,
respectively) were put into 25 mL Petri dishes and
allowed to harden for 60 minutes. Then, wells in the
growth media were carved using a sterile cork borer (6
mm). Then, bacterial or Candida suspensions (tuned to
0.01 OD) of the strains listed above were added to a
sterile cotton swab. The cotton swab was used to
streak the growth media over the agar plates to
inoculate them. Sterile distilled water was used to
prepare the samples, and a concentration of 50 mg
mL—1 was achieved. Each well was filled with 50 ul
of the tested substances or controls. Under LED
lighting, the plates were incubated for 48 hours at 37
°C. A negative control was created using distilled
water. As indicated in Table 2, the growth inhibition
zones' widths were measured in millimeters and
percentages.

Microorganism Test Zone of inhibition (mm)
strains organisms S. aureus (gram S. albus (gram E. Coli (gram — E. Coli (gram —
+ve) +ve) ve) ve)
ZnO NPs 31 2:2 3:1 2:2
Concentration in (Imm) (---) (-----) (----)
ratios (25%)
(Zones in mm and %) Fez04 NPs 31 2:2 3:1 2:2
(=) () (2mm) ()
(50%)
ZnO/Fe304 1:3 2:2 1:3 2:2
(3mm) () (1mm) (=)
(75%) (25%)

In this study, different ratios of samples were taken
like in Fig.12 (a), Gram +ve at 1 ratio of ZnO
NPs/distilled water 2:2, at 2 ratios of ZnO
NPs/distilled water 3:1, at 3 ratios of FesO4
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NPs/distilled water 2:2, at 4 ratios of FesOq
NPs/distilled water 3:1, at 5 ratios of ZnO/Fe304
NCs/distilled water 2:2, at 5 ratios of ZnO/Fe304
NCs/distilled water 3:1, from these all the cultural
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media of the Mueller Hinton Agar (M.HA) where all
synthesized samples were applied then the maximum
zone was observed at marked 5 it means that ratios of
ZnO/Fe;04 NCs/distilled water 3:1 have shown best
result. In Fig.12 (b), the prepared samples were
applied on cultural media of the Mueller Hinton Agar
(M.HA) of Gram-ve Escherichia coli (E coli) and
Gram +ve Staphylococcus aureus (S. aureus) hereon
Gram-ve S. aureus not much effective result was
observed, hence, in conclusion, it is noticed that
prepared ratios of ZnO/Fe;O4 NCs/distilled water 3:1
is more effective for gram +ve S. aureus as compared
to Gram —ve E coli [42].

Fig. 12b. Examined Pathogenic Bacteria of Gram —ve
From Collected Samples

4. Conclusion

In this study, eco-friendly, greener synthesis of ZnQO,
FesOs NPs, and Fes04/ZnO NCs was accomplished
using the NS seed extract-based aqueous co-
precipitation method. Different analytical techniques
such as UV-Vis, FTIR, SEM, and XRD were used to
characterize the different green synthesized NMs. The

© Mehran University of Engineering and Technology 2024

fabricated NMs were successfully used to degrade MB
and antimicrobial behavior. FTIR peaks further
confirmed the formation of ZnO NPs, FesO. NPs, and
Fes04/Zn0. SEM analysis showed that most of the
particles were agglomerated. XRD showed their
average crystalline size was estimated to be 29.52 nm,
22.08 nm, and 12.82 nm for ZnO, FesO4 NPs, and
Fes04/ZnO NCs, respectively. The prepared NMs
showed the best catalytic and antimicrobial activity,
but NCs represented outstanding applications for
comparing ZnO and Fes04 NPs. The blue color of the
MB dyes was diminished within 60 minutes with %
degradation of about 84%, 86%, and 99.5% for ZnO
NPs, Fes0s NPs, and Fe304/ZnO NCs, and the rate
constant was found to be 0.00035, 0.00065, 0.0015
Lmol*S™. The prepared nanomaterials were applied
on cultural media of the Mueller Hinton Agar (M.HA)
of Gram-ve Escherichia coli (E coli) and Gram +ve
Staphylococcus aureus ( S. aureus ) here on Gram-
ve ( S. aureus ) not much effective result was
observed, hence, in conclusion, it is noticed that
prepared ratios of ZnO/Fe;0, NCs/distilled water 3:1
is more effective for G +ve Staphylococcus aureus (
S. aureus ) as compare to G —ve. E coli. These results
demonstrate the effectiveness of Fes04/ZnO NCs as an
excellent catalyst and Gram +ve antimicrobial. This
synthesized nanomaterial would be applied effectively
for water analysis.
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