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ARTICLE INFO ABSTRACT

Keywords: This article describes the fabrication of ZnO and 5% Ni*" modified ZnO nanocatalyst (Ni/ZnO) for the photo-
Ni/ZnO catalytic degradation of eosin blue (EB) dye. To demonstrate the successful formation of nanocatalyst and study
EB dye the structural and morphological aspects, as well as the chemical compositions, we employed X-ray diffraction
Photocatalysis

(XRD), scanning electron microscopy (SEM), and energy dispersive spectroscopy (EDS) techniques. The optical
band gap was investigated using Ultraviolet-visible (UV-Vis) spectroscopy, whereas the Zn-O band was revealed
using Fourier transform infrared (FTIR) spectroscopy. To illustrate the optimized photocatalytic conditions for
the degradation of EB dye, the parameters like initial EB dye concentration, catalyst loading, pH effect, and
contact time were investigated. When compared to undoped ZnO and other reported nanocatalyst, the Ni/ZnO
nanocatalyst displayed significantly better photocatalytic performance in the photocatalytic degradation of EB
dye. With 0.8 g/L catalyst loading, 110 min contact period, and 8.0 pH, the photocatalytic efficiency was higher.
Under optimized photocatalytic conditions, the results suggested that a Ni/ZnO nanocatalyst could be a potential
nanomaterial for developing an enhanced doped nanocatalyst for EB removal. To confirm the presence of
reactive oxygen species during photocatalysis, a radical scavenging experiment was performed using benzo-
quinone and isopropyl alcohol scavengers. The reusability of the produced nanocatalyst for four cycles confirms
its stability and efficiency over multiple cycles. Furthermore, the Ni/ZnO was found to have significant anti-
bacterial action against Staphylococcus aureus.

Antibacterial screening

1. Introduction them are extremely toxic and non-biodegradable [15]. Eosin blue (EB) is
a highly poisonous and carcinogenic phenothiazine pigment used in the
dyeing of materials [16]. Traditional methods for removing these

extremely dangerous synthetics, such as adsorption and ozonation, have

Nanotechnology has recently been an important topic for in-
vestigators to build innovative nanoparticle-based devices with inter-

esting applications in material science [1,2]. Drug delivery systems [3],
biomedical [4,5], catalysis [6], imaging [7], sensing [8] and other in-
dustries could benefit from these nanosized materials. Nanomaterials, in
particular, are attractive materials for catalysis applications because
they have huge surface areas and better optical/electronic characteris-
tics than bulk materials [9,10]. The most pressing worldwide issue of the
twenty-first century is the provision of and assurance of safe water for
the entire ecosystem. Water contamination is primarily caused by the
rapid rise of industry [11]. Dyes are an organic compound that is widely
utilised in the textile, printing, and food industries [12-14]. Dye efflu-
ents have a negative impact on the environment, and the majority of
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been tried; however, due to various restrictions, these foreign chemicals
cannot be removed from waste water [17,18]. Decontamination
methods include adsorption [19], biological degradation [20], mem-
brane filtration [21], photocatalytic degradation [22], reverse osmosis
[23], nanofiltrations [24], oxidation [25], and others. Photocatalysis
has a number of advantages above all other catalytic techniques. Re-
action conditions like as solar energy, room temperature, and normal
atmospheric pressure are common and easy to get. In addition, no
harmful substances or by-products are produced throughout the break-
down process. Photocatalytic technology has become a diverse, intui-
tive, and cost-effective technology because the photocatalyst is at its

2211-7156/© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:vishnuadole86@gmail.com
www.sciencedirect.com/science/journal/22117156
https://www.sciencedirect.com/journal/results-in-chemistry
https://doi.org/10.1016/j.rechem.2022.100537
https://doi.org/10.1016/j.rechem.2022.100537
https://doi.org/10.1016/j.rechem.2022.100537
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rechem.2022.100537&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

M.H. Magar et al.

core and numerous materials can act as a photocatalyst [19,22,26-30].

Metals are employed in waste water treatment processes to eliminate
hazardous pollutants without releasing secondary contaminants, which
protects the environment. For semiconductor-based photocatalysis,
solar irradiation is the best natural energy source [31]. Solar irradiation,
on the other hand, can only be used optimally for photocatalysis if a
solar-irradiation-driven photocatalytic system is built. Many semi-
conducting metal oxides have been used in heterogeneous photo-
catalysis, including TiOj, WOg3, BizO3, CuO, SnOj, ZnO, and others
[32-37]. Because of their greater band gap, the bulk of these semi-
conductors require UV irradiation for photocatalysis. When a wide-
band-gap photocatalyst is exposed to UV irradiation with an energy
equivalent to or greater than its band-gap energy, electron-hole pairs
occur.

Due to its unique properties, such as a direct and broad band gap
(3.37 eV) near-UV spectral area, increased oxidation ability, superior
photocatalytic function, and a significant free-exciton binding energy,
ZnO has emerged as the most effective, efficient, and promising choice
in green sustainability practices. ZnO is a wurtzite-structured white
hexagonal crystal. Photocatalysis, cosmetics, paint industries, ceramics,
organic synthesis, and fertilisers are just a few of the uses for this
promising semiconductor material. By regulating the band gap and
expanding the surface area, it has been discovered that modifying ZnO
with various metal and non-metal dopants improves photocatalytic ef-
ficiency [38-40].

Numerous metals, such as Cu, Fe, Al, Nd, Gd, Ag, Sn, Mn, In, Mg, Au,
Ti, and others, are recurrently used as doping agents in ZnO, but nickel is
found to be effective dopant as it promotes visible light absorption by
bringing down the band gap, emits electron-hole pairs, declines the
recombination of these photo-induced charge carriers, provides strength
and stability, improves morphological characteristics, and endorses the
principal metal oxide for the photocatalytic degradation [38,41]. A base
metal oxide’s energy levels are unaffected by a dopant concentration
that is too low and on the other hand its original nature is altered by a
dopant concentration that is too high. Consequently, using the ideal
dopant concentration is crucial for efficient doping. The photocatalytic
capabilities of the metal oxide photocatalysts are discovered to be
enhanced by the 5 % metal dopant concentration [38].

The therapeutic potential of nanoparticles in the realm of bio-nano
medicine to treat diseases is promising [42-46]. To combat the issue
of antimicrobial resistance, several antimicrobial agents have been
designed and are being targeted [47-49]. In addition to successfully
developing novel antimicrobial drugs, organic chemists are aiming to
synthesize a range of powerful heterocyclic compounds [50-54]. The
research from the previous decade has demonstrated that ZnO antimi-
crobials can also be used as effective antibacterial agents.

Gram-positive, spherically shaped Staphylococcus aureus (S. aureus),
a member of the Bacillota, is frequently found in the upper respiratory
tract and on the skin [55-57]. S. aureus is a very common human
pathogenic microorganism that can cause a variety of infectious dis-
eases, including skin and soft tissue infections, and lethal pneumonia
also [57]. S. aureus could be classified as methicillin-sensitive Staphy-
lococcus aureus (MSSA) and methicillin-resistant Staphylococcus aureus
(MRSA) [57]. Smaller sized nanoparticles have higher biological activity
due to their increased surface area bound to cell surface, which is a
crucial factor in biomedical activities that depend on NP size. Further-
more, an appropriate concentration of dopant on biomedical implants
must be used in order to have good antibacterial action without having a
cytotoxic influence [58]. By considering all above vital aspects, herein
we wish to report efficient photocatalytic degradation of eosin blue dye
and antibacterial study using nanostructured zinc oxide and 5 % nickel
modified zinc oxide. The synthesized ZnO and Ni/ZnO nanomaterials
are successfully characterized by XRD, SEM, EDS, UV-Vis, and FT-IR
techniques and employed for EB dye photocatalysis and antibacterial
screening against S. aureus. The Ni/ZnO nanomaterial is found to be
efficient material for photocatalysis and antibacterial activity as
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compared to bare ZnO.
2. Materials and methods

Analytical grade (AR) reagents (Make: SD Fine chemicals) were
purchased from a local source for this study. The chemicals had a purity
of 99.99 percent and thus used without further purification. The authors
used Zn (NO3)2.6H20, Ni(NO3)5.9H50, sodium hydroxide (NaOH), and
deionized water. The general characteristics of the EB dye utilised in this
work are depicted in Fig. 1.

2.1. Synthesis of undoped ZnO nanomaterial by co-precipitation method

The undoped ZnO nanomaterial was made using a standard co-
precipitation method. Zinc nitrate and sodium hydroxide were utilised
as precursors. A 0.01 M aqueous zinc nitrate solution is created in 100
mL deionized water during the synthesis of zinc oxide. Drop by drop, at
80 °C, 0.01 M NaOH solution was added to the zinc precursor solution
until the full 50 mL of NaOH was used to raise the pH of the reaction up
to 12. After complete addition of sodium hydroxide, the white coloured
precipitate of zinc hydroxide was generated, this was whirled at 2500
rpm for 30 min. The resultant solution was filtered using Whatman filter
paper number 41. The resulting residue was rinsed two to three times
with hot water to remove any contaminants. The precipitate was dried
under an infrared light, then transferred to a silica crucible and calcined
in a muffle furnace at 550 °C for 4 h. The white zinc oxide nanoparticles
from the muffle furnace were recovered the next day. The produced ZnO
nanoparticles were characterised and further investigation was
conducted.

2.2. Synthesis of Ni/ZnO nanomaterial by co-precipitation method

Ni/ZnO nanomaterial was also synthesised using the same co-
precipitation process. The main technique for synthesising Ni/ZnO
was the same as described in section 2.1, with the exception of adding
nickel nitrate as a dopant during the synthesis of zinc oxide nano-
particles. Nickel nitrate was added at a rate of 5 mol percent during the
manufacture of Ni/ZnO. The faint green Ni/ZnO nanoparticles were
synthesised using the entire procedure described in section 2.1, with the
addition of 5 % nickel nitrate.

2.3. Antibacterial activity

Agar well difusion assay was used for antibacterial activity of ZnO
and Ni/ZnO nanomaterials against S. aureus as per previously reported
method [58]. The antibacterial activity was taken in 25, 50 and 100 pg/
mL concentrations. In a typical procedure, each dried paper disk
(Whatman filter paper No.1) contained synthesized ZnO and Ni/ZnO
nanomaterials in 25, 50 and 100 pg/mL concentrations. Each disk was
then placed on the surface of the sterile solidified respective agar me-
dium which was spread with 24 h old inoculums. The plates were kept in
the refrigerator for diffusion for 3 h and then transferred to the incubator
at 37 °C for 24-48 h. After incubation, the zones of inhibition around the
discs were measured by the zone scale. .

3. Results and discussions
3.1. Characterization of ZnO and Ni modified ZnO

3.1.1. UV-Vis absorption studies

The UV-Vis absorption spectra of ZnO and Ni/ZnO nanomaterials
were recorded using UV-Visible-NIR-DRS Spectrophotometer V770,
JASCO, Japan. The UV-Vis spectroscopic technique is powerful tool to
access the band gap energy and to affirm the formation of nano-
materials. The specific nanomaterials show specific absorption and thus
its formation can be efficiently predicted. Moreover, the occurrence of a
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Fig. 2a-b shows the absorption spectra of synthesized ZnO and Ni/ZnO
nanomaterials. On the other hand, the Tauc plots are depicted in Fig. 2c-
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Fig. 1. General characteristics of EB dye used in present research.

d for synthesized ZnO and Ni/ZnO nanomaterials. By observing the
UV-Vis spectra and Tauc plots, it has been clearly assigned that nickel
dopant has shifted the absorption maxima to a longer wavelength
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Fig. 2. a-b UV/Visi absorption spectra of ZnO and Ni/ZnO nanomaterials and c-d Tauc plots of ZnO and Ni/ZnO nanomaterials.
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thereby showing bathochromic shift (red shift). ZnO and Ni/ZnO are
having band gap 3.125 eV and 3.075 eV. The band gap is vital parameter
for photo excitation of electrons. Lower the band gap greater will be the
photo excitation of electrons. The nanomaterials with lower band gap
are found to show higher photocatalytic activity than those with higher
band gap. The improved visible light absorption of EB dye in the present
work is owing to the generation of more photo-excited electrons in the
Ni/ZnO nanomaterial, which may boost EB dye degradation efficiency.
The UV-Vis spectrum data clearly revealed that a significant red shift
had occurred in the Ni/ZnO nanomaterial when compared to the
undoped ZnO nanomaterial. The red shift is assumed to be caused by the
presence of nickel doping. The narrowed band gap suggests that electron
transport is inevitable, allowing for facile photocatalysis of the EB dye.

3.1.2. FT-IR analysis

FT-IR spectroscopic analysis is one of the powerful tool to determine
the presence of various kinds of functional groups and chemical bonding
in wide sorts of compounds. FT-IR spectra of ZnO and Ni/ZnO nano-
materials were recorded by FTIR Spectrometer 4600, JASCO, Japan. The
measurements were taken in the range of 400-4000 cm™!. The obtained
FT-IR spectra of FT-IR spectra of ZnO and Ni/ZnO nanomaterials are
given in Fig. 3. The presence of ZnO band is found at 439.69 cm™! in
ZnO and at 426.191 cm ™! in Ni/ZnO. The lowering in absorption band is
attributed to Ni doping into ZnO nanomaterial. No water absorption
peaks in both FT-IR spectra confirms the absence of water molecules
over the surface of prepared nanomaterials.

3.1.3. X-ray diffraction study

Fig. 4a and b show the XRD patterns for undoped ZnO and Ni/ZnO.
CuK1 radiations with a wavelength of 1.54°are utilised to generate the
X-rays, and the Braggs scanning angle on the XRD equipment ranges
from 10 to 90°. According to the data obtained from XRD investigation,
the produced materials belong to the traditional hexagonal wurtzite ZnO
lattice. The Braggs’ reflection peaks are linked to the development of
hexagonal wurtzite ZnO lattice. According to the XRD investigation, the
diffraction peaks for the ZnO material are 31.91°, 34.49°, 36.25°,
47.61°, 56.69°, 62.97°, 68.03°, 69.20°, and 72.65°. The reflection of
typical hkl planes such as (100), (002), (100), (102), (110), (103),
(200), (112), and (201) planes would be attributed to the 20 values.
The average grain size was calculated using Scherer’s formula. Using the
Debye-formula, Scherer’s, the average grain size for undoped ZnO was
calculated to be 23.25 nm, while the average grain size for Ni/ZnO was
calculated to be 20.75 nm.

3.1.4. Scanning electron microscopy study

The morphological properties of ZnO and Ni/ZnO materials were
examined using scanning electron microscopy (SEM). SEM is beneficial
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Fig. 3. FT-IR spectra of ZnO and Ni/ZnO nanomaterials.

Results in Chemistry 4 (2022) 100537

4000 + (a)

>
=
2
S 1500
2
=

1000
500 <4Ak

20 30 40 50 60 70 80
2-Theta (Degree)

12000
10000—- (b)
8000—-
6000;

4000

Intensity (a.u.)

2000+

T ¥ T ¥ T b T ¥ T

20 30 40 50 60 70 80
2-Theta (Degree)

Fig. 4. XRD pattern for undoped ZnO (a) and Ni/ZnO (b).

for examining the morphological characteristics of the processed ma-
terial, such as texture, porosity, and crystal grain appearance. SEM mi-
crographs of ZnO are shown in Fig. 5a-b, while SEM micrographs of Ni/
ZnO are shown in Fig. 5c-d. As seen in SEM pictures, the resulting ma-
terial has diverse size pores along the lattice; grains of various sizes are
thickly agglomerated together. Based on SEM scans, the material looks
to be porous. The produced materials are suitable for photocatalytic
research because they contain pore or interstitial gaps of various sizes
throughout the surface lattice. The materials’ porosity is an important
characteristic for trapping dye molecules. For an effective redox mech-
anism, the dye fragments are retained in place by the interstitial gaps,
and dye degradation happens quickly. As a consequence, the produced
catalyst is effective in photocatalytically removing EB dye.

3.1.5. Energy dispersive spectroscopy study

Energy dispersive spectroscopy (EDS) was used to analyse the
chemical composition of the produced catalysts. Fig. 6a-b shows the EDS
spectra for undoped ZnO and Ni/ZnO, respectively. The doping % was
validated by EDS because the zinc oxide material was doped with iron.
The EDS spectrum for 5 percent Ni modified ZnO is shown in Fig. 6b.
From the spectrum, the peaks for iron and zinc are plainly visible. At 9.0
KeV, elemental zinc resoluted, while elemental iron resoluted at 6.4
KeV. In the inset image of Fig. 6b, the chemical composition of iron
modified ZnO is shown. As expected, the elemental composition is found
as expected.

3.2. Photocatalysis study

The photocatalysis utilizing undoped ZnO and Ni/ZnO over EB color
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Fig. 5. (a-b) SEM micrographs of undoped ZnO; (c-d) Ni/ZnO material.

was inspected. A photocatalytic reactor with mercury light with a force
of 260 Watts was utilized to research the photocatalytic debasement of
EB color. UV spectrophotometer with an UV scope of 200-800 nm was
utilized to quantify changes in EB color fixation. Another significant
variable that decides if colors debase in acidic or fundamental conditions
is pH. After centrifugation, the last absorbance of the supernatant color
fluid was estimated to stay away from obstruction from impetus parti-
cles. Eosin blue color photocatalytic debasement was assessed to happen
at a wavelength of max 520 nm. The fundamental boundaries were fixed
after an intensive examination of the multitude of variables for EB color
debasement at undoped Ni/ZnO. The dye concentration was set at 20
ppm, pH = 8.0, and nanocatalysts fixation was 0.8 g/L. The accompa-
nying optimization addresses the general parameters of photocatalytic
debasement of EB color.

3.2.1. Effect of catalyst dose on % degradation of EB dye

One of the most important parameters in the photocatalysis inves-
tigation is the catalyst dose optimization. The effect of catalyst dose on
percent degradation of EB dye using ZnO and Ni/ZnO is shown in Fig. 7a
and 7b, respectively. The catalyst dose was changed from 0.2 to 1.0 g/L
for both bare ZnO and Ni/ZnO to better understand the optimal catalyst
dose. For this trial, the dye concentration was increased from 20 to 60
ppm. It was discovered that when the catalyst dose was increased, both
ZnO and Ni/ZnO displayed good photocatalytic activity. The catalyst
dosages of 0.8 g/L and 1.0 g/L were shown to be superior in terms of
photocatalytic efficiency. For ZnO and Ni/ZnO, photocatalytic degra-
dation was accomplished at 95 percent and 97 percent for 0.8 g/L
catalyst dosage, respectively. However, the increase in photocatalytic
degradation was just 1 % at 1.0 g/L catalyst dosage. It was obvious that a
catalyst dose of 0.8 g/L was optimal for photocatalytic degradation of EB

dye. The photodegradation effectiveness of both bare ZnO and Ni/ZnO
was observed to decrease as the concentration was increased from 20
ppm to 60 ppm.

3.2.2. Effect of change in pH on % degradation of EB dye

The catalyst surface is greatly affected by change in pH. So it was
important see the effect of change in pH on % degradation of EB dye.
Before investigating the effect of pH, we determined zero point charge
(ZPC) of the Ni/ZnO. TO determine the ZPC, the pH range was set from 5
to 12 in eight reaction vessels using 0.1 M HCI and 0.1 M NaOH solu-
tions, with 0.1 g of fixed catalyst added to each reaction vessel. The
reaction vessels were then kept as it is for 24 h after adding the catalyst,
and the pH of each reaction vessel was then measured. The graph
demonstrates the variation between the fixed pH and the pH after 24 h.
For each catalyst, the intercepting point is the ZPC. The ZPC value for
Ni/ZnO was predicted to be 7.4.The graphs of variation in pH for both
photocatalysts are as represented in Fig. 8. At pH < pHzpc the catalyst
surface is positively and hence it attracts the negative dye species. Hence
the dyes carries net negative charge would attracted between this ranges
their degradation is expected within pHypc value. But, in this investi-
gation EB dye being basic in nature has net positive charge and expected
to be attracted in the pH > pHzpc, i.e in the basic range from 7.4 on-
wards. As per the results obtained the % degradation of EB dye is very
slow from 5 to 7 pH as represented in Fig. 8. But with increment in pH
beyond 7the rapid degradation from 7 to 8.0 pH was observed. The
lower degradation of EB dye below ZPC is attributed to the positive
surface. The repulsion between positive surface of ZnO, Ni doped ZnO
and positively charge EB dye creates electrostatic repulsive force. Hence
EB dye molecules do not form the constructive bonding between posi-
tively charge catalyst surface and EB dye. Ultimately this repulsive force
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Fig. 6. (a) EDS spectrum of undoped ZnO material, (b) Ni/ZnO material.
is responsible to lower degradation at pH < pHzpc,

3.2.3. Effect of initial dye concentration

The dye concentration assessment is a crucial part of the photo-
catalysis investigation in order to set the ideal degradation parameter.
This metric is useful for determining the reaction’s overall contact time
and rate. The EB dye concentration was varied from 10 mg L' to 90 mg
L'! (10 ppm to 90 ppm) in this study, with the optimum catalyst dose of
0.8 g keeping constant for all EB dye concentrations. The rate of
degradation by the evaluated catalyst for EB decreased as the concen-
tration of EB dye increased from 10 ppm to 90 ppm, according to the
overall dye concentration analysis. As the concentration of EB dye in-
creases, so does the accumulation of EB dye on the catalyst’s surface,
which causes quenching between the upper energy state of EB mole-
cules. As a result, photocatalytic degradation of EB dye reduces as
concentration rises. Furthermore, due to the buildup of dye particles on
the catalyst surface, an increase in EB dye concentration prevents pho-
tons from irradiation light from coming into direct contact with the
catalyst surface. The addition of more dye particles on catalyst surfaces
reduces the active sites of catalysts. With an increase in EB dye con-
centration, the photocatalytic degradation is shown to be reduced due to
catalyst inactivity. Fig. 9 shows a diagrammatic representation of the
influence of initial dye concentration.
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3.2.4. Contact time study
The contact time investigation is a key parameter that determines the
real time necessary for photocatalytic dye degradation at various dye
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concentrations. Fig. 10 a-b shows the effect of contact time for various
concentrations of EB dye ranging from 20 mgL” to 60 mgL'l. The dye
degrades quickly at first, with about 80 % of the EB dye destroyed in 110
min. The breakdown of EB dye occurs at a higher pace in the early stages
due to the presence of more surface active sites on the undoped and
doped ZnO catalysts. These surface active sites encourage the catalyst to
degrade at a faster rate. As photocatalysis progresses, dye particles or
molecules accumulate on the catalyst surface, limiting the effective
photon impacting the catalyst surface. With a larger concentration of EB
dye, the accessible active sites and effective photon interaction diminish
even more, and therefore the photocatalytic degradation of EB dye de-
clines with increasing EB dye concentration and time. The catalyst dose
of 0.8 g/L, pH = 8.0, and EB dye concentration of 20 mg/L are the
conditions established for successful degradation of the overall con-
centration of EB dye. The entire contact time for the reaction is 110 min
when all of these parameters are kept constant. Overall mineralization of
the EB dye can be seen at this point.

3.2.5. Detection of ROS by scavenging study

Reactive oxygen species (ROS) are formed during photocatalysis and
play an important part in the dye degradation process. Hydroxide rad-
icals (OH"), 0%, h', and other ROS are the most common. Scavengers
are mostly used to catch ROS in order to affirm the formation of ROS
production. Benzoquinone (BQ = 0, scavenger) and isopropyl alcohol
(IPA = eOH scavenger) are the most often employed species for
capturing these ROS species. The Ni/ZnO catalyst was subjected to a
scavenging examination in this work. Fig. 11 depicts the total scav-
enging study outcome. When the scavenger IPA was added to the re-
action vessel holding the Ni/ZnO catalyst with a specified EB dye
concentration, the rate of photocatalytic degradation was initially found
to be declining. In the presence of a benzoquinone scavenger, the rate of
EB dye degradation was shown to be higher than that of IPA. According
to the results of the overall experiment, the formation of ROS is trapped
by scavengers; resulting in a decrease in the photocatalytic degradation
of EB dye for a Ni/ZnO catalyst.

3.2.6. Reusability performance of prepared photocatalyst

The reusability test is a key characteristic for confirming the
repeatability of the produced catalyst’s test findings. The synthesised
catalyst in this work, a Ni/ZnO catalyst, was used for reusability testing
under UV-Visible illumination with a 260 W voltage and the optimal
parameters of tested EB concentration of 20 ppm, pH = 8.0, and catalyst
dose of 0.8 g/L. The catalyst was initially recovered from the reaction
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Fig. 11. Radical scavenging studies for EB dye at 5% Ni doped ZnO
photocatalyst.
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vessel that had been left following the contact time research. The solu-
tion containing Ni/ZnO catalyst was centrifuged and then Ni/ZnO
filtered with Whatman filter paper 41, then washed with ethyl alcohol
and hot water, and dried for 30 min under an IR lamp and calcined at
appropriate temperature. For the reusability test, the dried catalyst was
used. To reach a firm conclusion of the acquired results, the reusability
test was run four times. The EB dye degradation was observed to be 97
percent in the first run using a Ni/ZnO catalyst. Before commencing the
second run, the catalyst was removed from the reaction vessel and dried
using the same technique as previously described. After refining the
reaction conditions, the EB dye degradation was determined to be 95.3
% in the second run. The percent degradation of EB dye for the same
recovered catalyst was determined to be 93.1 % and 90.7 % in the third
and fourth runs, respectively. The total degradation analysis revealed
that the Ni/ZnO nanoparticles are very stable and robust catalysts when
it comes to the breakdown of EB dye, with insignificant percent degra-
dation variation. The drop in EB dye in each run can be attributed to a
decrease in catalyst surface activity due to much usage, a decrease in
surface area, and a drop in catalyst concentration during the filtration
process. Based on the results of the overall reusability test, Ni/ZnO
catalysts are highly effective, accessible, and stable catalysts for EB dye
degradation. Fig. 12 shows the reusability findings while using EB dye.

3.2.7. Photocatalytic reaction mechanism

Fig. 13 depicts a possible photocatalytic reaction pathway for dye
degradation utilising Ni/ZnO as per previously reported literature [41].
The active species in the photocatalytic degradation of EB dye solution
include hydroxyl radicals, photogenerated holes, and superoxide radical
anions. The photocatalytic breakdown of organic dyes is dominated by
hydroxyl radicals and photogenerated holes. Under UV light, electrons
in ZnO’s valence band (VB) are driven to go to the conduction band
(CB), while the VB releases the same amount of holes (h+). Nickel being
an n-type of semiconductor and base metal oxide ZnO is p-type of
semiconductor. Nickel forms continuum near conduction band of ZnO
resulting in decrease in optical band gap and form strong p-n junction for
the ejection of electrons from the valence band. Moreover, the Fermi
levels of nickel have different energies than ZnO levels so electrons trap
for longer time in these levels and available for the generation of ROS’s
in aqueous medium. Literature confirms that as an optical band gap
decreases and it raises HOMO levels and decreases LUMO levels in
semiconducting material after doping which is an ideal scenario for the
generation of photo induced charge carries (e-/h+). Dissolved oxygen in
aqueous solution functions as an electron scavenger, reacting with
electrons to form active free radicals such as OH, 0%, and others. The

100 1

% Degradation

1 2 3 4
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Fig. 12. Reusability study of Ni/ZnO for EB dye degradation.
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electron donors (Ho0) will react with the separated holes to form active
OH free radicals. Following that, the generated h+ and other free rad-
icals such as OH, 0%, and others attacked surface-adsorbed EB mole-
cules, resulting in discoloration and opening-ring reactions.

3.2.8. Comparison of the prepared catalyst

ZnO-based materials and nanocomposites are employed for photo-
catalytic degradation of various dyes, azo dyes, insecticides, herbicides,
colour shades, effluent from pharmaceutical and chemical waste, and
industrial effluents. The photocatalysis comparison is based on similar
types of ZnO-based materials that have been employed as photocatalysis
for the degradation of various pollutants and dyes reported by re-
searchers so far. The produced catalyst was used as a photocatalyst to
degrade the EB dye. The results for the degradation of EB dye at 20 ppm
dye concentration in a somewhat alkaline environment with a contact
period of 110 min and a catalyst dose of 0.8 g/L are highly promising.
Table 1 shows the results of a comparative investigation of photo-
catalytic degradation of several colours against ZnO-based materials.

3.3. Antibacterial activity

The antibacterial activity of synthesized ZnO and Ni/ZnO nano-
materials was investigated by the Agar diffusion method. The antibac-
terial action of ZnO and Ni/ZnO nanomaterials were tested against S
aureus and the results are depicted in Fig. 14. The synthesized nano-
materials are found to inhibit the growth of S aureus. The antibacterial
activity was taken in 25, 50 and 100 pg/ML concentrations. The anti-
bacterial activity was found to increase from lower concentration to
higher concentration. Importantly, it has been found the Ni/ZnO
nanomaterial possessing comparatively more potent antibacterial action
than bare ZnO. Consequently, Ni/ZnO can be used as an effective anti-
bacterial agent with further modifications.

Conclusions

Eosin blue dye degradation was revealed to be very promising by
employing Ni/ZnO nanomaterial. According to current findings, the Ni/
ZnO nanomaterial degrade the EB dye with high efficacy and a short
time span, which is a positive step towards environmental treatment
applications in laboratory scale batch procedures. Effect of catalyst dose,
effect of pH, effect of dye concentration and scavenging study are key
highlights of the present study. The 0.8 g/L catalyst dose was found to be
optimum for 97 % degradation of EB dye within 110 min at pH = 8.0.
The scavenging study using IPA and BQ revealed the presence of ROS as
active species in the photocatalysis. Numerous virtues, such as plenty of
voids over catalyst surface, concise photoelectric conductivity, sufficient
active sites, and high surface area, are attributed to the excellent pho-
tocatalytic activity of Ni/ZnO towards the EB dye, implying that the
material has excellent potential in actual contaminated water treatment.
Importantly, the synthesized Ni/ZnO is found to be good antibacterial
agents against S. aureus. As a result, present investigation suggested that
nickel modification over ZnO has been proven to be successful, and it
can be employed in environmental as well as antibacterial applications.
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