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Abstract

The photocatalytic and antibacterial activity of nickel oxide and silver-doped carbon quantum dots
(NiO/Ag-CQDs) composites was investigated against malachite green dye and pathogenic bacteria such
as Staphylococcus aureus (gram-positive) and Escherichia coli (gram-negative). The nickel oxide and
silver-doped carbon quantum dots were prepared through the sonochemical and hydrothermal methods,
respectively. The Ag-CQDs were dispersed on the NiO nanoparticles through the reflux method. The
synthesized nanomaterials were analyzed using various techniques such as XRD, FTIR, UV-Vis spectrum,
PL, and SEM with EDAX. The prepared nanomaterial exhibited 30.12 nm and 1.9 nm particle size for the
NiO NPs and Ag-CQDs, and the equally distributed silver-doped carbon quantum dots throughout the
surface of the NiO NPs were revealed through the SEM representations. From UV-vis spectra, NiO/Ag-
CQDs exhibited an efficient photocatalytic degradation efficiency of 92 % for the MG dye in an aqueous
medium within 135 min. TheNiO/Ag-CQDs composite exhibited antibacterial activity with 20.5 mm and
19.8 mm of the zone of inhibition for the gram-positive and gram-negative pathogenic bacteria,
respectively. The observed results revealed that the prepared nanocomposite could be a potential composite

for multifunctional application.

Keywords - Silver doped carbon quantum dots, Nickel oxide nanoparticle, Hydrothermal, Photocatalytic

activity, Antibacterial activity,and Sonochemical synthesis.

1. Introduction

The environment is increasingly concerned about releasing industrial leachate into untreated rivers
and lakes. Considering the damage it does to aquatic and human health, The ecology is seriously threatened
by hazardous pollutants present in effluents, such as dyes and dangerous bacterial pathogens. To create a
healthier and cleaner environment, developing efficient and long-lasting materials for bacterial growth
suppression and dye degradation is crucial.

Since dyes are released into freshwater resources, they substantially damage the environment since
they are utilized in many industries, such as lambskin, polymers, and textiles. Dyes can be either artificial
or natural. Malachite green is an ectoparasiticide and fungicide that is commonly used in the world’s fish
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farming industry [1]. Although widely used, MG is still a contentious substance because of its carcinogenic,
mutagenic, teratogenic, and respiratory toxicity-causing characteristics [2]. On the other hand, bacterial
pathogens such as gram-positive Staphylococcus aureus and gram-negative Escherichia coli are to blame
for many diseases in both people and animals. More than a century later, Staphylococcus aureus is still a
lethal and adaptable pathogen in humans. Although there has been no change in overall mortality,
staphylococcal infection rates have steadily increased in both the community and hospitals [3]. Moreover,
several extremely virulent E. coli clones possess evolved unique pathogenicity features, enhancing their
adaptability to various settings and permitting them to transmit a range of illnesses. These pathogenic traits
are frequently conserved on genes encoding proteins that may have formerly been mobile but have since
changed to become "frozen" inside the genome or on genetic elements that may be linked with gene
mutations from various strains to produce new virulence factors. Only strong combinations of virulence
factors have been able to identify different “"pathotypes” of E. coli that could infect humans [4].
Nanomaterials have recently sparked attention across a range of sectors because of their unique physical-
chemical characteristics and possible uses. Both metal and metal oxide nanoparticles have different surface,
optical, thermodynamic, and physical properties from their native bulk components, in addition to having
different physical and chemical properties. Reducing, oxidizing, or precipitating agents are employed to
create nanoparticles for making metal and metal oxide nanoparticles [5]. Many types of nanoparticles and
their derivatives have generated much interest because of their conceivable antibacterial characteristics.
Several metal nanoparticles, such as Ag,O, TiO,, Si, CuO, ZnO, and MgO, have antibacterial
characteristics. Many bacterial species were demonstrated to be suppressed by metal nanoparticles in vitro
tests [6]. Metal and metal oxide nanoparticles are one of the most researched nanomaterials for fighting
multidrug-resistant bacteria [7]. Owing to their simple manufacture, nontoxicity, superior biocompatibility,
and simplicity of surface modification, CQDs have a unique family of metal-free fluorescent nanoparticles
that mimic semiconductor quantum dots, attracting researchers’ attention. They have several applications in
various fields, including bacterial imaging and sensor-based, drug and gene transport, catalysis, and
signaling [8]. Past surveys indicate that remarkable electron donors and electron acceptors may be made
from hyper-photosensitive carbon-based quantum dots, such as those made of carbon (CQDs). Nonetheless,
Ni is one of the good materials, and NiO is the focus of our attention. Due to its good thermal stability, low
price, naturally plentiful supply, relatively high rate capability, and environmental stewardship [9]. Several
antimicrobial and biophysical investigations were used to investigate the antibacterial activity of NiO NP.
According to previous research, as compared to gram-negative bacteria, gram-positive bacteria are more
sensitive to the antibacterial effects of NiO NP [10]. Silver has long been used in human treatment as an
antimicrobial. It was developed for use in surgical appliances, bone prostheses, cardiac implants,

purification of water, wound care, and orthopaedic multiple surgeries [11]. And silver possesses a surface
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plasmon resonance feature. That happens when it shows a significant oscillation at a particular light
wavelength. It has high photosensitivity.

In this paper, we use a simple and affordable reflux method to create NiO/Ag-CQDs composite.
Every method utilized to make the nanomaterials was safe for the environment, and many techniques were
used to describe the characteristics of the synthesized nanomaterials. Here, the disc diffusion method
assessed the antibacterial activity against Staphylococcus aureus and Escherichia coli, and their
measurement of antibacterial growth inhibition was shown by a bar graph. The photocatalytic degradation
of the created nanocomposites was looked into while utilizing MG as a model pollutant. UV-Vis

spectroscopy was used to assess the malachite green dye’s ability to degrade.

2. Experimental section
2.1. Materials

All chemicals used were of analytical quality, acquired from Loba Chemie, (India). The primary
components were Ethylenediamine (C,H4(NH,)2), Sodium hydroxide (NaOH), Silver nitrate (AgNO3), and
Nickel nitrate (Ni(NOgz),). All tests and investigations employed deionized water as their synthesizing

medium.

2.2. Synthesis of Nickel Oxide

The primary beaker consists of 5.481g of nickel nitrate dissolved in 300 ml of deionized water, and
the other beaker consists of 0.799g of sodium hydroxide dissolved in 100 ml of deionized water. With the
aid of a burette, the NaOH is added dropwise at a slow speed to the primary beaker. The primary beaker
containing the nickel nitrate was placed in a magnetic stirrer and swirled continuously at a speed of 250
RPM. Until the pH of the primary beaker solution became base, the reduction agent NaOH was
continuously added. After the pH reaches 10, the stirrer is stopped, Then the mixture was sonicated for 1
hrs to dissociate the nickel nitrate precursors solution. After the sonication process, the mixture solution
was kept againg for 24 hrs and take the complete reduction reaction.The mixture was thereafter dried for
eight hours in a hot air oven at 60 °C. To get the high crystalline natural NiO, the dried sample was calcined
at 400 °C for 4 hours.

2.3. Synthesis of silver-doped carbon quantum dot

To make silver-doped carbon quantum dots 3 ml of ethylenediamine was added to 90 ml of H,0O,
along with 0.3 g of silver nitrate, and the mixture was agitated using a magnetic stirrer at a speed of 1000
RPM. The entire solution was transferred to the Teflon-lined autoclave, which was placed in a hot air oven

and heated for 6 hours at 180°C. The resulting solution was allowed to cool to room temperature. Finally, a
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0.22um membrane was used to filter the resultant solution internally to eliminate contaminants and bulk
particles. The prepared high purity of silver-doped carbon quantum dots were collected and shown in Fig. 1.
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Fig. 1. Schematical representation of preparation silver-doped carbon quantum dot.

2.4. Synthesis of Nickel Oxide and silver-doped carbon quantum dot composite

A nanocomposite is created by dissolving 100 ml of deionized water with 100 mg of synthesized
nickel oxide nanoparticles and 5 ml of Ag-CQDs. The combination underwent ultrasonication for one hour.
Then it was poured into a flask with a circular bottom that was attached to the condenser. 80 °C for three

hours of condensation Finally, the nanocomposite solution was heated enough to make it a dry powder.

2.5. Characterization techniques

The behavior of nanoparticles it’s depends on their physicochemical characteristics. Thus, NiO/Ag-
CQDs characterization is crucial to assess the functional characteristics of the created nanomaterials.
Numerous analytical methods are used to characterize the samples, such as the Agilent Cary 8454 UV-
Visible spectroscopy from Singapore, and the X-ray diffractometry (XRD) from PANalytical in Almelo, the
Netherlands, The samples were scanned at a rate of 10s™ in the frequency range of 5.0-90.00° angle (260)
using Cu-Ka as the source of radiation (k = 1.54060 A ) at a voltage of 40 kV (30 mA). the Fourier
transform infrared spectroscopy (FTIR) from PerkinElmer in the United States, the study investigated
functional groups of all prepared material in the natural environment using KBr material as the background.
Photoluminescence spectroscopy (PL), Scanning electron microscopy (SEM), and (EDX) Energy-
dispersive X-ray spectroscopy, were used to look at the shape, surface characteristics, and chemical makeup

of produced nanomaterials.
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2.6. Photocatalytic degradation activity procedure

We measured the effectiveness by the breakdown of malachite green to gauge the ultraviolet light
catalytic efficacy of the newly synthesized nanomaterials. Malachite green dye (C23H25CIN2) was
combined with produced NiO/Ag-CQDs composite materials (100 mg) with 100 ml of deionized water
(diH,0). After adding the nanocomposite, the initial dye concentration is determined using the UV-Vis
spectrum. To test if the malachite green dye breaks down on its own due to the charge carriers from outside
light sources, a 100 ml solution is left in the dark. The deterioration was then determined by having the
beaker exposed to UV light. Frequently, a tiny sample of the liquid was obtained, and the sample's intensity
was calculated using a UV-Vis spectrum. Moreover, ten replicate tests were used to investigate the catalyst's
rate capability.

Ll

Efficiency(%) = (CDC_ C. J %100 (1)
0
where C, and C, stand for the dye's first and last percentages before and following photo-irradiation,

respectively. E% in this equation represents the percentage of dye photocatalyst degradation [12].

2.7. Antimicrobial study
2.7.1. Collection and culture preparation

The anti-bacterial performance of the NiO/Ag-CQDs nanocomposite was evaluated using the
Kirby-Bauer disc diffusion susceptibility test. Testing was done on gram-negative Escherichia coli and
gram-positive Staphylococcus aureus bacterial strains to determine the nanocomposite's antibacterial
effectiveness. The National Chemical Laboratory in Pune, India provided the Staphylococcus aureus
(ATCC 6538P) and Escherichia coli (ATCC 9677) bacterial cultures that were utilized to discover CSG
scaffolds. During earlier research, nutritious agar medium (MO001, HiMedia, Bombay, India) bacterial

cultures were stored for subculturing at 4°C in a freezer.

2.7.2. Bacterial growth inhibition test

In a conical flash, 3g nutrient agar was dissolved in 250 ml water. which were sealed with cotton
plunge and then it was placed in an autoclave together petri dish also placed which were heated for 30
minutes. 20 to 30 ml of agar were added to each disc after 10 minutes, and once they had cooled to room
temperature, the agar medium solidified. Cut a few little circles for the porous nanocomposite zone. The
swabs are used to transmit each bacterial in each disc. It was gently swiped across the entire area of solid
nutrient agar to disseminate the bacteria after being dipped into the cultivated bacteria, by following the
placement of the standard cotton disc. In 5 ml of distilled water, 2 mg of the prepared nanocomposite was

dissolved. 5uL, 10uL, and 15uL of the produced nanocomposite were pipetted into the porous Petri dish
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using a micropipette. The laminar airflow chamber served as the setting for this exchange. The plates were
inverted and put in an incubator at 37°C for 24 hours. Following the overnight incubation, the antibacterial

agent sample is surrounded by a clear zone known as the inhibition zone, which is seen and quantified.

3. Results and discussion
3.1. Optical absorption and energy band gap of prepared nanoparticles

UV-Vis and photoluminescence spectroscopy were used to examine the produced nanomaterial’s
optical characteristics. Fig. 2 illustrates the prepared nickel oxide test results revealed a Amax peak at 308
nm [13], along with a slight shift absorbed in the visible area, indicating that the prepared NiO
nanoparticles have grown in size due to a narrowing of the band gap. And the synthesized Ag-doped carbon
quantum dot showed a Amax absorption peak at 300 nm [14], finally, the reflux approach prepared
nanocomposite exhibits a significant absorption peak at 300nm. Fig. 3 shows the prepared Ag-CQDs emits

fluoresces vivid blue when exposed to 365 nm of the UV lamp.
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Fig. 2.0ptical properties of NiO NPs, Ag-CQDs, and NiO/Ag-CQDs under UV-Vis spectrum
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365 nm of uv \
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Fig. 3. Under UV irradiation, a produced Ag-Carbon quantum dot generates blue fluorescence.

The following equation describes the relationship between the absorption coefficient (a) and the
semiconductor's optical bandgap (Eg).
ahv:C(hv—Eg) @)

Here, C is constant, the absorption coefficient is denoted by a, the photon energy is denoted by fv,
and the x value is denoted by 2 or 1/2 depending on whether the transition is direct or indirect [15]. The
development of the indirect gap selection rule with the size is among the most fascinating and ongoing
subjects in semiconducting nanostructured photophysics [16]. Employing the tauc relation equation the
synthesized silver doped carbon quantum dots and nickel oxide had band gaps of 2.47eV and 3.77eV,
respectively. The stated Eg levels for NiO range from 3.6 to 4.0 eV [17]. The Eg4 of a semiconductor nickel
oxide typically lies between the metal d states in the E. and the O 2p levels in the E,. It is commonly known

that the maximum E, state for nickel oxide comes from the O 2p states, whereas the least E. state comes

from the Ni 3d states [18].

NiO)| Ag-CQDs
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Fig. 4. Emission of prepared nanomaterials investigated using photoluminescence spectrum.

Deep-level defect-related 380-700nm visible emission and (NBE) UV emission are two subgroups
of PL that are used to study the excitation and recombination of electrons [19]. The emission behavior of a
carbon quantum dot typically occurs below the visible range and is dependent on the activation of an
electron in the valence band. As shows in Fig. 4, the maximum emission was at 395 nm for Ag-CQDs.
Between 340 and 510 nm, NiO photoluminescence emission spectra were recorded [20].

An electron can be promoted from the E, to the E as a result of a photon being absorbed by the
nanomaterials. The fiv must be equal to or higher than the energy gap between the E, and E. to permit this
transformation. The consequence is the formation of the exciton, which is an electron-hole pair [21].
Thevisible NiO emission is caused by an electron going via radiative recombination, which fills the

oxygen’s vacant positions with a photogenerated hole. Nanomaterials’ electron transport characteristics are
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also greatly influenced by their size. The amount of energy needed to add additional charges to a stretched

crystal remains constant [22].

3.2. Structural and functional characteristics of prepared nickel oxide and Ag-doped carbon

quantum dot nanoparticles.

—— NiO/Ag-CQDs|
3 * (111)
s Ag-CQDs
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)
% (002) (020)
=
(002) .
NiO
(202)
T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90

Angle (26)

Fig. 5. XRD pattern of prepared nanomaterials.

Fig. 5. lllustrates the XRD patterns of synthesized NiO NPs, Ag-CQDs, and composite. It works by
shining incident X-rays on a material, which scatters the light at a predetermined angle of 20 and then
absorbs the intensity of the radiation. The powdered nanoparticle sample's X-ray diffraction pattern clearly
distinguishes peaks of 37-34°, 43-34°, 63-12°, 75-62°, and 79-54° are associated with different diffracting
planes [111], [200], [220], [311], and [222] about cubic NiO crystallites. The Debye-Scherrer method is
used to determine the size of crystals (D). It is used.

0.94

D= ey o )

The K, also known as the Scherer's constant (K=0.94), 0 is Bragg’s angle, B is the full width at half
max (FWHM) of the peak intensity and X is the X-ray wavelength (1.54178A) [23]. The cubic phase of
NiO (JCPDS Card 073-1519) with a lattice constant of 4.1700A was formed, cubic structured phase (a = b
=c=4.170A & o =B =y = 90°) and the space-group Fm-3m (225) can be identified from the observed
XRD patterns of produced NiO-NPs. The additional peaks designated as Ni,Os that were seen at angles (26)
of 29.46° and 56.55° correspond to [002] and [202] phases of crystal respectively. Moreover, there are two
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additional peaks for nickel that are related to the crystal phases of [311] and [111] at peaks of 38.95° and
48.04°.

The micrograph additionally shows the crystallite aggregation. The nanoscale of the crystalline
particles may be the cause of the agglomeration. Since the outermost energy of the tiny particles is high,
they combine to reduce their external energy throughout crystal formation [24]. Also, the [002] diffraction
peak at 26.63° is strongly related to carbon, despite two high-intensity peaks for [111] and [020] at 38.06°
and 44.33°, respectively, indicating the presence of silver. The XRD analysis of the composite made using
the reflux method revealed three distinct peaks, a small diffraction peak at 26.6°, which denotes the
presence of amorphous carbon, a sharp peak at 38.9°, which is slightly increased over nickel oxide and
denotes the presence of Ag and a second silver peak at 44.33 °, which is overlapped in NiO.
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Fig. 6. FT-IR spectrum of NiO nanoparticles, Ag-CQDs, and nanocomposite.

Fig.6 Shows the FT-IR spectrum was utilized to identify the functional group in composite, silver-
doped carbon quantum dots and produced nickel oxide. Here, the peak at 3400-3300, 1630-1635, and 1385-
1380 cm™, which are all absorption bands that respect strong O-H stretching, stretching vibrations of the C-
C group, and medium C-H bending, is slightly comparable in all synthesized nanomaterials. The NiO FT-IR
spectra revealed absorption bands at 2425.63, and 840.22 cm™, which correspond to medium O=C=0
stretching and C=C bending, respectively, and the favourite band of below 800 cm™, which denotes internal
metal vibration. The peak for nickel oxide's stretching vibration is at 611.02 [25], while its bending
vibration is at 525.34 cm™, respectively [26].

After lyophilizing the Ag-CQDs solutions, FT-IR analysis was carried out. The functional groups
with mild C-N stretching amine, strong C=C bending, and strong C-O vibration, respectively, it has been

demonstrated that it is brought on by moisture-absorbing water molecules, are represented by the
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absorption bands at 1087.85, 686.66, and 470.63 cm™, respectively. The results suggest that Ag-CQDs top
layer contains functional groups like oxygen and many others. The NiO/Ag-CQDs composites FT-IR peaks
display an absorption band at 2425.07, 1790.35, 1032.67, and 840.36 cm™ that respected to exhibits strong
O=C=0 stretching, strong C=0 stretching, C-N stretching, and medium C=C bending. These completely
absorbed bands demonstrate the composites good bond.

3.3. Particle surface morphology and elemental analysis.

Fig.7 Shows the created silver-doped carbon quantum dot as well as the nanostructure and
morphology of the nanocomposite site are examined using scanning electron microscopy, which preserves
the picture of the nanoparticle. quantum confinement occurs as particle size becomes the same or smaller
than the rgonr radius, the average free route length of electrons, or the electrons charging Coulombic activity.
As a general rule, quantum size effects start to show up in materials when the crystallite size drops below
10 nm [27].

Validates the size and form of the particles in the Ag-CQDs. The majority of the Ag-CQDs are
spherical and as-prepared size distribution of around 1.97 nm. The quantum dot's diameter and form define
its discrete fiv levels. As an electron relaxes from an excited state to a lower energy state in a 1-2 nm
quantum dot, the energy levels are such that the electron produces a photon of blue light. Moreover, the
prepared nanocomposite's optical picture demonstrates shows equally distributed the silver-doped carbon
quantum dots are throughout the nickel oxide. Moreover, the following picture displays the manufactured
nickel oxide stacked layer morphology. The prepared nickel oxide has an average size of around 30.98 nm.
The non-stoichiometric makeup of the nickel oxide particles is to blame for the little shifting of the lattice
angle [28].Fig. 8 Shows the element mapping performed using energy-dispersive X-ray spectroscopy (EDS)
demonstrates the prevalence of the element in Ag-CQDS. Here, the Ag-CQDs display the prepared QDs
does not contain any other impurity.
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Fig. 7. FESEM picture and computed histogram of particle size of Ag-CQDs (a & b), NiO/Ag-CQDs
(c), and NiO (d)

18000 -

16000 -

14000 -

12000 -~

10000 4 Element ‘ Weight % Atomic %

[ 76.40 81.95
8000 O K 22.20 17.88

. AglL 139 017
6000 -

4000 | Ag
2000 - o
- Ag
0 . . ,

keV

Fig. 8. Elemental composition of prepared Ag-CQDs.

3.4. Photocatalytic activity of NiO/Ag-CQDs

Under the influence of UV light, the photocatalytic performance of nickel oxide and silver-doped
carbon quantum dot composites were examined for the degradation of malachite green solution. Here,
produced nanocomposites at a 1 mg/ml concentration were added to a 100 ml solution of malachite green.
These aqueous suspensions were stirred for 30 minutes in the dark to achieve the equilibrium between
absorption and desorption, and then the aqueous solution was transferred to ultraviolet light for
photocatalytic activity, every 15 minutes, 2 ml of the aqueous solution was collected to conduct
photodegradation assessments under the influence of UV-Vis spectrum. The Malachite green concentrations
were identified using a UV-Visible spectrophotometer, with the maximum peak absorbed at 619 nm.
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Fig.9. Demonstrates the effectiveness of breaking down malachite green dye by nickel oxide, silver-
doped carbon quantum dots, and nanocomposites. During 75 minutes of ultraviolet light exposure. Our
findings show that higher degradation performance is optimum for composites. Ag-CQDs were added to

nickel oxide to increase their photocatalytic activity.
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Fig. 9. The photocatalytic performance of prepared nanomaterials in 75 minutes.

The malachite green dye color significantly faded within the first 15 minutes of exposure, and the
decolorization rate increased to 37.6% over the subsequent 15 minutes of reaction. After fifteen minutes,
the rate of decline accelerated more slowly and virtually linearly. Using the UV spectrum, the intensity
changes were measured which are shown in Fig.10. The dye ultimately lost its color after 135 minutes of
exposure to UV irradiation, even in a combination of low-concentration Ag-doped carbon quantum dots. By
preventing charge recombination, the catalytic capacity of NiO/Ag-CQDs is attributed to photogenerated

electron-hole pairs.
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Fig. 10. Photocatalytic performance against malachite green dye.
The electron-hole produced by light is thought to be the catalyst for Ag-CQDs/ NiO's catalytic
activity. Fig. 11 Shows a mechanism of significant decomposition and detoxification that occur in the

composite when the light is irritated on it. An electron is freed and goes from the E, to the E; when light

energy is radiated on the nanocomposite, specifically on nickel oxide, by the electron's moment, which

creates a hole behind. By preventing charge recombination from producing photosensitive sites, the
liberated electron transfers to fill the hole of Ag-CQDs photogenerated electron-hole pairs. The
photogenerated charge carriers are thermodynamically prone to join due to Coulombic attraction. Hence,

preserving active charge carriers while also preventing their recombination is the best course of action [29].
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Fig. 11. Degradation mechanism of NiO/Ag-CQDs against malachite green dye under UV irradiation.
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Fig. 12. Percentage of malachite green dye Degradation by NiO/Ag-CQDs

As a result, the oxygen was struck by the expelled electron, turning it into a super oxide anion (O;")

as a by-product, the composite surface became positively charged. Hence, it takes an electron from the H,O

to fill the hole that exists. After losing one electron, the water turns into a hydroxy radical (-OH). As a

result, the produced O, and -OH were cracked and broke down the malachite green dye. The mentioned

factors cause a rise in photogenerated oxidation and -OH, which improves the degrading efficiency quickly.

Correspondingly, while utilizing 1 mg/ml under UV light irritation for 135 minutes, Fig .12 shows the

degradation rate might reach 92%.

3.5. Pseudo-first-order kinetic studies for dye degradation
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Fig. 13. -In(C/CO0) curve of NiO/Ag-CQDs.
As illustrated inFig. 13, Pseudo first order decomposition kinetic processes are used to describe the
photocatalytic degradation of produced NiO/Ag-CQDs against malachite green dyes. A equation is used to

explore the kinetics of pseudo-first-order deterioration.

- In CCD = Kt (4)

As Malachite green is exposed to radiation, its concentration rises to a new level called C:. K is the
apparent rate constant, initial concentration is MG dye is Cy and t is the exposure duration [30]. The
hypothesis viability is shown by the crossline confirmation of the origin and its 0.97 adjustment coefficient.
Hence the rate of a reaction constants for the composite were determined from the slope of the yielding
results using linear regression, and they were found to be 0.01685 min™ for NiO/Ag-CQDs.

3.6. Antibacterial activity of NiO/Ag-CQDs

E.coli S.aureus

Fig. 14. Antibacterial activity of NiO/Ag-CQDs ability to inhibit the growth of E. coli and S. aureus
bacteria

Fig.14. Illustrates an experiment using the synthesized NiO/Ag-CQDs. The samples show excellent
antibacterial action versus Gram-negative bacteria Escherichia coli and gram-positive bacteria Bacterial
Staphylococcus aureus. In contrast to composites, the inhibition zone diameter is displayed.
Nanocomposites can kill bacteria by generating reactive oxygen compounds like O, and hydrogen
peroxide anions (H,O) that interact with the cell wall of bacteria and harm the cell membrane, restricting
further pathogenic bacteria growth and causing internal cellular parts to leak out, eventually contributing to
bacterial death [31].

The accidental production of O, and H,O, occurs in the cytoplasm predominantly as a result of O,
coming into contact with different redox enzymes which contain solvent-exposed flavins [32]. The
generation of ROS, rupture, and penetration of the bacterial cell membrane and wall, development of
oxidative stress with DNA/RNA damage, modification or suppression of key cell proliferation, and
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induction of cell stress to proteins and other intracellular macromolecules [33]. Because of their positive

charge, nickel oxides can enhance the adherence of negatively charged bacteria to surfaces [34].

30

| Sl Escherichia coli
Staphylococcus aureus

N
o
]

N
o
]

—_
o
1

Inhibition zone (mm)
o
|

5 uL 10 pL 15 pL
Concentration of N1O/Ag-CQDs

Fig.15 Growth inhibition assay E. coli and S. aureus.

Table.1
Zone of Inhibitions
Inhibition zone
Dish/Volume 5ul 10ul 15ul
Escherichia coli 15+ 0.45 16.6 £ 0.17 19.2+0.28
Staphylococcus aureus 17.6 £0.31 18.3+0.29 20.7 £0.38

Fig. 15 shows the zone of inhibition, Gram staining is a way to differentiate between the two kinds
of bacteria. Due to the impenetrability of the cell wall, gram-negative pathogens are much more susceptible
to antibodies. Table. 1 shows that opposed to Escherichia coli, Staphylococcus aureus exhibits a significant
zone of inhibition here. Because of the electrostatic interaction of nanocomposite to the cell wall of bacteria,
disruption of biological membranes, modification of ventilatory supply line and many permeability-
dependent responses, generation of free ROS, promotion of electrostatic interaction between both the
positive charge nanomaterials and negative-charged bacteria cells, and subsequent breakdown of bacterial
structural proteins [35]. The produced nanocomposite exhibits a robust inhibition zone against both gram-
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positive and gram-negative bacteria, while gram-positive bacteria exhibit a significantly greater inhibitory
growth. By creating oxidative stress from the nanocomposite, it kills bacteria.
4. Conclusion

In conclusion, the synthesized a stacked layer of nickel oxide utilizing the sonochemical method
and a simple hydrothermal manufacturing approach to manufacture exceptionally blue fluorescence silver
doped carbon quantum dot species. The NiO/Ag-CQDs composite offers a number of enhancements,
including more catalytic active sites and improved photocatalytic reaction activity. Because of using Reflux
condensation equally dispersed Ag-CQDs formed on stacked layer nickel oxide, which improves the
reactivity of the specimen with -OH and O;". As a result, in 135 minutes of UV irradiation, an effective
photocatalytic process of malachite green dye degradation was achieved at 92%.The antibacterial activity
of prepared NiO/Ag-CQDs nanocomposite shows the higher zone of inhibition,
comparativelyStaphylococcus aureus, a gram positive bacteria, has a greater zone of inhibitions than
Escherichia coli, a gramnegative bacteria, according to the antibacterial examination. Hence, the obtained
findings convincingly demonstrated that the synthesized nanocomposite could be a composite with

potential for multifunctional use.
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