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Abstract:

Green synthesis of NiIONPs, CUONPs and NiO/CuO nanocomposite were prepared by
using hydrothermal method using Sapthodea campanulata leaf extract, which has been used as a
stabilizing agent and reducing agent. Sapthodea Campanulata is widely available in India. The
newly synthesized nanocomposites were characterized by various instrumental methods such as
UV-vis spectroscopy (UV-vis), Fourier transform-infrared spectroscopy (FT-IR), and X-ray
diffraction (XRD), scanning electron microscopy (SEM) and energy-dispersive X-ray
spectroscopy (EDX), High Resolution-Transmission Electron microscope (HR-TEM). The
nanocomposite shows a granular shape with face-centered cubic structure of CuO and NiO. The
nanocomposites were photoactive and can be used efficiently as catalyst for degradation of
Methylene blue (MB) under visible light irradiation at various times from 0 to 90 min. The
percentage of degradation of efficiency was found to be 85%, 92%, 96% for NiO, CuO and
NiO/CuO respectively. The higher MB degradation efficiency was exhibited by NiO/CuO
nanocomposites (96%). The photocatalytic degradation of MB is based on a pseudo-first-order
kinetic model and kinetic rate constant is higher for NiO/CuO nanocomposite (0.0884 min-1)
than CuONPs (0.054 min™) and NiONPs (0.0234 min™). NiO/CuO nanocomposite proved a
good photocatalyst and better stability for eliminating pollution in water. Using an agar well
diffusion technique, CuO/NiO nanocomposite was recorded better anti-bacterial activities against
both Zone of (E.coli for 20 mm) and (S.aureus for 18 mm) bacteria than ZnONPs and CuONPs.
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1. Introduction

Methylene blue dye widely utilized in various industrial applications such as paper,
textiles, leather, food, cosmetics and plastics. These factories discharge sewage into drinking
water, polluting the water and creating high levels of toxins that could affect humans and animals
[1]. MB has been a factor for many diseases like due to their toxicity, mutagenic ability,
carcinogenicity, methemoglobinemia, confusion, vomiting and profuse sweating [2]. To
overcome these problems, several methods have been developed for the removal of MB dye
from water. These methods included adsorption, biosorption [3-6], coagulation [7],
electrocoagulation [8], liquid-liquid extraction [9], ultrafiltration [10], biodegradation [11],
plasma discharge [12], phytoremediation [13] and catalytic reactions [14].

The methods of treatments have suffered some disadvantages such as high cost, time-
consuming, and less feasibility [15]. Nowadays, photocatalytic techniques are used for the
degradation of MB dye at a low cost. The catalyst can be simply collected after the reaction. The
advantages of these techniques are simple operation, complete degradation and mineralization
[16]. Advance oxidation process (AOP) of photocatalyst method has been suggested for efficient
treatment of waste water treatment using sun light under photocatalyst and this process can
break down toxic molecule into non-toxic molecules under light irradiation [17]. Many types of
semiconductor nanomaterials are used as photocatalysts such as TiO; [18], ZnO [19], ZnS [20],
NiO [21], CuO [22], Fe;03 [23], MnO [24], WO3 [25], VO4 [26] SnO; [27], CeO, [28], C0304
[29] n-type and p-type semiconductors has exhibited better degradation of dyes and organic
pollutants from wastewater [30,31], However, these were shown to have a very high electron-
holes recombination rate and have limited application.

Using metal oxide nanocomposites, the photocatalytic activity of metal oxides can be
improved by reducing the electron-holes charge recombination rate and improving the activity
under visible light irradiation. For these reason, various mixed metal oxides nanocomposites
such as TiO,/NiO, WO3/Zn0O, CuO/ZnO, Co304/NiO, ZnO/CeO, have been used to degrade
organic pollutants under light exposure [32-35]. The above nanocomposites consisted of p-p, n-n
and p-p heterojunction photocatalysts, in which the n-n and p-n heterojunction photocatalysts
presented lower electron-holes recombination rate and more excellent photocatalytic activity

under visible light irradiation [36]. CuO has p-type semiconductors show low bandgap energy,
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low toxicity, cheap and its is widely used for the degradation of organic pollutants and other
applications [37].

In the present work, CuO nanoparticles are coated with NiO (p-type semiconductors)
with high bandgap energy to prepare CuO/NiO nanocomposite to improve the photocatalytic
efficiency for degradation of organic pollutants [38, 39]. Recently, p-p type heterojunction such
as CuO/ZnO, ZnO/NiO and NiO/CuO nanocomposites are being developed for the
photocatlaytic degradation of organic dye under visible light irradiation, in which NiO/CuO
nanocomposite showed better photocatalytic activity than both CuO/ZnO nanocomposite and
ZnO/NiO nanocomposite [40]. Therefore, to our knowledge, CuO/NiO nanocomposite have not
been reported for the photocatalytic degradation of organic dye.

In this research work, CUONPSs, NiONPs, and NiO/CuO nanocomposite were prepared by
using Spathodea campanulata extract by hydrothermal method. Which act as good stabilizing
and reducing agent. The prepared metal oxides and metal oxides nanocomposite were
characterized and used for photocatalytic degradation of MB blue dye under visible light
irradiation. NiO/CuO nanocomposite showed a good photocatalytic degradation MB under
visible light irradiation. Additionally, the materials were also tested for anti-bacterial activity
against Escherichia coli (Gram-negative) and Staphylococcus aureus (Gram-positive) bacteria.
The experimental findings showed that NiO/CuO had better antibacterial activity than ZnONPs
and CuONPs against both (S. aureus) and (E. coli) bacteria.

2.0 Experimental Section
2.1 Chemicals reagents

Spathodea campanulata (leaves) were obtained near Sri Paramakalyani college,
Alwarkurichi, in Tamil Nadu, India. Analytical grade copper sulfate pentahydrate
(CuS04.5H,0, 99 %), Nickel sulfate hexahydrate (NiSO4.6H,0, 99%), Methylene blue
(C16H18CIN3S) and ethanol were purchased from Sigma Aldrich Bangalore in India.
Throughout the experiment, deionized water (DW) was used for washing and solution

preparation.

2.2 Preparation of Plant Extract
The leaves of African tulip tree commonly known as Spathodea campanulata, were

cleaned with distilled water and dried for two days to remove moisture.. Then the leaves were
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dried, powdered and protected with an air bag. Heat 2.0 g of African tulip tree powder in 250 mL
of distilled water with constant stirring at 80 Cfor 1hr. The solution was concentrated using
rotavapour and then kept at 4°C [41].
2.3 Synthesis of CuUONPs and NiONPs by using hydrothermal method

Preparation of CUONPs: 4.0 g (0.05M) of Cu(NO3),.3H,0 was stirred in 80 mL distilled
water for 30 minutes and then added to 10 mL of extract and the solution was stirred for another
30 min. Then mixture of the solution was transferred into 100 mL, Teflon coated autoclave and
heated in muffle furnace at 180°C for 6 hrs. After cooling the solution was centrifuged at 6000
rpm for 10 min to obtain a black precipitate, and then washed several times with water and
ethanol to remove impurities. The precipitate was then dried at 100 'C to obtain a black powder.
NiONPs were also synthesized under the above condition.
2.4 Synthesis of NiO/CuO nanocomposite by hydrothermal method

0.1M (2.0 g) of Cu (NO3),-3H20, 0.1M (2.0 g) of Ni (NOs),. 6H,0 were added 80 mL
distilled water and addition of 20 mL of extract solution was added and the solution is stirred for
another 30 minutes at room temperature to obtain a homogenous mixture solution. The mixture
was then poured into 100 mL Teflon coated autoclave and heated at 180 'C for 6hrs. After
cooling the solution to room temperature, solution was centrifuged at 6000 rpm to obtain
CuO/NiO nanocomposite [42, 43].

Scheme 1. Schematic diagram of the synthesis of extract from Spathodea campanulata
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Scheme 2. Schematic diagram of the preparation of NiO/CuO nanocomposite by hydrothermal
method

2.5 Characterization
The prepared nanomaterials of CuUONPs, NiONPs and CuO/NiO nanocomposite were

characterized using different instrument methods. UV-visible spectroscopy was used to
characterize metal oxides and nanocomposite formation using UV-visible spectrophotometer
(Hitachi UH-5300 spectrophotometer Double beam). Fourier transform infra red spectroscopy
was performed using (Nicolet IS5R FTIR, KBR windows with AR Diamond crystal plate, Make:
Thermofisher) for identify the function group in extract and metal oxides bond interaction.
Crystalinity and phase purity of X-ray diffractometers (Bruker Eco D8 Advance) were
investigated. The surface morphology and shape of metal oxide and metal oxides nanocomposite
was studied by SEM (vega 3 Tescan). The elemental composition of metal oxides and metal
oxide nanocomposite was determined by Energy-Dispersive X-ray (vega 3 Tescan). Using HR-
TEM (Jeol, JEM 2100), the NPs" morphology was evaluated.
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2.6 Photocatalytic degradation method

Photocatalytic degradation of MB with NIiONPs, CuONPs, and NiO/CuO
nanocomposite was conducted under visible light irradiation with the source of (250 W Xenon
lamp, intensity 400 mW cm®), 10 ppm of MB in 100 mL water and 100 mg of NiONPs,
CUuONPs, and NiO/CuO nanocomposite was used as photocatalysts into the 1L glass tube. The
center of the quartz glass tube was connected to a light lamp. The solution was kept under dark
conditions for 30 min before visible light was illuminated to reach absorption-desorption
equilibrium on the photocatalyst. This experiment was carried out at room temperature with
visible light illumination. 10 mL of the degradation solution was collected at various time
intervals with 0.45uM syringe filter to remove the photocatalysts. The concentration of the MB
degradation solution was evaluated by using a UV-visible spectrophotometer (Shimadzu, UV-
2450). The absorption peak of MB was determined at 674 nm [44].
Anti-bacterial assessment

The tools for the experiment were placed in an autoclave for 20 minutes at 121 °C.
Before usage, Escherichia coli (E.coli) and Staphylococcus aureus (S.aureus) cultures were
cultured in 50 ml of nutrient broth (NB) and incubated at 37 °C overnight before being used. The
disc diffusion method was used to test the antibacterial activity of synthesised NiIONPS,
CUuONPs, and NiO/CuO nanocomposite. After adding 20 ml of sterile Mueller Hinton Agar, 120
ml of bacterial culture was poured onto sterile petri plates and dispersed around with a spreader.
On a 6 mm sterile disc, NiIONPs, CuONPs, and a NiO/CuO nanocomposite were deposited. The
loaded disc was placed on the medium's surface, and the extract was allowed to diffuse for five
minutes before the plates were incubated for 24 hours at 37 °C. As a control, E.coli and
Staphylococcus aureus (S.aureus) bacteria were mixed in with the solvents. [45, 46]. The
inhibitory zones that had formed around the disc were measured in millimeters using a
transparent ruler at the end of the incubation period.
3. Result and Discussion
3.1 UV-visible characterization

Figure 1A (a-d) shows the UV-visible spectra of (a) Extract, (b) CUONPs, (c) NiONPs,

and CuO/NiO nanocomposite. Figure 1A (a) shows the extract exhibited two peaks, one with low
intensity at 235 nm and 282 nm and another peak with strong intensity peak at 240 nm [47].
CUuONPs showed higher intensity peak at 297 nm, corresponding to the phenolic groups of the

Eur. Chem. Bull. 2022,11(12), 1152-1175
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extract, and a broad peak at 406 nm due to the surface plasmon absorption of copper oxide
nanoparticles [48]. This result was consistent with the report CUONPs as shown in Fig.1A (b)
[49]. Figure (c) shows the NiIONPs demonstrated two low intensity peaks at 335nm and 453 nm.
Figure 1A(c) shows the broad peak at 341 nm due to reduced crystalline defect NiO with extract
and an increase in temperature to improve the crystallinity and decrease the band gap energy
[50,51]. Figure (d) showed the CuO-NiO nanocomposites absorption spectra. The formation of
CuO-NiO nanocomposite was attributed to all metal oxide nanoparticle ratios that displayed
weak peaks at 220 to 350 nm [52]. The absorption bands in the UV-Vis spectra confirmed the
presence of CuO-NiO mixed oxides. Figure 1B (a-c) shows the Tauc plot of NIONPs, CUONPs,
and NiO/CuO nanocomposite, where the NiO-CuO nanocomposite (2.76 eV) has a less band
gap energy than the NiONPs (2.47 eV) and CuONPs (3.0 eV). The low band gap energy of the
NiO/CuO nanocomposite resulted in excellent photocatalytic degradation activity under visible
light irradiation [53].
3.2 FT-IR characterization

The FT-IR is used to determine the functional groups of compounds and the interaction at
the surface of metal oxide and stabilizing agents. Figure 1B (a-d) shows the FT-IR spectra of (a)
Extract, (b) CUONPs, (c) NiONPs, and (d) CuO/NiO nanocomposite. Figure 1B(a) shows the IR
spectra taken. The spectra shows peaks at 3305 cm™ (O-H bond stretching vibration), 2925 cm™
and 2846 cm™ (C-H bond stretching vibration CH, and CH groups), 1730 cm™ (C=0 stretching
vibration in COOH groups and 1609 cm™ (C=C stretching vibration) , at 1373 cm™ (C=C bond
stretching vibration), peak at 1016 cm™ (C—O bond stretching vibration) [54]. CuUONPs showed
mostly low intensity peaks with slightly shifted peak position due to better interaction between
extract and CuO, in which Cu-O bond stretching vibration at 571 cm™ due to formation of
CuONPs as shown in Fig.1B (b). [55]. Figure 1B(c) shows a small peak at 509 cm™
corresponding to the stretching vibration of the Ni-O bond in the formation of NiONPs [56]. No
unusual shift was observed in the peaks for CuO/NiO nanocomposite CUONPs and NiONPs, in
which the CUONPs peak was slightly shifted to a higher wave number at 621 cm™ due to
effective coating on NiO as shown in Fig.1B (d).
3.3 XRD pattern characterization

The extract powder was showed three diffraction peaks at 20 of 20.89° (100), 29.58°
(002), and 41.20° (101) as shown in Fig.1C (a). Figure 1C (b) shows that the X-ray diffraction
peaks of CUONPs at 26 of 31.41° (110), 35.86° (11-1), 38.14° (111) and 45.37° (202). It was

Eur. Chem. Bull. 2022,11(12), 1152-1175
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evident to have monoclinic structure, which matches with JCPDS no. 00-048-1548 [57]. The
XRD pattern of CuONPs shows that no additional peaks due to excellent crystallinity with
excellent purity. Figure 1C(c) shows the NiIONPs demonstrated multiple diffraction peak at 26 of
38.14°, 43.94°, 62.08°, 75.84 and 78.15 ° corresponding to the (111), (200), (220), (311), and
(222) crystallographic planes and planes of the face-centered cubic (FCC) according to JCPDS
(JCPDS cared no. 00-047-1049) [58]. Figure 1C(d) shows that the appearance of better
diffraction peaks due to the formation of CuO/NiO nanocomposite and CuO effectively coated
on NIONPs [59]. These XRD results were used to determine the average crystallite size of
nanomaterials by using Debye—Scherrer equation,
D=KMPB COS O...cvrveiiiiiiiie e (1)

where K= 0.9, A = 1.54056 A(wavelength of Cu ko), D is the average crystallite size, P is
the full-width half maximum (FWHM), and 0 is the angle of diffraction. The crystalline size is
obtained from high-intensity peaks of CuONPs (10.54 nm), NiO (22.25 nm), and CuO/NiO
(28.42 nm), respectively.
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Figure 1. (A-D). (A) UV-Visible absorption spectra, (B) Tauc plot, (C) FT-IR spectra and (D)
X-ray spectra of (a) Extract, (b) CuONPs, (c) NIiONPs and (d) NiO/CuO
nanocomposite

3.4 Surface Morphology characterization
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Figure 2 (A-D) shows the surface morphology of the CuONPs study was investigated by
SEM at 20 pM, 10 pM, 2 pM and 1 pM with different magnification. White agglomerate
particles were obtained at low magnification at 20 uM as shown in Fig.2 (A). Very compact
spherical particles were observed at higher magnification at 10 and 2 pM as shown in Fig.2
(B&C). The spherical shape of CUONPs was clearly recorded at highest magnification at 1 pM
as shown in Fig.2 (D). Also, the percentage elements were analyzed by EDAX. Cu, O and C
elements were presented in CuO NPs, which is evidenced for the preparation of CuO NPs as
shown in Fig.2 (E).
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Figure 2. SEM images of NiONPs (A) 20 uM, (B) 10 uM, (C) 2 uM and (D) Energy dispersive
spectra (EDS).

Figure 3(A-C) shows SEM images of NiONPs characterized at 10 uM, 2 uM and 2 uM
with various magnifications. The white spherical shape of particles was obtained at low
magnification 10 uM as shown in Fig.3 (A). The spherical shape was obtained at high
magnification 2 uM as shown in Fig.3 (B). White particles of spherical shape 2 puM highest
magnification as shown in Fig.3(C). Ni, O and C elements in NiONPs due to the formation of

nickel oxide nanoparticles are shown in Fig.3 (D).
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Figure 3. SEM images of CUONPs (A) 10 uM, (B) 2 uM, (C) 2 uM, and (D) Energy dispersive
spectra (EDS).

SEM image of CuO/NiO nanocomposite revealed aggregated particles at 5 pM as shown
in Fig.4 (A). It displayed un-uniform shape of particles when SEM was carried out at high
magnification 2 UM as shown in Fig.4 (B). Therefore, at highest magnification 1 uM spherical
shape of CUONPs attached to the NiIONPs particles surface was shown in Fig.4(C). Figure 4(D)
illustrates the EDAX spectrum of Cu, Ni, O and C elements in the CuO/NiO nanocomposite ,

confirming the formation of the CuO/NiO nanocomposite.
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o) O

Figure 4. SEM images of NiO/CuO nanocomposite (A) 5 uM, (B) 2 uM, (C) 1 uM and (D)
Energy dispersive spectra (EDS).

3.5 Transmission Electron Microscope

A transmission Electron microscope was used to evaluate the material's size and shape.
The TEM images of CuO/NiO nanocomposite were uniform distributed spherical particles
observed at 100 nm and 50 nm as shown in Fig.(A&B). The large spherical shape of copper
particles were coated on NiO recorded at high magnification (10 nm) as shown in Fig.(C&D). At
the highest magnification of 10 nm, the spherical shape of copper particles was clearly coated on
NiO displayed as shown in Fig.(E). The SAED pattern has also confirmed the crystallinity of

CuO/NiO nanocomposite as shown in Fig.(F).
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Figure 5. (A-D). TEM images of the CuO/ZnO nanocomposite (A) 50 nm, (B) 20 nm, (C) 10
and (D) 5 nm. (E) SAED pattern of CuO/ZnO nancomposite.

3.6 Photocatalytic Application

Figure 5(A-C) shows the photocatalytic degradation of cationic MB dye with (A)
NiONPs, (B) CuONPs and (C) CuO/NiO nanocomposite under visible light irradiation at time
range 0 to 90 min. The concentration of dye was effectively monitored by UV-visible
spectroscopy. Initially, the photocatalysts of NiONPs, CuUONPs and CuO/NiO nanocomposite
reached adsorption with MB under dark condition at 0 min. The NiONPs photocatalyst for the
degradation of MB was investigated with visible light irradiation from 0 to 90 min and the
degradation intensity of MB was observed to peak at 674 nm. It did not fully reduce the peak
intensity as shown in Figure 5 (A). Figure 5(B) shows that CuUONPs were degraded following
MB under visible light irradiation from 0 to 90 min, and it showed a better photocatalytic activity
than NiIONPs.Figure 5(C) shows the complete decolorization of the degradation of MB with
CuO/NiO nanocomposite as a photocatalyst under visible light irradiation from 0 to 90 min [60,
61]. The photocatalytic degradation efficiency was calculated by using 1 (%) = Co-C/Cp X 100,
where C, is the initial concentration at 0 min and C; is the final concentration at 90 min. 96 % of
MB degradation was conducted with CuO/NiO nanocomposite than CuUONPs (92 %) and

Eur. Chem. Bull. 2022,11(12), 1152-1175
1163



Synthesis of NiO/CuO nanocomposites using leaf extract from Sapthodea campanulata and its
photocatalytic degradation of Methylene Blue under visible light Irradiation
Section A-Research paper

NIiONPs (85 %) as shown in Fig.6(A). CuO/NiO nanocomposite showed lower band gap energy
and better degradation efficiency due to better doping of CUONPs in NiONPs. The kinetic rate
constant for MB degradation was estimated for various photocatalysts NiONPs, CuONPs and
CuO/NiO nanocomposite using the first —order rate equation [62].
IN(CYC0) = Kl (2)

Where C, is the initial concentration of MB before visible light irradiation and Ct is the final
concentrations after visible light irradiation time t. k is the kinetic rate constant (min™). In (Cy/Co)
vs t was used to calculate k by using the slope value. The Kinetic rate constant of NiONPs ( k =
0.4551 min™), CuONPs (k =0.4881 min™) and CuO/NiO nanocomposite (k = 0.5213 min™)
were obtained from the Fig. 6B(a-c). In this CuO/NiO nanocomposite was proved to be good
photocatalyst than CuUONPs and NiONPs.
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Figure 6. UV-vis spectra of (A) NiONPs, (B) CuONPs and (C) NiO/CuO nanocomposite the
photocatalytic degradation of MB under visible light irradiation at various time

intervals 0 to 90 min.
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Figure 7. (A) Calibration plot of the degradation efficiency vs time and (B) plot of In(C4/Cy) vs
time.

3.6. Photocatalytic degradation mechanism

Figure 7 shows the photocatalytic degradation mechanism of MB with CuO/NiO
nanocomposite was conducted under visible light irradiation. The CuO/NiO nanocomposite
works as a heterojunction photocatalyst with reduced electrons-holes recombination rate, with
band gaps energy of CuO (1.42 eV) and NiO (2.4 eV) [63, 64]. CuO/NiO nanocomposite
produces the electrons-holes at conduction band (CB) and Valence band (VB). The band gap
energy of NiO was higher than CuO so that photoexcited electrons (e”) moved from the CB band
NiO from CB of CuO after visible light absorption, While holes (h*) was transferred from VB of
NiO to VB of CuO [65]. Then oxygen molecules in the MB solution combine with e” to form
superoxides radicals ("O,-) and h* reacted with H,O to generate the hydroxyl radicals ("OH). ‘O,
and "OH are powerful oxidizing radicals to greatly degrade the MB to complete mineralization
[66]. h* worked as reductant to decompose MB to degrade by-products and mineralization.
Further, photocatalytic degradation mechanism of MB by CuO/NiO nanocomposite under visible
light irradiation is given below.

NiO/CuO + hv— NiO/CuO [h* (VB) + e (CB)]
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NiO/CuO [h* (VB) + & (CB)] — NiO h* (VB) + CuO (¢) (CB)]

NiO (E) + 00— 0y
CuO (h") + H,O——— OH" + H”
.0,” + MB———degraded byproducts + mineralization

.OH + MB ——» degraded byproducts + Mineralization

Degradation by-products
+CO, ino

Degradation by-products
+ CO, +H,0

Figure 8. Photocatalytic Degradation Mechanism of MB by NiO/CuO Nanocomposite under

Visible Light Irradiation.

3.7 Anti-bacterial activity of the samples

CUuONPs, NiONPs and CuO/ZnO nanocomposite samples were tested for the anti-

bacterial activity against Escherichia coli (E.coli) and Staphylococcus.aureus (S.aureus) bacteria

by Disc diffusion method. The antibacterial activities in presence of 120 pg/mL of the samples

were shown in Figure (A-D). As noted, The CUONPs and NiONPs samples were displayed the

weak anti-bacterial activity against both Escherichia coli (E.coli) and Staphylococcus aureus

(S.aureus) bacteria with No Zone formation for CUONPs and NiONPs for S.aureus and 13 mm

of CUONPs and 14 mm of NiONPs for E.coli). CUONPs and NiONPs prepared by using
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Sapthodena camptanulata leaf extracted to reduced antibacterial activity. Moreover, CuO/NiO
nanocomposite was exhibited the higher anti-bacterial activities with a Zone formation of 20 mm
for E.coli and 18 mm for S.aureus bacteria as shown in Fig.(C&D)

(E) Pathogenic Control CuONPs  NiONPs NiO/CuO
bacteria nanocomposite
E.Coli - 13 mm 14 mm 20 mm
S.aureus - - - 18 mm

Figure 9. (A-E). Anti-bacterial activities of the CuONPs, NiONPs, CuO/NiO nanocomposite
samples against E. coli (A&B) and S. aureus (C&D) and (E) Comparison Result.

4. Conclusion

NiO/CuO nanocomposite were successfully prepared through facile hydrothermal method
with Sapthodena camptanulata leaf extract. The synthesis of NiO NPs, CuO NPs, and CuO-NiO
NCs are indicated by UV-vis absorption peaks at 336, 297, and 347 nm, respectively. The
biofabrication of the NPs by the action of several phytochemicals with various functional groups
present in the leaf extract was confirmed by FT-IR experiments. The crystalline nature, phase
composition, and purity of the synthesised nanoparticles were all confirmed by the XRD
patterns. SEM image clearly indicated that the NiO particles coated on CuO. TEM result showed
NiO/CuO nanocomposite was slightly agglomerated in spherical shape with size around 20-50
nm. The NiO/CuO nanocomposite can be efficiently used as a heterogeneous photocatalyst for
the decomposition of the MB dye. The degradation percentage of MB was higher for NiO/CuO
than CuONPs and NiONPs. The superior photocatalytic performance was exhibited by the
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NiO/CuO nanocomposite owing to the synergistic effect between CuO and NiO. NiO/CuO
nanocomposite was shown the good anti-bacterial activities against both (E.coli) and (S.aureus)
bacteria than ZnONPs and CuONPs.
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