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Zea mays L. dry husk extract was used to bio synthesize copper oxide nanoparticles. Red coloured cubic Cu,O
nanoparticles were obtained for the first time via this simple, eco- friendly, green synthesis route. The Cu,O
nanoparticles were thermally oxidized to pure monoclinic CuO nanoparticles at 600 °C. The phases of the copper
oxides were confirmed from the x-ray diffraction (XRD) studies. The nanoparticle sizes as obtained from high
resolution transmission electron microscope (HRTEM) analysis range from 10 to 26nm, 36-73nm and
30—90 nm for the unannealed Cu,0O, 300 °C and 600 °C annealed CuO respectively. The values of the bandgap
energies obtained from diffuse reflectance of the nanoparticles are 2.0, 1.30 and 1.42 eV respectively for the
unannealed, 300 °C, and 600 °C annealed copper oxide nanoparticles. The 600 °C annealed copper oxide nano-
particles showed 91% and 90% degradation ability for methylene blue dye (BM) and textile effluent (TE) re-
spectively under visible light irradiation. While CuO_300 is more effective to inhibit the growth of Escherichia coli
518,133 and Staphylococcus aureus 9144, Cu,O is better for Pseudomonas aeruginosa and Bacillus licheniformis. The

results confirm the photo-catalytic and anti-microbial effectiveness of the copper oxide nanoparticles.

1. Introduction

Water is the most abundant natural resources on earth. Good public
health relies largely on readily available water either for drinking,
domestic use, industrial or recreational use. A good percentage of the
world’s population do not have access to safe water today. According to
the 2018 report by World Health Organisation (WHO), 844 million
people do not have basic drinking-water service, including 159 million
people who depend on surface water [1]. The report further stated that
globally, at least 2 billion people use drinking water sources infested
with faeces and that by 2025, half of the world’s inhabitants would be
living in water-deprived areas. With this kind of report, there is urgent
need for proper water management and wastewater treatment to meet
the global demand for water. A country’s economic growth and

development can be enhanced with proper water supply and manage-
ment, which could ultimately lead to poverty reduction.

Amongst the water contaminants, organic dyes such as methylene
blue used in textile industries constitute a great hazard to human
health. They have been shown to be carcinogenic and cause other
diseases such as heart stroke, jaundice etc. ([2-4]). In addition, most of
these dyes are designed not to be biodegradable, therefore need to be
removed from effluents before being discharged into the environment
[5,6]. Some of the techniques used to remove organic dyes from water
are adsorption using activated carbon from various organic materials
[7,8] and coagulation [9,10]. Others are reverse and forward osmosis
[11-13], as well as ozonation [14]. Most of these methods are slow,
inefficient and are not cost effective. Apart from dye contaminants,
there are also microbial contaminants of water, which include bacteria,
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viruses, and protozoa. The presence of these microbes in water may
cause various gastro intestinal illnesses such as diarrhea, vomiting, and
cramps [15]. One of the major public health concerns of the 20th
century is the disinfection of drinking water to reduce water-borne
infectious disease.

In the last few decades, metal oxide nanoparticles have been used
effectively for the degradation of organic dyes in wastewater [16-18].
They are also used for antimicrobial activities [19,20]. Amongst the
metal oxides nanoparticles used for the decontamination of water,
copper oxide nanoparticles have shown impressive results [21-23].
This is because it is relatively cheap, has a narrow bandgap and high
catalytic efficiency. A plethora of methods has been used to synthesize
copper oxide nanostructures for various applications. These methods
include thermal decomposition [24], atmospheric plasma jet [25], hy-
drothermal [26]. Other methods used are chemical bath deposition
[27,28], SILAR [29] as well as electrochemical [30] amongst others. In
as much as copper oxides prepared using some of these methods have
shown desired properties, toxic chemicals and solvents that are dan-
gerous to human health and the environment are used as reducing/
oxidizing agents. Biosynthesis of metal oxides has been used recently to
overcome the challenges posed by using chemical methods. There are
only a few reports on the biosynthesis of copper oxides in the literature
using various plant and micro organism extracts for a wide range of
applications. Nabila and Kannabiran, [31], used the extract from acti-
nomycetes to synthesize copper oxide nanoparticles for antibacterial
activity against fish and human bacterial pathogens, while Ami-
nuzzaman et al., [32], used banana peel extract and studied the pho-
tocatalytic activities of the prepared copper oxide nanoparticles. Sivaraj
et al., [33], studied the antimicrobial and anticancer activity of Aca-
lypha indica mediated copper oxide nanoparticles, while Yu et al., [34],
used Arbutus unedo leaf extract and tested the synthesized copper oxide
nanoparticles for in-vitro cytotoxicity against nasopharynx cancer cell
lines. Larvicidal activity of copper oxide nanoparticles synthesized
using T. procumbens leaf extract was examined against Aedes aegypti
species [35]. Only few works have reported on the biosynthesis of
copper oxide for waste water treatment.

Maize (Zea mays L.) husks otherwise known as corn husks are the
modified leaves that cover the ears of Zea mays L. plant. They are one of
the waste by-products of Zea mays L. However, they have been shown to
be a good source of various phytochemicals such as flavonoids, sapo-
nins, alkaloids, glycosides, tannins, phenols etc. [36]. They also have
medicinal, anti-inflammatory and acoustic absorbing potentials
[37-39]. In this work, we used extracts from Zea mays L. dry husk to
synthesize copper oxide nanoparticles and studied their potentials for
photocatalytic degradation of industrial textile effluent, methylene blue
blue as well as their antibacterial activity against Escherichia coli, Sta-
phyloccocus aureus, Bacillus licheniformis and Pseudomonas aeruginosa.
Therefore, this study combines the advantages of green chemistry
principles with that of using sustainable resources which consequently
leads to human health and environmental protection.

2. Materials and methods
2.1. Copper oxide nanoparticles synthesis

Fresh Zea maize L. husks were dried at 40 °C until they become
brittle and then grinded into powder using a grinder. 10 g of the powder
was put in 200 ml of deionise water and heated at 50-60 °C for about
2 h yielding a transparent milkish extract of pH of about 4. The extract
was cooled to room temperature and then filtered twice using whatman
filter paper. 2.25 g of copper II acetate monohydrate (Cu(C,H;0,),°H,0)
was added to 50 ml of the extract and stirred for about 3 min. leading to
complete dissolution of the salt in the extract. The colour of the re-
sultant solution changed from transparent milkish colour to light blue
indicating the reduction of the metal salt. Red precipitates were formed
at the bottom of the beaker after the solution was put on a hot plate
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between 70-80 °C for 2 h. From literature survey, this is the first time
red coloured Cu,O nanoparticles are obtained via the green synthesis
method. The precipitates were separated from the aqueous extract by
decanting, and then washed several times by centrifuging to remove
any residual aqueous extract that may be present. The obtained pre-
cipitates were dried at 80 °C and then annealed at 300 and 600 °C. The
schematic of the synthesis procedure is given in our earlier work on
copper oxide [40].

2.2. Copper oxide nanoparticles characterizations

A Double Beam Cary 5000 UV-vis-NIR spectrophotometer was used
to obtain the optical properties of the extract as well as the copper oxide
nanoparticles. An integrating sphere attachment was used to measure
the diffuse reflectance. The crystal phase of the copper oxide nano-
particles were obtained using a Bruker AXS D8 diffractometer with
copper anode at a wavelength of 1.540 A at an operating voltage of
40kV and current of 40mA. Attenuated Total Reflection-Fourier
Transform Infrared spectroscopy (ATR-FTIR) was performed on a
Thermo-Nicolet 8700 FTIR spectrometer. The morphology of the
copper oxide nanoparticles were studied using Scanning Electron mi-
croscope (SEM) and a Tecnai F20 High Resolution Transmission
Electron Microscope (HRTEM) operated at 200 kV, equipped with an
Energy Dispersive X-ray Spectrometer (EDS).

2.3. Copper oxide photocatalytic activity

The photocatalytic activity of the CuO nanoparticles (NPs) was
studied on two types of wastewater, which include the wastewater from
industrial textile effluent (TE) and the synthetic wastewater based on
the methylene blue dye (BM), under visible light irradiation. The textile
effluent was from the "Colorite Dyers Company" (Cape Town, South
Africa) which is a clothing dyeing company. Liquid medium (n = 5) for
each wastewater type were prepared with CuO NPs (n = 4) and without
CuO NPs (n = 1). A mass (20mg) of Cu,O, CuO annealed at 300 °C
(Cu0_300), CuO annealed at 600 °C (CuO_600) and the mixture of these
three forms of CuO NPs was separately added with 50 ml of TE and BM
wastewater. The last liquid medium was composed only of the TE and
BM wastewater and exposed to the visible light irradiation The liquid
medium pH was adjusted to basic condition (pH = 9). Before contact
time with visible light, the mixtures were stirred for 25 min under dark
condition to build up the adsorption-desorption equilibrium. Then, the
mixture was exposed to visible light irradiation under constant stirring
(120 rpm) and room temperature 25 °C. At initial time (ty) the absor-
bance measurement of BM and TE wastewater was run on the wave-
length ranging from 200 to 800 nm. The initial absorbance (Ay) of BM
and TE wastewater was measured before following the dye degradation
at the unique wavelength 661 nm. TE and BM aliquots (5 mL) were
taken firstly at 5 min of the contact time and then every 25 min for 3 h.
The dye degradation efficiencies were calculated according to the fol-
lowing equation:

MXIOO

%) =
b Ao (€9)]

Where:

A, : the absorbance of the TE and BM at t =0 min (ty)

Ay the absorbance of the TE and BM at time t = t (t = sampling
time)

Pseudo first order kinetics of the dyes degradation were calculated
by using the equation

(2

Where: Ag: the absorbance of the TE and BM at t =0 min (ty)
Ay the absorbance of the TE and BM at time t = t (t = sampling
time)
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k: the constant rate of the TE and BM degradation.

2.4. Copper oxide antibacterial activity

In addition to the photocatalytic activity, the antibacterial activity
of the CuO NPs was investigated by testing the following pathogen
microorganisms: Escherichia coli 518133, Staphyloccocus aureus 9144,
Bacillus licheniformis and Pseudomonas aeruginosa. Petri dish plates en-
riched with agar nutrient medium (15 g.L_l) were used to cultivate
200 pl of pathogen microorganisms. The petri dishes were shaken be-
fore adding the CuO NPs according to the well diffusion method. Three
wells (A, B and C) were created on the surface of the solidified agar
nutrient medium. Each well is corresponded to each type of the CuO
NPs (A = Cuy0O, B =Cu0_300 and C = Cu0_600). Small amounts
(0.04 g) of the dried powders of each CuO NPs were added into each
well. Then the petri dishes were incubated directly at 37 °C for 24 h. All
steps of analysis were conducted under sterile conditions.

3. Results and discussions
3.1. Structural analysis

The XRD pattern of the copper oxide nanoparticles is shown in
Fig. 1. The un-annealed copper oxide showed the formation of pure
cuprite Cu,0 nanoparticles which could be indexed as cubic structured
Cu,0 with P n3 m space group (JCPDS card no. 05-0667). Crystalline
peaks corresponding to (110), (111), (200), (211), (220), (311) and
(222) diffraction planes at 20 angles of 29.5, 36.36, 42.24, 52.39,
61.31, 73.45 and 77.3° respectively were observed. Upon annealing in
air at 300 °C the peaks of CuO begin to appear and complete transfor-
mation to pure CuO is observed after annealing at 600 °C for 2h as
shown in the figure. The figure indicates that the CuO nanoparticles
could be indexed as base-centered monoclinic CuO (space group C2/c)
crystal structure (JCPDS card no. 00-048-1548). Some of the char-
acteristics peaks are observed at 20 angles of 32.45, 35.47, 38.63,
46.34, 48.78, 53.44, 58.21, 61.51, 66.20, 68.0, 72. 34, 75.16, 80.41 and
82.88° and are assigned respectively to the (110), (002), (111), (11-2),
(20-1), (020), (202), (11-3), (31-1), (113), (311), (22-2), (11-4 and
(312) diffraction planes. The thermal oxidation of Cu,O to CuO agrees
with the studies of Zhu et al., [39] which is based on the activation
energy for the oxidation of Cu,O following a logarithmic law. However,
in our case, the phytochemicals present in the extract used in the
synthesis of the copper oxide may have caused the reduction of the
temperature required for the complete thermal oxidation of Cu,O to
CuO leading to the formation of a pure CuO at temperature of 600 °C.
The calculated crystal sizes using the Scherrer equation are 34.8, 5.5
and 22.9 nm respectively for the unannealed, 300 and 600 °C annealed
copper oxides.

The FTIR spectrum of the copper oxide nanoparticles is shown in
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Fig. 1. XRD pattern of the copper oxide nanoparticles.
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Fig. 2. ATR-FTIR spectrum of the copper oxide nanoparticles.

Fig. 2. The copper oxide annealed at 600°C showed bands corre-
sponding to the different bending vibration mode of the Cu-O at 471
and 520 cm™! (highlighted yellow) while the stretching band is at
1383 cm ™! (highlighted orange). The band at 1047 cm ™' is due to
ONO, stretching (highlighted green) [41]. Similar peaks are seen in the
300 °C annealed copper oxides with slight shifts in the peak positions.
The absence of the vibration mode peaks of Cu-O and the presence of
the broad band around 600 cm ™! in the unannealed copper oxide
corresponds to absorption from Cu,O [42]. The bands at 2882-
2963 cm ™! (highlighted light blue green) and 3590-3650 cm ™! (high-
lighted dark blue green) correspond to stretching vibrations from the
C-H and the O—H bonds respectively [43]. The presence of the O—H
stretching is due to absorption of atmospheric moisture by the copper
oxide nanoparticles.

3.2. Optical properties

The absorbance spectrum of the dry husk extract is shown in Fig. 3a
revealing an absorption peak at 226 nm and a broad peak around
325 nm. These peaks are due to the presence of flavonoids and its de-
rivatives. The absorption spectra of flavonoids have been shown to
typically consist of two absorption peaks in the ranges 230-285nm
(band I) and 300-380 nm (band II) ([44] [45],). Band I is considered to
be associated with absorption due to the A-ring benzoyl system, while
Band II occurs due to absorption involving the B-ring cinnamoyl system
[46]. The diffuse reflectance is shown in Fig. 3b. The un-annealed
copper oxide nanoparticles showed high reflectance and some absorp-
tion peaks in the infrared region. This absorption peak is because of the
presence of organic plant extracts still present in the sample. There was
a drastic decrease in the reflectance after annealing at 300 °C, and the
absorption peaks in the infrared region disappeared indicating that the
organic plant extracts has burnt off. The sample annealed at 600 °C
absorbs highly in the visible region, an indication of a good solar ab-
sorber material and good photocatalytic activity. The bandgap energy
was estimated from the diffuse reflectance by using the Kubelka-Munk
function [47]. The estimated bandgap energy is 2.0, 1.30 and 1.42 eV
respectively for the unannealed, 300 °C and 600 °C annealed copper
oxide nanoparticles. There is a blue shift in energy for the annealed
copper oxides in comparison to the bulk CuO bandgap (1.2 eV). Such
blue shifts, which occur due to quantum size effects, have been reported
for CuO nanostructures synthesized by various methods [27,48,49].
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Fig. 3. Optical properties (a) absorption spectrum of the dry Husk extract (b) diffuse reflectance of the copper oxide nanoparticles (c) bandgap energy plot.

3.3. Morphological and elemental analysis

The scanning electron microscopic images of the nanoparticles is
shown in Fig. 4. The figure (Fig. 4a) reveals that the unannealed copper
oxide nanoparticles consists of spherical and conical shaped agglom-
erates of the nanoparticles. On annealing at 300 °C (Fig. 4b), the ag-
glomerates are broken down revealing pseudo spherical shaped nano-
particles of varying sizes. At 600 °C there is further breakdown of the
agglomerates revealing a mix of big and small spherical nanoparticles.
It obvious that annealing improves the crystallinity of the nanoparticles
leading to well defined shapes.

Fig. 5 shows the high resolution transmission electron microscopy
(HRTEM) images of the copper oxide nanoparticles. The unannealed
copper oxide nanoparticles (Fig. 5a) consists of an agglomeration of
spherical nanoparticles. The particle size distribution as shown in
Fig. 5c indicates that the diameter of the nanoparticles range from 10 to

EHT= 5.00kV
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Signal A = nl
Mag= 2000

Date 2Nov 2018
110537

EHT = 5.00kV
WD = 5.0 mm

Signal A= InLens
Mag= 20.00KX

26 nm. The HRTEM of a singular nanoparticle as shown in Fig. 5b re-
veals a series of distinguishable planes with approximate dyq distances
of 0.24 nm and 0.34 nm. These values corresponds respectively to the
(111) and (101) planes of the CuyO cubic nanoparticle. The 300 °C
annealed copper oxide nanoparticle (Fig. 6a) reveals nanorodlike par-
ticles with uneven length and width interspersed with some quasi
spherical nanoparticles ranging between 36 to 73 nm. The HRTEM of a
single nanorod indicates dy spacing of about 0.26 nm corresponding to
the (002) diffraction plane of the CuO nanoparticle. The HRTEM of the
600 °C annealed copper oxide nanoparticles (Fig. 7a) consists of sphe-
rical nanoparticles with diameter in the range of 30 —90 nm (Fig. 7d).
Fig. 7b reveals distinguishable reticular planes with approximate dyj
distances of 0.46 nm.

The selected area electron diffraction (SAED) profile of the copper
oxide nanoparticles by its bright spots indicates the highly crystalline
nature of the nanoparticles. The SAED of the annealed copper oxides
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Fig. 4. SEM images of the copper oxide nanoparticles (a) unannealed (b) 300 °C (c) 600 °C.
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Fig. 5. (a) HRTEM image of the unannealed copper oxide particles (b) HRTEM image of a single nanoparticle (c) SAED pattern (d) particle size distribution.

(Figs. 6¢ and 7 c) reveals scattered bright spots arising from bragg re-
flections from the individual crystallites. It also corresponds with the
many peaks observed in XRD data, compared to the unannealed copper
oxide particles. All these lend credence to the polynanocrystalline
nature of the nanoparticles.

The difference between the crystallite sizes obtained using the XRD
peak FWHM and that obtained using TEM is because XRD gives average
volume or domain sizes, which could consists of agglomeration of
various nanoparticles in different orientations while TEM gives the size
of individual particles. The values obtained using TEM is often con-
sidered more accurate. We can deduce from our result that annealing
reduces or removes the agglomerations and results in Oswald ripening
by which larger particles grow bigger at the expense of smaller parti-
cles.

The Energy Dispersive X-Ray Spectroscopy (EDS) spectra of all the
nanoparticles (Fig. 8(a—c)) reveal the presence of copper and oxygen

with insignificant traces of phosphorous in the 300 °C and 600 °C an-
nealed samples. The latter elements came from the organic extract used
as shown in Fig. 8d. The nickel and carbon peak is from the carbon
coated nickel support grid used in the EDS analysis of copper oxide
nanoparticles while a copper grid was used for the dry husk extract. The
EDS of the dry husk extract reveals the presence of various elements
such as phosphorous, magnesium, silicon, calcium, potassium, sulphur,
carbon, and oxygen at various energy levels. However, the same silicon
peak was observed when an area without the dry husk was analysed
(spectrum not shown here), the silicon peak observed in the dry husk
spectrum is in fact a spectral artefact/escape peak and therefore not a
constituent of the dry husk [50].

3.4. Photocatalytic activity

Fig. 9 shows the degradation rates of TE and BM after 150 min, with

Fig. 6. (a) HRTEM image of the 300 °C annealed copper oxide nanoparticles (b) HRTEM image of a single nanoparticle (c) SAED pattern.
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Fig. 7. (a) HRTEM image of the 600 °C annealed copper oxide nanoparticles (b) HRTEM image of a single nanoparticle (c) SAED pattern (d) particle size distribution.

and without CuO NPs contact time under visible light irradiation. The
photocatalytic performance of the CuO NPs depends on the CuO type
and the wastewater tested. In the presence of the visible light only, the
BM and TE degradation rate is 37% and 2%, respectively. In contact
with the CuO NPs, the TE and BM degradation increased up to 99% for
the mixture of the three copper oxide NPs with each dye TE and BM.
This high degradation rate obtained for the mixture of the three copper
oxides could be due to generation of more electro-hole pairs and re-
duction in the electron-hole recombination rate. CuO is a p-type
semiconductor with a narrow band gap of 1.3-1.6eV [51]. Its con-
duction band and valence band are lower than the corresponding bands
of Cu,O [52]. Therefore, the Cu20 + CuO_300 + CuO_600 forms a
heterostructure type II staggered band structure and favoured charge
transfer resulting in improved photocatalytic activities [53]. The dye
removal efficiency increased to 80%, 87% and 91% for the BM waste-
water in contact with Cu,0, CuO_300 and CuO_600, respectively, and to
83%, 86% and 90% for the TE wastewater in the presence of the Cu,0,
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Cu0_300 and CuO_600, respectively. The lower degradation efficiency
observed for the CuO_300, with a bandgap energy less than that of
CuO_600 is most likely due to electron-hole recombination. The XRD
result shows the presence of Cu,O in the CuO_300. Studies [54], have
shown that pure Cu®>" traps the photogenerated electrons while the
reduced form also traps the hole thereby preventing electron hole re-
combination. This consequently leads to higher degradation efficiency.
Secondly, we could also infer, based on our TEM results that the pho-
tocatalytic activity increases with increase in the nanoparticle sizes. The
91% degradation for the BM, which was obtained using CuO_600, is
higher than the value (77%) obtained by Das et al., [55], using Madhuca
longifolia plant mediated bio synthesized CuO. It is also higher than that
(80%) achieved by Raizada et al. [56] using CuO prepared by solution
combustion method. This shows the effectiveness of our zea mays
mediated bio synthesized copper oxide nanoparticles towards human
and environmental protection.

The absorbance of TE and BM wastewater under photocatalytic
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Fig. 8. EDS spectrum of the nanoparticles (a) unannealed (b) 300 °C(c) 600 °C and (d) the dry husk extract.
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Fig. 12. (a) and (b) pictorial and schematic representation of the photocatalytic mechanism in the CuO_600.

activity of CuO NPs was measured between 200-800 nm every sam-
pling time (Fig. 10). The dye degradation marked by the colour varia-
tion (from blue to white for BM wastewater and from dark brown to
white for TE wastewater) was followed at 661 nm in the visible range.
The basic condition of the medium with a pH above 7 avoids the for-
mation of positive charge due to the presence of hydronium ions. The
positive charge could reduce the performance of the active surface of
the CuO NPs. The peak level decreased with the contact time with CuO
NPs. Flat curves were obtained after 150 min., which means the com-
plete degradation of the dyes. Further confirmation was obtained by the

formation of the white colour.

3.4.1. Removal kinetics of BM and TE wastewater

The photocatalytic degradation follows the pseudo first order me-
chanism (Fig.11). The constant rate k value increases with the photo-
catalytic performance of each CuO NPs. The Cu,0, CuO_300, CuO_600
and the mixture Cu,0O + CuO_300+ CuO_600 nanoparticles have re-
spectively a k value of 0.0238; 0.02582, 0.02944 and 0.08199 min !
(R? > 0.8).The visible light effect on the dye TE and BM degradation
was very low with a k value of 0.0002 min ~ . This further indicates the



A.C. Nwanya, et al.

Journal of Hazardous Materials 375 (2019) 281-289

Fig. 13. Anti-bacterial effectiveness of the copper oxide nanoparticles against (a) Escherichia coli 518133 (b) Staphylococcus aureus 9144 (c) Pseudomonas aeruginosa

and (d) Bacillus licheniformis.

high photocatalytic capabilities of our bio synthesized copper oxide
nanoparticles.

The photocatalytic activity mechanism of the copper oxide nano-
particles (CuO_600) in the BM contaminated wastewater is shown
pictorially in Fig. 12a. The BM absorbs photons of energy to get to the
single excited state (BM"). The BM" gets excited to the triple excited
state (BM""") as it undergoes intersystem crossing (ISC) [57]. With the
absorption of photons of energy that is greater or equal to the bandgap
energy of the copper oxide nanoparticles, electron hole pairs are cre-
ated with the electron moving to the conduction band while the holes
(or absence of electron) exist in the valence band. The excited electron
moves from the conduction band and reacts with the dissolved oxygen
species to form an oxide radical ion O, ~. The hole (h™) abstracts an
electron from the hydroxyl ion (OH-) in water to generate a free radical
OH-. The free radical ions react with the triple excited BM to yield the
degradation products (CO, and H50) [55,57].

3.5. CuO antibacterial activity

The antibacterial effectiveness of each CuO NPs was evaluated as
shown in Fig. 13. The inhibition zones have a diameter from 08 mm to
15 mm. CuO_300 had the largest diameter (15 mm) among all CuO NPs
type. Cu,0 and CuO_600 have respectively an inhibition zone diameter
10 mm and 7 mm. CuO_300 and Cu,O were very effective to inhibit the
growth of Escherichia coli 518,133 and Staphylococcus aureus 9144
(Fig. 13 (a) and (b)). For Pseudomonas aeruginosa and Bacillus licheni-
formis (Fig. 13(c) and (d)), Cu,0 had an effect more visible than the two
other types. CuO_300 is recommended to use to inhibit the growth of
Escherichia coli 518,133 and Staphylococcus aureus 9144 and Cu,O is for
Pseudomonas aeruginosa and Bacillus licheniformis.

4. Conclusion

Aqueous Zea mays L.dry husk extract was successfully used to obtain
bio synthesized copper oxide nanoparticles. The absorption peaks ob-
tained from the aqueous Zea mays L.dry husk extract are characteristic
for flavonoids and its derivatives while the various elements presented
were identified by EDS. Pure reddish cubic Cu,O nanoparticles were
obtained for the first time, which were thermally oxidized to pure
monoclinic CuO nanoparticles at 600 °C. The effectiveness of the copper
oxide nanoparticles towards photodegradation of wastewater and anti
microbial activity is confirmed. 91% and 90% degradation for BM and
TE wastewater respectively were obtained using CuO_600. While
CuO_600 is more effective to inhibit the growth of Escherichia coli

518133 and Staphylococcus aureus 9144, Cu0 is better for Pseudomonas
aeruginosa and Bacillus licheniformis.
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