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Abstract

Copper oxide nanoparticles (CuO-NPs) were synthesized using two different methods (chemical and biosynthesis) to study
the influence of the preparation method on the structural, optical, morphological, photocatalyst, antibacterial and in vitro
antioxidant of these nanoparticles. The synthesized nanoparticles were analysed by XRD, UV-Vis, HR-TEM, DLS, ZE,
PL and FT-IR spectroscopy. The X-ray diffraction spectra showed the single-phase monoclinic structure of copper oxide,
with an average crystallite size of 2.05-3.00 nm. HR-TEM analysis confirmed the spherical morphology of the synthesized
CuO-NPs using chemical and biological methods with an average size of 32 nm and 25 nm, respectively. The synthesized
CuO-NPs exhibited potential photocatalytic activity towards the degradation of methylene blue dye on exposing to sunlight
irradiation. The degradation effectiveness against methylene blue dye was found to be 85 and 97% for chemical and biosyn-
thesized CuO-NPs, respectively. Furthermore, antibacterial and antioxidant activities were evaluated. The biogenic method
showed a significant antibacterial activity against Gram-negative bacteria E. coli and B. subtilis than Gram-positive bacteria

and also DPPH assay.
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Introduction

Nanoparticles that are having size less than 100 nm are
being extensively utilized in the nanoscience application
[1]. Metal and metal oxide nanoparticles are emerging as
potential candidate in the field of nanoscience and nano-
technology. Metallic nanoparticles with physical, chemi-
cal, electrical and optical properties play a crucial role
depending on their size and shape. They find a wide range
of application, namely sensors, catalysis, antibacterial,
antioxidants, etc. Metal oxide nanoparticles such as, ZnO,
CoO, TiO,, SnO, and CuO, have been investigated for their
environmental and biomedical application [2]. Especially,
copper oxide nanoparticle (CuO-NPs) exhibits high poten-
tiality in the metal oxide nanoparticles due to its low cost,
optical, catalytic and antimicrobial properties. CuO-based
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nanoparticles are regarded as photocatalysts due to their
bandgap (1.35-3.5 eV), low toxicity, easy availability, and
surface synthesis among various semiconductor photo-
catalysts under sunlight irradiation [3]. CuO-NPs attracts
attention because of its large surface area, enhanced oxygen
adsorption capability, high surface and considered as prom-
ising candidate with enhanced photocatalytic activity [4]. In
CuO-NPs, due to the strong tendency to absorb molecular
oxygen, the electron—hole pair rearrangement can be con-
trolled at the interface and plays an important role in the
removal of the photogenerated electron [5].

Aquatic toxicity, phototoxicity and metal bioavailability
of synthetic dyes pose a serious threat to human health, liv-
ing resources and ecosystems [6]. One of the most common
dye materials used in wood, silk and cotton is methylene
blue (MB). The same dye is also used in veterinary medicine
and diagnostic as well as therapeutic purpose in the case
of human being [7-9]. MB cause eye burns and sometime
permanent injury to the eyes. The inhaling of MB leads to
difficulty in breathing and sweating, burning sensation in
mouth, rapid increase heart rate, excessive sweating, vom-
iting and headache [10-12]. Therefore, attention should
be paid in treating MB with waste products. Though there
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are many conventional methods available for the removal
of dye from industrial wastewater, they are not completely
efficient because they convert pollutant from one form to
another [13]. Sunlight source photocatalytic reaction of
organic hazardous compounds is better for water treatment
approach. Various methods like physical, chemical, biologi-
cal and hybrid method are used to synthesise CuO-NPs. The
popular methods to the synthesis of CuO-NPs are physical
and chemical methods. These are extremely costly methods
and use toxic and hazardous chemicals. They are not envi-
ronmental friendly. The sol-gel technique [14], chemical
reduction technique [15], co-precipitation [16], microwave-
assisted heating routes [17] and radiolytic process [18] are
developed to the synthesis of CuO-NPs chemically. Sol-gel
technique is preferred, since it involves the reduction of cop-
per nitrate in aqueous solution. It is an effective reducing
agent in the presence of appropriate stabiliser, which is nec-
essary in shielding the growth of CuO-NPs through aggre-
gation. It is the best and most easy technique to yield nano-
particles without aggregation, high yield and less expensive
[19]. In clinical field, the use of toxic chemical limits the
biomedical application. In addition, when extremely small
particles are necessary, the complexity and the cost of man-
ufacturing increase greatly. Hence, the preparation tech-
nique is shifted towards ‘green’ chemistry and bioprocess
approach. Nowadays, green package reduces/eliminates
the use and production of substance that is hazardous to its
nontoxic, cost effective, environmental human health and
acts as a bio-compatible reducing agent in the synthesis
of CuO-NPs. Recently investigated the synthesis of CuO-
NPs using various biological systems such as, honey, egg
white, bacteria, fungal and plants extracellular compounds
[19]. Among them, the use of extracts from plant materials
has attracted the interest of the scientific community, due
to their bioactive components, which act as a covering and
reducing agent and help to fabricate nanocrystalline metal
oxide nanoparticles of different morphologies and size. Ear-
lier reports of green-synthesized CuO-NPs are investigated
using plant extract such as Albizia lebbeck [20], Euphorbia
esula [21], Bifurcaria bifurcate [22] and Nerium oleander
[23], Aspergillus fumigates [24], Madhuca longifolia [25]
and Lemongrass [26]. Arunkumar et al. [3] have reported
that the Lanatana camara leaf extract-mediated synthesized
CuO-NPs degraded the MB dye at 94% on irradiation with
sunlight. Sathiyavimal et al. [27] have reported that the Sida
acuta leaf extract-mediated synthesized CuO-NPs degraded
93% MB dye in bout 100 min. The biosynthesized CuO-NPs
using Gloriosa superba leaf extract were examined under
Gram-negative and Gram-positive bacteria and relatively
more susceptible to the CuO-NPs then E. coli bacteria [28].
Solanum nigrum is a species in the family Solanaceae. In
India, the traditional medicine system uses Solanum nigrum
in herbaceous perennial plant for its anti-inflammatory,
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anti-ulcerogenic, anti-tumorigenic and antioxidant character-
istics and it could withstand high metal concentration in con-
taminated soils. It is in great demand in the pharmaceutical
industry, since it has tolerance to an adverse environment,
and these plants belong to the family of hyperaccumulators,
which can attach to heavy metals and play an important role
in the reduction mechanism [2]. Synthesis of silver [29] and
gold [30] nanoparticles using Solanum nigrum leaf extract
was reported in literature and, there are no reports available
on biosynthesis of CuO-NPs using leaf extracts of Solanum
nigrum. In the present work, chemically synthesis (Chem)
CuO-NPs is compared to the biological method using Sola-
num nigrum leaf extract at various concentrations (5, 10,
15 and 20 ml). The synthesized CuO-NPs are character-
ized using UV-Vis, XRD, DLS, ZP, HR-TEM and FT-IR
spectroscopy. The efficiency of synthesized CuO-NPs pho-
tocatalyst for the degradation of MB dye, antibacterial and
antioxidant activity by DPPH assay is studied. Here, for the
first time, Solanum nigrum leaf extract used to biosynthe-
sized CuO-NPs for the MB dye degradation under sunlight
irradiation and biomedical application.

Materials and methods
Materials

Leaves of Solanum nigrum were collected freshly from
rural area of Porayar, Tamil Nadu, India. Copper nitrate
(Cu (NO)3), sodium hydroxide (NaOH) and methylene
blue (C4H,;4CIN;Se3H,0) (Sigma-Aldrich Chemicals,
Bangalore, India). Pathogenic bacterial strains were from
Institute Microbial Technology, Chandigarh, India. They
were maintained in nutrient agar medium (Hi-Media,
Mumbai, India). They were reagents used in antimicrobial
assay. They had analytical grade with the highest purity
and deionized water was used as solvents.

Preparation of leaf extract

Healthy leaves of Solanum nigrum were washed several
times with deionised water to remove the dust particles on
their surface. Initially, 10 g of leaf was slashed to smaller
size and stirred with 100 ml of deionized water on heating
mantle for 80 °C for 25 min until the colour was changed
from watery to brown. The leaf extract was cooled to room
temperature and filtered using Whatman filter No: 1 paper
and it was collected in 150 ml conical flask and used for
further usage.
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Chemically synthesis of CuO-NPs

CuO-NPs were prepared by sol—gel method [14]. In a dis-
tinctive synthesis, 0.1 M of copper nitrate was prepared
in 100 ml of deionized water and stirred constantly until
a homogeneous blue colour solution was obtained. 0.2 M
NaOH was then added in the solution and stirred ultra-
sonically for 80 °C for 2 h until a black precipitate was
obtained and it was further cooled at room temperature. A
great amount of black precipitate was obtained. After pre-
cipitation, the precipitate was filtered and washed with the
excess methanol to remove starting material. Finally, pow-
der was dried in hot air oven at 400 °C for 4 h, for further
characterization.

Biosynthesis of CuO-NPs

Biosynthesis CuO-NPs was prepared by sol-gel method [3].
The 0.1 M copper nitrate was dissolved in deionized water

0.2M NaOH

(100 ml) with constant stirring at room temperature. The
various concentrations (5, 10, 15 and 20 ml) of aqueous leaf
extract solution were added to the copper nitrate solution
with continuous stirring at a temperature of 85 °C for 2 h to
get colloids. The formation of nanoparticles was revealed
by a visual colour of blue to dark black on continuous stir-
ring and black precipitate was obtained. Further, the pre-
cipitate was dried at 400 °C for 4 h and the obtained powder
was subjected for further characterization. Figure 1 shows
the schematic representation of Chem and biosynthesized
CuO-NPs.

Characterization of CuO-NPs

CuO-NPs samples were subjected to UV—visible spectros-
copy (Shimadu UV-1650) to study the optical respond and
to calculate the bandgap. The structural behaviour was deter-
mined from X-ray diffraction pattern using Cu Ko radiation
(A=1.54060 A) with nickel monochromatic in the 26 range
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Fig. 1 Schematic representation of chemical and biosynthesized CuO-NPs
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started from 20° to 80°. The surface charges (zeta potential)
were analyzed and the size distribution and average parti-
cle size were observed using the dynamic light scattering
(DLS) technique using (Malvern Mansettings Nano). The
high-transmission electron microscopy (HR-TEM-PHIL-
LIPS TECNAI G2 FEI 12) was carried out to analysis the
particle size, inter planer spacing and shape. The fluores-
cence analysis was carried out using a Elico S1 174 spectro-
fluorometer in the range of 200-800 nm. The FT-IR spectra
were recorded with an FT-IR (2000) Perkin Elmer using
KBr plate at room temperature in the range 4000—400 cm™!
with a scanning rate of 4 cm™!/min to identify the presence
of functional groups.

Photocatalytic activity

From MB degradation reactions with stimulated sunlight
irradiation condition, the photocatalytic activity of Chem
CuO-NPs and biosynthesized CuO-NPs was analyzed. In
this experiment, 100 ml of 5x 10~ M aqueous MB solu-
tion and 0.2 g of fine powder catalyst [from Chem CuO-
NPs and biosynthesized (10 ml) CuO-NPs] were taken. The
measurement period of photocatalytic activity was ranging
from 0 to 50 min. To achieve the adsorption, the adsorp-
tion—desorption equilibrium in between nanoparticles and
dye, the suspension was allowed for stirring in dark for

Absorbance of control — absorbance of test sample

poured into molten nutrient agar sterile cotton cloth poured
into stacks sterile wells made with a sterilized stell sterile
cork borer. The Solanum nigrum leaf extract, Chem CuO-
NPs and biosynthesized CuO-NPs were added to the well
aseptic conditions at various concentrations (50 and 100 pl).
The 25 pg of ciprofloxacin was used as positive control. The
plates containing the disks were incubated at 35 °C for 24 h.
Then the diameter of the barrier zone was measured and
tabulated in millimetres.

Antioxidant activity
DPPH radical assay

The aqueous leaf extract of Solanum nigrum, Chem CuO-
NPs and biosynthesized (10 ml) CuO-NPs were tested
for the scavenging effect on DPPH (1,1-Diphenyl-2-Picry
hydroxyl) radical methods, as reported in Das et al. [32].
Different concentrations of 15, 30, 60, 125, 250 and 500 pg/
ml of the test sample solution were added to an equivalent
volume of 0.1 mM methanolic DPBH solution. The reaction
mixture was incubated for 60 min at room temperature. The
optical intensity of the peak 517 nm was measured for the
mixture, which gives the antioxidant activity. Ascorbic acid
was as a standard to calibrate the resultant activity. The per-
centage of inhibition was calculated using the formula [33].

% DPPH scavenging activity = <

Absorbance of control

) % 100, »)

10 min. Subsequently, the suspension was placed under
sunlight radiation and took the reading after every 10 min
until 50 min and the colour of the suspension shifted from
the blue to colourless. The residual solution was analyzed
using UV spectrophotometer. The MB absorbed (%) on the
catalyst surface was calculated by from the following [31]:

C,—-C
0t % 100%, (1
CO

Degradation (%) =

where C, represents the initial in absorption and C, repre-
sents the absorption after various time intervals (min).

Antibacterial analysis

The antibacterial properties of aqueous leaf extract of Sola-
num nigrum, Chem CuO-NPs and biosynthesized (10 ml)
CuO-NPs was investigated using Kirby—Bauer disc diffusion
method [30]. This technique utilized a clinically isolated
bacterial culture, such as Gram positive (Bacillus subtilis,
Staphylococcus saprohyticus) and Gram negative (Escheri-
chia coli, Pseudomonas aeruginosa). Bacterial suspension

@ Springer

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging activities of aqueous leaf
extract of Solanum nigrum, Chem CuO-NPs and biosynthe-
sized (10 ml) CuO-NPs was measured using the deoxyri-
bose method [34]. The reaction mixture contained 0.8 ml of
phosphate buffer solution (50 m mol/l, PH 7.5), 0.2 ml of a
sample of different concentrations 15, 30, 60, 125, 250 and
500 pg/ml, 0.2 ml of EDTA (1.04 m mol/l) 0.2 ml of FeCl,
(1 m mol/l) and 0.2 ml of 2-deoxyribose (60 m mol/l). The
mixture was placed in tubes, closed tightly and incubated at
37 °C for 15 min. the reaction was stopped by adding 0.2 ml
of ascorbic acid (2 m mol/l) and 0.2 ml H,O, (10 m mol/l). It
was incubated at 37 °C for 1 h and then 2 ml of cold theobar-
bituric acid (10 g/1) was added to the reaction mixture. 2 ml
of HCL (25%) was added to the above mixture. The mixture
was heated at 100 °C for 15 min, the colour intensity of the
green was formed and it was measured with a spectropho-
tometer and stabilized at 531 nm. The result was ascorbic
acid as a standard for measuring activity. Scavenging per-
centage was calculated using the following formula [33]:
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% Hydroxyl radical scavenging
= [Absorbance of the control
— (Absorbance after adding sample
—Absorbance sample with deoxyribose)]

% 100 / Absorbance of the control. 3)

Results and discussion

The detailed study was carried out on biosynthesized CuO-
NPs prepared using aqueous leaf extract of Solanum nigrum
at various (5, 10, 15 and 20 ml) concentrations. Son et al.
[35] performed the qualitative chemical test on Solanum
nigrum leaf extract and established the presence of phyto-
chemicals such as, flavonoids, saponins, alkaloids, proteins,
glycosides, phenolic compounds, tannins, carbohydrates and
fats. This phytochemicals initially reduces the metal ions and
acts as stabling agent as well as in controlling the shape and
size of the nanoparticles [36]. Flavonoids present in Sola-
num nigrum leaf extract can be release a reactive hydrogen
atom, while tatutomeric changes are made from enol to keto
by reducing copper nitrate to CuO-NPs [37].

UV-visible analysis

Optical absorption properties of the synthesized CuO-NPs
are investigated by UV-visible spectroscopy. UV—visible
spectra of samples exhibit a broad absorption peak in the
range of 200—1200 nm as shown in Fig. 2a. The surface plas-
mon resonance (SPR) of the Chem CuO-NPs shows an exci-
tonic absorption edge at 342 nm. The SPR peak of the bio-
synthesized CuO-NPs using Solanum nigrum leaf extract (5,
10, 15 and 20 ml) are shifted to 372, 383, 364 and 358 nm,
respectively. The optical properties of metals oxides depend
on the particle size switching to the SPR band wavelength
[38]. The SPR absorption band at 383 nm indicates the good
formation of biosynthesized (10 ml) CuO-NPs which are
quite stable with no significant variance in the shape and
size as reported earlier [39]. At minimum concentration of
Solanum nigrum leaf extract (5 ml), no aggregation takes
place due to its deficiency of biomolecules. The higher con-
centrations of (15 and 20 ml) show a significant effect on the
synthesized CuO-NPs, here the more availability of phyto-
chemicals would act as reducing, capping and stabilizing
agent which stops the formation of nanoparticles aggrega-
tion [40]. The above result concludes that the optimised leaf
extract concentration is 10 ml. The estimation of bandgap of
synthesized CuO-NPs is done Tauc relation [2].

ahv = A (hv — Eg)'/?, )
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Fig.2 a UV-Vis spectra of Chem CuO-NPs and biosynthesized (5,
10, 15 and 20 ml) CuO-NPs. b Optical bandgap enegry of Chem
CuO-NPs and biosyntheiszed (5, 10, 15 and 20 ml) CuO-NPs

Table 1 Optical bandgap
energy of Chem CuO-NPs and
biosynthesized (5, 10, 15 and
20 ml) CuO-NPs

Samples Band gap (eV)

Chem 3.63
Bio (5 ml) 3.33
Bio (10 ml) 3.24
Bio (15 ml) 341
Bio (20 ml) 3.46

where hv is the photon energy (Js), a is the optical absorp-
tion coefficient (A/t) and A is energy independent constant,
Eg is the direct bandgap (eV). Figure 2b shows the optical
bandgap of Chem CuO-NPs and biosynthesized CuO-NPs,
respectively, and the bandgap value calculated is listed in
Table 1. From the table, confirms that biosynthesized CuO-
NPs which is quite low compare to Chem CuO-NPs. The
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bandgap energy decreases as the Solanum nigrum leaf
extract is increased from 5 to 10 ml, and on further increase
in the concentration of leaf extract to 15 and 20 ml, the opti-
cal bandgap energy is found to increased thereby confirming
the decrease in the crystalline size of the sample for the
concentrations, which could also be evidenced from XRD
analysis [14]. The decrease in bandgap is due to fact that
the crystal lattice is expanded and the interatomic bonds
weakened with the increase of leaf extract concentration.
The bond which easily breaks is called weaker bond and
from that can get an electron to conduction band [41]. The
biosynthesized (10 ml) CuO-NPs is highly effective and
can significantly enhance photocatalytic and antibacterial
application.

X-ray diffraction analysis
X-ray diffraction analysis is used to examine the crystal phases

and crystallinity of the obtained CuO-NPs. Figure 3a repre-
sents the XRD pattern of Chem and biosynthesized CuO-NPs.

The observed peaks corresponding to Miller indices (— 110),
(002), (111), (—202), (020), (202), (—113), (—311), (—220),
(311) and (—222) confirms that monoclinic structure of
CuO-NPs, which matched with the JCPDS card no: 45-0937.
This type of results is obtained from leaf extract of Lantana
camara-mediated CuO-NPs [3]. No impurity peaks other
than CuO are observed in the XRD pattern indicating that all
products have high phase purity. Moreover, the obtained dif-
fraction reflections are well defined with high intensity, which
clearly confirmed that the biosynthesized CuO-NPs are well
crystalline. The biosynthesized CuO-NPs, the shift of angle
(260) along major (002) and (111) diffraction planes as a func-
tion of phyotochemical present in the Solanum nigrum was
observed. These data reveal that the positions of peaks slightly
shifted toward the right side of the biosynthesized CuO-NPs
compared to Chem CuO-NPs, on further increasing the leaf
extract concentrations also the shift increase (Fig. 3b).

The crystallite size (D), dislocation density (&) and micro-
strain (¢) of the samples were estimated using equation [2, 3];
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Fig.3 a X-ray diffraction pattern; b the shift of peak position; ¢, d inter-relation between crystalline size, microstrain and dislocation of Chem

CuO-NPs and biosynthesized (5, 10, 15 and 20 ml) CuO-NPs
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where 6 is Bragg angle, f is the full width at half maximum
(FWHM), k is a shape factor (k=0.9 in this work), 4 is the
wavelength of incident X-rays (4=0.15406 nm) and (hkl) are
the Miller indices. The crystalline size of the Chem and bio-
synthesized CuO-NPs is ranged between 2.05 and 3.00 nm
as shown in Tables 2 and 3. From the table, it is observed
that the crystallite size of the particles increase with increase
in the concentrations of Solanum nigrum leaf extract from
5 and 10 ml and with further increase in the concentrations
to 15 and 20 ml, the crystallite size of the particles also
decreases gradually. The crystallite size decreased and it
confirmed the UV-visible spectral analysis. The minimum
crystalline size was observed for biosynthesized (5 ml)

CuO-NPs due to quantum confinement effect [33]. The
obtained crystallite size from the biosynthesized (5 ml) is
smaller from others leaf extract used to synthesize CuO-NPs
[3, 42, 43] and Solanum nigrum leaf extract using biosyn-
thesized Ag-NPs [29], Au-NPs [30], CeO,-NPs [33] and
ZnO-NPs [44]. The variation of crystalline size, microstrain
and dislocation density for the Chem and biosynthesized
CuO-NPs are shown in Fig. 3c, d. The microstrain is directly
proportional to the dislocation density and inversely pro-
portional to the crystalline size. The Solanum nigrum leaf
extract strongly affects the structural parameters like, crys-
talline size, microstrain and dislocation density are shown
in Fig. 3c-d and Table 3. The small dislocation density for
biosynthesized CuO-NPs indicates higher crystallisation
of the sample. Thus low concentration (5 ml) of biosyn-
thesized CuO-NPs shows high level of surface defects and
deteriorates crystal quality. But higher concentrations (10,
15 and 20 ml) of biosynthesized CuO-NPs show low level
of surface defects.

Table 2 Structural parameter

20 (°) Miler D space FWHM  Crystal Microstrain (¢)  Disloca-
O,f Chem C,uO'NPS and indices size D tion density
biosynthesized (5, 10, 15 and (hkl) (nm) (6)x 1015
20 ml) CuO-NPs
Chem 35.6024 002 2.51966 0.39660 2.20 0.0164 2.07
38.8464 111 2.31639 0.51000 1.72 0.0020 3.36
48.0619 —202 2.36231 0.36620 2.24 0.0151 1.74
Bio (5ml)  35.4295 002 2.53156 0.34520 2.52 0.0014 1.57
38.6661 111 2.32978 0.41970 2.09 0.0017 2.28
48.9837 —202 1.86884 0.41260 2.21 0.0016 2.05
Bio (10 ml) 35.5067 002 2.56241 0.26790 3.25 0.0011 0.94
38.7002 111 2.32481 0.29950 2.94 0.0012 1.16
48.7876  —202 1.86511 0.28060 3.25 0.0011 0.94
Bio (15ml) 35.5733 002 251662 0.28010 3.11 0.0011 1.03
38.7767 111 232040 0.32320 2.72 0.0013 1.35
48.8275 —202 1.86368 0.30980 2.94 0.0012 1.16
Bio (20 ml) 35.4687 002 2.52886 0.32480 2.68 0.0013 1.39
38.6847 111 232570  0.36950 2.38 0.0015 1.77
48.7412  -202 1.86677 0.38250 2.38 0.0015 1.76
Table3 Compared to the Samples Wavelength  Bandgap Average crystal-  Average micro- Average dislocation
w;lvelength, bandgap and (nm) energy (eV) line size (nm) strain (&) density (0) X 100
different structural parameter
of Chem CuO-NPs and Chem 342 3.63 2.05 0.0062 2.39
gg’fgl‘)‘tg‘:’l%z_‘;’\?}f:’ 10, 15 and Bio (5 ml) 372 333 227 0.0016 1.96
Bio (10 ml) 383 3.24 3.00 0.0011 1.01
Bio (15 ml) 364 3.41 2.94 0.0012 1.18
Bio (20 ml) 358 3.46 2.48 0.0014 1.64
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DLS and ZP analysis

The zeta potential and particle size distribution of Chem
and biosynthesized (10 ml) CuO-NPs are investigated by
dynamic light scattering (DLS) technique uses to form
hydrodynamic radius considering each particle as a sepa-
rate sphere in Brownian movement [30]. The shell thick-
ness of a capping or stabilizing agent consisting of metal
nanoparticles is determined by DLS analysis. A fine range
of particle size distribution is observed, average particle size
is calculated for Chem CuO-NPs and biosynthesized CuO-
NPs which are 78 and 55 nm, respectively and it is shown
in Fig. 4a, b.

Zeta potential (ZP) values expose details regarding the
surface area charge and also the stability of samples. Fig-
ure 4 (c-d) shows the average ZP values for Chem CuO-
NPs and biosynthesized (10 ml) CuO-NPs are —3.14 and
—27.12 mV, respectively. Since, ZP values above + 30 eV
or below —30 eV are high charge which makes repulsion
between particles to prevent coalescence and aggregation
of the nanoparticles [45]. The biosynthesized CuO-NPs
have good stability and it is clear with the ZP value of
—27.12 mV. The high negative value of ZP confirms that
the capping particles present on the surface of CuO-NPs
are comprised with negatively charged groups and charge
of moderate stability of the nanoparticles. Flavonoids and
protein present in the Solanum nigrum leaf extract could be
reason for the reduction of metal ions and to stabilize the
synthesized nanoparticles [30]. The observed zeta potential
is analogous in previous study [43].

HR-TEM analysis

The shape, size and morphology of Chem CuO-NPs and
biosynthesized (10 ml) CuO-NPs are using HR-TEM, which
is represented by Figs. 5, 6. The HR-TEM images reveal
that the particles have spherical morphology. The size dis-
tribution of Chem CuO-NPs and biosynthesized CuO-NPs
exhibit the average size to be 32 and 25 nm as shown in
Figs. 5f and 6f. A slight change in particle size and micro-
structure was observed in biosynthesized CuO-NPs when
compared to Chem CuO-NPs. Small particle are aggregated
and coated with a thin organic layer, which acts as a cap-
ping organic agent. This may well explain that, even at the
macroscopic level, the nanoparticles show a good dispersion
within the biodegradable aqueous solution [43]. Apart from
this, 2 nm resolution studies of synthesized nanoparticles
shows 0.24 and 0.27 nm ‘d’ space, which states the crys-
talline nature of nanoparticles (Figs. 5b, 6b). The surface
plot analyses of Chem CuO-NPs and biosynthesized CuO-
NPs images are shown in Figs. 5d, e and 6d, e. The biosyn-
thesized CuO-NPs have the highest porous nature, thereby
favouring the absorption of more dye molecules, which in
turn would improve the performance of photocatalyst. The
SAED pattern of Chem CuO-NPs and biosynthesized CuO-
NPs in Fig. 5c and 6¢ shows the reflection corresponding
to the monoclinic structure, and very well match with the
XRD analysis. The particle size of Chem and biosynthesized
(10 ml) CuO-NPs is compared to the XRD, DLS and HR-
TEM image as shown in Fig. 7. The particle size measured
by DLS is slightly bigger compare to HR-TEM micrographs
and this is due to the hydrodynamic radius [30].
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Fig.4 a, b Dynamic light scattering pattern; ¢, d zeta potential distribution of Chem CuO-NPs and biosynthesized (10 ml) CuO-NPs

@ Springer



Nanotechnology for Environmental Engineering (2020) 5:14

Page90of19 14

Fig.5 a HR-TEM image; b lat-
tice fringe; ¢ SAED pattern; d
particle size of Chem CuO-NPs
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FT-IR analysis

Figure 8 present the FT-IR spectra of synthesized CuO-NPs
and dried leaf extract of Solanum nigrum. The wave num-
ber and their corresponding functional group of the peaks
are given in Table 4. The Solanum nigrum leaf extract
show absorption peak at 3483.93, 2249.63, 1678.61 and
967.44 cm™'. The peak at 3483.29 and 2249.63 cm™' is
corresponded to bending vibration-free O—H bonding and

the presence of alkane C—H stretch [46]. The band around
1678.6 cm™! can be assigned to the amide I and II N-H
curves arising due to carbonyl stretching and peptide cou-
pling of proteins, respectively. The band around 967.44 cm™!
may be corresponding to stretching or binding of the car-
boxylic acid [47]. From the FT-IR analysis, the presence
of amides and carboxyl groups in the Solanum nigrum leaf
extract is confirmed. The carboxyl functional groups are
the main functional groups avail in the proteins, phenolic
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Fig.6 a HR-TEM image; b
lattice fringe; ¢ SAED pattern;
d particle size of biosynthesized
(10 ml) CuO-NPs
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compounds, flavonoids, vitamins, alkaloids, terpenes, tan-
nins and saponin [35]. These phytochemicals are responsible
for the bioreduction of copper nitrate into CuO-NPs.

The Chem CuO-NPs show absorption peak at 3414.26,
1489.21, 1072.94 and 849.12 cm™!. The band around
1489.21 cm™! confirms the deformation vibration of the
C-H of alkane group. The bands around 1072.94 cm™! is
attributed OH bending vibration and C-H stretching, indi-
cates the existence of a large number of hydroxyl groups

@ Springer

[48]. The various concentrations (5, 10, 15 and 20 ml) of
Solanum nigrum leaf extract using biosynthesized CuO-
NPs for the FT-IR spectra show characteristic absorp-
tion bands around 3400-3450 cm‘l, 1600-1630 cm™!,
1430-1450 cm™', 860-880 cm™', 590-620 cm™' and
470-490 cm™". The bands around 3400-3450 cm™' may be
to C=0 stretch of carboxylic acids [49]. The bands around
1430-1450 cm™! are corresponding to aliphatic C—H bend-
ing and stretching vibrational modes. The bands around
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Fig.7 Compared to size of XRD, DLS and HR-TEM Chem CuO-NPs
and biosynthesized (10 ml) CuO-NPs
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Fig.8 FT-IR spectrum of Solanum nigrum leaf extract, Chem CuO-
NPs and biosynthesized (5, 10, 15 and 20 ml) CuO-NPs

1600-1630 cm™~! may correspond to stretching vibrations
of primary and secondary amines [50]. The band around
860—880 cm™! can be assigned to the aromatic bending
vibration of C—H group [51]. The two important character-
istic bands appeared at 590-620 cm~! and 470-490 cm™!
are assigned to the Cu—O stretching vibrational mode [52].

For biosynthesized CuO-NPs, important broadening of
the spectral region is observed. An additional peak appeared
around 1609 cm™! is affecting the Solanum nigrum leaf
extract. The relative intensity of observed peaks is increased
with increasing concentrations of Solanum nigrum leaf

extract which indicates the infrared analysis. The flavonoids
in Solanum nigrum leaf extract are main reducing agents and
this could be responsible for the reduction of copper nitrate.
However, this peak is not present in the Chem CuO-NPs and
some of the peak positions in biosynthesized CuO-NPs are
slightly shifted. The shift is due to an interaction of Sola-
num nigrum leaf extract with CuO-NPs and solvent during
biosynthesis.

Photoluminescence analysis

The photoluminescence (PL) spectra of Chem and bio-
synthesized CuO-NPs are shown in Fig. 9. The PL spectra
have excitation wavelength of 325 nm. The PL spectra of
synthesized CuO-NPs show two peaks located at 439 and
478 nm, respectively. The blue emission band at 439 nm
is attributed to singly ionized Cu vacancies [53]. The blue-
green emission band at 478 nm is due to surface defects
in CuO-NPs associated with the transition between oxygen
intermediate defects and oxygen vacancies. The PL spectra
biosynthesized (5, 10, 15 and 20 ml) CuO-NPs values are
440-446 nm and 478-484 nm, respectively. When compared
to Chem CuO-NPs, the red shift is observed for the biosyn-
thesized CuO-NPs which may be from different origins like,
localization of charge carriers, electron photon coupling due
to lattice distortion, interface effects and point defects. The
changes in the emission values confirm the Solanum nigrum
leaf extract intermediated to CuO-NPs. Over all, it is clear
that in Chem CuO-NPs, the cluster of electronic excitations
occurs, which are not controlled by materials itself. In the
biosynthesized CuO-NPs, the oxygen vacancies and defects
which are present will bind the photoinduced electron easily
forms excitons and indicates the decrease in PL intensity.
The enhanced PL intensity and the good crystalline nature
of biosynthesized CuO-NPs exhibit desirable properties for
catalysis application.

Photocatalytic analysis

The photocatalytic activity is carried out by employing the
Chem and biosynthesized (10 ml) CuO-NPs as photocata-
lyst inorder to study the degradation of aqueous solution
of MB dye determined by open air sunlight. The catalytic
degradation of dye is shown in Fig. 10a, b. UV-Vis spectra
are recorded from 400 to 800 nm for various time intervals
0, 10, 20, 30, 40 and 50 min. The UV-Vis absorption peak
at 663 nm refers to the MB dye, which is reduced to dark
blue colour to colourless due to electron transfer. A band is
observed at 663 nm indicating that 85 and 97% of the dyes
are depleted in exactly 50 min, respectively, by the Chem
CuO-NPs and biosynthesized CuO-NPs. The improved
reduction rate by addition of the catalyst is because of the
intermediate redox potential value between the acceptor and
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Table 4 Functional group and

. Wave number (cm™')
commonly assigned component

Functional group and commonly

assigned component

of Solanum nigrum leaf S. nigrum  Chem CuO-NPs Bio CuO-NPs

extract, Chem CuO-NPs and leaf extract

biosynthesized (5, 10, 15 and Sml 10ml - 1Sml 20ml

20 m) CeO,-NPs 3483.93 3414.26 3422.74 341596 341096 3407.14 free O-H bonding
2249.63 2206.53 - - - - C-H stretching
1678.61 - 1609.32 1622.48 1626.38 1629.06 C=0 acid
- 1489.21 1439.85 1437.41 1453.01 - C-C stretching vibrations
967.44 1072.94 - - - - C-O stretching mode of vibrations
- 849.12 86247 85574 868.36 — C-O stretch
- - 615.18 608.94 595.18 615.78 C-H vibrations
- - 47528 48226 47298 47536 C=O stretch
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Fig.9 Photoluminescence spectra of Chem CuO-NPs and biosynthe-
sized (5, 10, 15 and 20 ml) CuO-NPs

donor through the electron transfer process [54]. Biosyn-
thesized CuO-NPs perform as efficient redox catalyst due
to its electron relay effect. Size of metal nanoparticles plays
an important role in the catalytic reduction, while increase
in the number of low coordinate copper atoms occurs with
decrease in the size of biosynthesized CuO-NPs, which
motivates the adsorption of the reactants on the catalyst
surface and facilitates the degradation. Hence, increase in
the surface area of the particles will significantly enhance
the efficiency of the catalyst.

Mechanism of photocatalytic activity

The photocatalytic activities mainly vary with the oxy-
gen vacancy variations. Based on the number of oxygen
vacancies present, the electron—hole pairs are separated.
The main advantage is that more oxygen vacancies would
allow quick electron—hole recombination, which results in

@ Springer

decreasing the photocatalytic activity for Chem CuO-NPs.
According to Malleshappa et al. [55],based on the concen-
tration of the defects at the surface level, the photocatalytic
activity changes. The surface defects increase, particle size
decreases and hence the charge carrier recombination rate
increases which results in the increased photocatalytic
activity. In the current study, biosynthesized CuO-NPs
show lower particle sizes that illustrate high photocatalytic
activity. This is due to the high efficiency of the separation
of photogenerated charge carriers, improved light absorp-
tion and larger specific surface area.

Based on the results, possible mechanism (Fig. 11) for
the MB dye photodegradation over synthesized nanopar-
ticles irradiated in sunlight is projected according based
on the reaction steps as given below [27]:

CuO +hv - CuO (e” +h*), 8)
CuO(h*) + OH™ — OH, )
CuO (e*) + 0, — 05, (10)
O; +H* - HO”, (11)
CuO (¢7) + H" + HO,, » OH + OH", (12)

Oy +HO,, + OH or (h+) + MB dye degradation product.
13)

From the reaction steps shown, when the biosynthe-
sized CuO-NPs are irradiated with sunlight, the valence
band (VB) is excited to the electron (¢™) conduction band
(CB), while an equal number of holes are generated in the
valence band (VB). To create OH™ radical species, pho-
toinduced holes interact directly with MB dye. This is a
strong oxidant for the mineralization of MB. To yield OJ,
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Fig. 11 Proposed mechanism
for photodegradation of MB by
synthesized CuO-NPs
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Kinetic studies

The pseudo first-order kinetics degradation of MB dye by
photocatalysts is [33]:

In (Co/C,) = —kt, (14)

where ¢ is the reaction time (min), k is apparent reaction
rate constant, C, is initial concentration of aqueous MB,
and C is the concentration of aqueous MB at the reaction
time of ¢ (min). The kinetics of photodegradation of MB
dye by Chem CuO-NPs and biosynthesized CuO-NPs are
calculated and obtained results are shown in Fig. 10c. From
the pseudo-first-order rate equation, the rate constant (K) for
MB dye degradation by synthesized CuO-NPs is determined.
The plot of In (Cy/C)) as a function of irradiation time pro-
duces the rate constant values 0.0069 min~'. Furthermore,
the fitting correlation coefficient (R?) is determined to be
0.9650. Biosynthesized CuO-NPs has rate constant value
0.01 min~! and fitting correlation efficient (R?) is determined
as 0.9959. Finally, it is concluded that the C/C, is decreased
with increase of time and vice versa and the percentage of
dye degradation is increased with increase of time and it
is shown in Fig. 10d. According the result, the Solanum
nigrum leaf extract using biosynthesized CuO-NPs shows
better photocatalytic activity on MB dye compared to other
plant extracts and the results are given in Table 5.

Antibacterial activity

The antibacterial activity of aqueous leaf extract of the
Solanum nigrum, Chem and biosynthesized (10 ml) CuO-
NPs is evaluated by measuring zone of inhibition (ZOI)
with various concentrations (50 and 100 pl) against various
pathogenic organisms. The antibacterial activity of samples
is compared with two Gram-negative and two Gram-posi-
tive bacterial cultures such as, B. subtilis, S. saprophyticus,
E. coli and P. aeruginosa in a different concentrations, as

it is clearly shown in Fig. 12. The diameter of ZOI is given
in Table 6. The aqueous leaf extracts of Solanum nigrum
have highest inhibition zone and it is observed against E.
coli (12+0.1 nm), B. subtilis (11 +£0.3 nm), S. saprophyti-
cus (10+£0.2 nm) and P. aeruginosa (8 +£0.5 nm) at con-
centration of 100 ul. In Chem CuO-NPs, highest inhibition
zone is formed against E. coli (15+0.4 nm), B. subtilis
(13£0.1 nm), P. aeruginosa (12+0.6 nm) and S. sapro-
phyticus (11 +0.2 nm) at concentration of 100 pl.

The biosynthesized CuO-NPs exhibit excellent antibacte-
rial activity against all tested microorganisms. When com-
pared to aqueous leaf extract of Solanum nigrum and Chem
CuO-NPs at a concentration of 100 ul, maximum inhibition
zone is observed against E. coli (21 +£0.3 nm), B. subtilis
(19+0.5 nm), S. saprophyticus (18 +0.2 nm) and P. aer-
uginosa (18 £0.7 nm). From this result concentration of
CuO-NPs, when they are extended the inhibition zone is
also increased. Biosynthesized CuO-NPs have high inhibi-
tion zone against Gram positive and Gram negative in vari-
ous concentrations when compare to aqueous leaf extract
of Solanum nigrum and Chem CuO-NPs. The maximum
antibacterial activity is observed by Gram-negative bacteria
than the Gram-positive bacteria due to their cell structure.
Both bacteria differ in their cell structure. A Gram-positive
bacterium contains single thick cell wall which is made up of
peptide glycan layer. It has very less toxicity due to thicker
layers, whereas Gram-negative bacteria contains double thin
layers cell which is made up of lip polysaccharide layer and
it is followed by peptide glycan layer. The peptide glycan
layer in Gram negative is thinner than the layer in Gram
positive. The Gram-negative bacteria also has repeated unit
of amino acids and carbohydrate [30]. Previous studies
report that the interaction of CuO-NPs towards the Sola-
num nigrum leaf extract (phenolic and flavonoids) has high
affinity for the bacterial cell surface, it binds to bacteria as
a subsequent release of Cu ions cell membrane protein and
DNA causes cell disruption membrane and DNA is damaged
[57]. Due to the small particle size and large surface area of
biosynthesized CuO-NPs, it exhibit an excellent antibacterial

Table 5 Comparison of phototcatalytic activity of CuO-NPs prepared from different plant extract

Materials used Biological entity pollutant Degradation effi- Time of degradation References
ciency (%)

CuO-NPs Chemically Methylene blue 85 50 min Present work
CuO-NPs Solanum nigrum leaf Methylene blue 97 50 min Present work
CuO-NPs Lemongrass leaf Methylene blue 80 300 min [26]
CuO-NPs Aspergillus fumigates leaf Methylene blue 97 200 min [24]
CuO-NPs Sida acuta leaf Methylene blue 93 100 min [28]
CuO-NPs Solanum lycopersicum leaf Methylene blue 97 300 min [39]
CuO-NPs Madhuca longifolia leat Methylene blue 77 120 min [25]
CuO-NPs Psidium guajava leaf Nile blue 93 120 min [56]
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Fig. 12 Antibacterial activity
of Solanum nigrum leaf extract,
Chem CuO-NPs and biosynthe-
sized (10 ml) CuO-NPs

100pL, Chem

\, 100puL sn ey
geruginosa

Table 6 Antibacterial activity

; Bacteria Zone of inhibition (mm) Standard
of Solanum nigrum leaf extract,
Chem CuO-NPs, biosynthesized 50 pul 100 pl
(10 ml) CuO-NPs and standard - -
against human pathogenic Chem Solanum  Bio Chem Solanum  Bio
bacteria CuO-NPs  nigrum CuO-NPs  CuO-NPs  nigrum CuO-NPs
B. subtilis 2 7 11 11 13 19 25
S. saprophyticus 2 8 6 10 11 18 25
E. coli 3 8 12 12 15 21 26
P. aeruginosa 1 6 9 8 12 18 25

activity compare to Chem CuO-NPs and Solanum nigrum
leaf extract. Raghupathi et al. [58] have reported that small
particle size is highly effective in inhibiting the growth of
bacteria. Correlation between size of the particles and anti-
bacterial activity is reported by Jeong et al. [59]. However,
similar kind of antibacterial activity is proposed by Raja
Naika et al. [28] and Arunkumar et al. [3]. Due to presence
of terpenoids, tannins, flavonoids, alkaloids, carbodydrates,
saponins, proteins and amino acids in Solanum nigrum leaf
extract show potential bio-reducing and also bactericidal

activity against the tested bacteria. This could be useful for
biomedical applications.

Antioxidant activity

The antioxidant activity is one of the most important fun-
damental studies of nanomaterials [60]. Antioxidants play
an important role in all living systems. In biological sys-
tems, free radicals are formed as a result interaction of
biomolecules with molecular oxygen [61]. In the present
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work, biosynthesized CuO-NPs show efficient antioxidant
activity compare to Chem CuO-NPs due to their capping
agent and it has great potential free radical. The present
results are evident that the biosynthesized CuO-NPs not
only have higher inhibitory action but also capping agent
of the nanoparticles. The capping agents determine the
surface charge and chemical properties of nanoparticles.
They play an important role in free radical scavenging
[62].

DPPH radical scavenging activity

DPPH is a standard nitrogen-concentrated free radical that
is commonly used to relax the intensive scavenger func-
tion of compound or vegetation extraction. The standard
DPPH intensity is reduced by the acceptance of hydrogen
or electron [63]. The in vitro radical scavenging ability of
the Solanum nigrum leaf extract, Chem CuO-NPs and bio-
synthesized (10 ml) CuO-NPs is evaluated by DPPH radi-
cal scavenging assays. Reduced activity of the samples was
measured by changing the color of DPBH from the initial

=
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M S.nigrum leaf extract
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i Bio CuO-NPs
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Fig.13 a DPPH free radical; b hygroxyl radical scavenging assay
of Solanum nigrum leaf extract, Chem CuO-NPs and biosynthesized
(10 ml) CuO-NPs
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blue/purple solution to yellow, the solubility of the Solanum
nigrum leaf extract, Chem CuO-NPs and biosynthesized
CuO-NPs. The results of free radical scavenging activity at
different concentrations (15, 30, 60, 125, 250 and 500 pg/ml)
of samples are determined and compared with ICs, values
with to the standard antioxidant ascorbic acid as shown in
Fig. 13a.

At concentration 15-500 pg/ml, the Soalnum nigrum
leaf extract shows scavenging rate ranging from 3 to 51%,
Chem CuO-NPs show 9% to 62%, biosynthesized CuO-NPs
show 19-90% and standard ascorbic acid show 28-95%. The
above observed activity is lower than that of the standard
vitamin C. Compare to the Solanum nigrum leaf extract,
Chem CuO-NPs and biosynthesized CuO-NPs, ascorbic
have the highest radical scavenging activity with the low-
est ICs, pg/ml (125.34). Solanum nigrum leaf extract has
the lowest radical scavenging activity with the highest ICs
ug/ml (189.12), Chem CuO-NPs show ICs, ug/ml (163.97)
and biosynthesized CuO-NPs show moderated scavenging
activity with IC5, ug/ml (131.54). The lower ICs, pug/ml val-
ues reflect the greater potency for antioxidant activity of
the sample. The results for DPPH free radical scavenging
activity (ICs, ug/ml) of Solanum nigrum leaf extract, Chem
CuO-NPs, biosynthesized CuO-NPs and standard, produced
by different concentrations, are presented in Table 7a.

Table7 (a) DPPH free radical scavenging activity Solanum nigrum
leaf extract, Chem CuO-NPs, biosynthesized (10 ml) CuO-NPs and
ascorbic acid (standard), (b) hydroxyls radical scavenging activ-
ity of Solanum nigrum leaf extract, Chem CuO-NPs, biosynthesized
(10 ml) CuO-NPs and ascorbic acid (standard)

Concentra- S. nigrum  Chem CuO-NPs Bio CuO-NPs Standard

tions (ug/  leaf extract

ml)

(@)
500 51+23 62+13 90+10 95+31
250 29+92 51+42 75+30 80+52
125 21+13 3040 59+12 71+83
60 14+34 24 +42 48+19 57+15
30 7+01 16+19 31+92 37+76
15 3+12 9482 19+34 28+34
ICs, 189.12 163.97 131.54 124.34

©)
500 51+43 72+24 93+13 97+21
250 30+12 52+54 77+24 82+13
125 21+43 46 +83 61+42 68 +45
60 15+19 31+38 49+19 55+17
30 8+13 17+18 28+10 35+38
15 4+12 9+21 17+15 20+23
ICs, 184.13 159.34 129.42 119.92
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Hydroxyl radical scavenging activity

Hydroxyl radical can be generated by the Fenton reaction
in the presence of reduced intermediate metals and H,O,,
known as the major active oxygen species that causes lipid
peroxide and enormous biological damage. Scavenging OH’
is an important antioxidant activity. Because of their reactiv-
ity, OH' reacts with many molecules found in living cells,
such as amino acids, sugars, lipids and nucleotides [64] and
removes OH" which is very important for the protection of
living systems. The OH scavenging potential of various
solvents of, Solanum nigrum leaf extract, Chem CuO-NPs
and biosynthesized (10 ml) CuO-NPs are shown in Fig. 13b.
The concentrations at 15-500 pg/ml inhibitions are found
to be 4-54% for Solanum nigrum leaf extract, 9-72% for
Chem CuO-NPs, 17-93% for biosynthesized CuO-NPs and
20 to 97% for Vitamin C. Compared to the Solanum nigrum
leaf extract, Chem CuO-NPs and biosynthesized CuO-NPs,
ascorbic have the highest radical scavenging activity with
the lowest ICy, ug/ml (129.34). Solanum nigrum leaf extract
has the lowest radical scavenging activity with highest ICs
pg/ml (184.13), Chem CuO-NPs show ICy, ng/ml (159.34)
and biosynthesized CuO-NPs show moderated scavenging
activity with ICs, ng/ml (135.42). The results for hydroxyl
free radical scavenging activity (ICs, pug/ml) of Solanum
nigrum leaf extract, Chem CuO-NPs, biosynthesized CuO-
NPs and standard, produced by different concentrations, are
presented in Table 7b. The lower IC, values greater the
hydrogen-donating ability and thus the antioxidant activ-
ity of the free radical scavengers [61]. CuO-NPs synthe-
sized, characterization and antioxidant activity, is reported
by Ghung et al. [65], Liaz et al. [66] and Rajeshkumar et al.
[67]. The above results show that Solanum nigrum leaf
extract is a good source of phenolic compounds and flavo-
noids. The flavonoids and phenolic have been reported to be
the most important phytochemical responsible for antioxi-
dant activity [68]. In this work, the CuO-NPs synthesized
using leaf extract of Solanum nigrum show antioxidant activ-
ity due to capped phenolic compounds. The phenolic group
facilitates the conversion of copper nitrate to CuO-NPs due
to be electron donating ability.

Conclusion

Biosynthesis of nanoparticles offered an attractive alternate
to chemical synthesis methods. Solanum nigrum leaf aque-
ous extract was utilized in the synthesis of metal and metal
oxide nanoparticles. The optical bandgap of chemical and
biosynthesized CuO-NPs was found to vary from 3.63 to
3.24 eV. XRD pattern exhibited the monoclinic structure
of the synthesized CuO-NPs. Spherical-shaped morphol-
ogy was found for chemical and biosynthesized CuO-NPs

and it was confirmed by HR-TEM. The higher negative zeta
potential value indicates better stability of biosynthesized
CuO-NPs. The FT-IR studies revealed that the reducing
CuO-NPs by flavonoids and phenols become helpful in
capping and stabilization of particles. The small crystallite
size of biosynthesized CuO-NPs had significant catalytic
performance because of their high surface volume ratio and
provided active sites of the reactant molecules to interact.
The antibacterial and antioxidant were studies on chemical
and biosynthesized CuO-NPs and confirmed that the bio-
synthesized CuO-NPs possessed an enhanced antibacterial
activity against for Gram-negative and Gram-positive bacte-
rial strain and also a strong DPPH radical antioxidant effect.
Thus, it is concluded that biosynthesized CuO-NPs are more
efficient, nontoxic and eco-friendly. They elicit their future
treatment of polluted water bodies with dyes and also prom-
ising candidate for many medical applications.
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