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ABSTRACT

We report the fabrication of biogenic CuO NPs by green chemistry concept using agriculture waste durva grass extract as stabilizing and
capping agent. The green methods offer few advantageous over the common physical and chemicals procedures due to easy, fast and
eco-friendly i.e. without using costly and hazardous chemicals. The synthesized CuO NPs were characterized using different
instrumental techniques such as UV-Vis, IR, XRD and TEM. UV-Vis spectroscopy confirmed the presence of CuO NPs by SPR peak at
299 nm. Fourier transform infrared spectroscopy FTIR) identified the characteristic functional groups of synthesised CuO NPs as well as
extract and Powder-XRD conformed for the crystalline nature of CuO NPs. The morphology of the synthesized CuO NPs was monitored
by transmission electron microscopy (TEM). In addition, we have performed photocatalytic activity towards pollutant dyes such as
Rhodamine B and Congo red. Our study results suggest that the synthesized CuO NPs exhibited good catalytic activity and it could be

promising material for the removal/degradation of pollutants dye from waste water.
Keywords: Agro-waste Durva grass, CuO NPs, Photocatalytic activity, Pollutant Dyes; Rhodamine B, Congo red.

1. INTRODUCTION

In the last decades nanoparticles (NPs) and nanocatalysts
have become very promising materials in nanochemistry, because
of smaller size with high surface area favors enhanced catalytic
activity with respect to bulk materials. Predominantly copper
oxide NPs (CuO NPs) has various applications in the
nanotechnology due to their good catalytic activity and
antibacterial properties [1, 2]. The properties of NPs mainly
depend on their size, shape, structure, composition and
morphologies [3]. These tiny particles have been synthesized by
physical, chemical and biological methods [4, 5, 6]. These are
expensive methods and require high temperature, pressure and
energy since other reagents and solvents used are potentially
hazardous to the environment and biological systems. Hence an
ecofriendly process for the synthesis of NPs which does not use
hazardous toxic chemicals is needed urgently [7, 8]. Synthesis of
NPs using plants as a possible alternative method to physical and
chemical process are considered due to environmentally eco-
friendly and using nontoxic solvents and reagents [9]. The
synthesis of metal NPs using various plants extracts including
watermelon rind is reported [10]. The uses of CuO NPs are very
important for its incredible and selective catalytic activity [11].
Nowadays residual organic dyes in effluents of different industries
such as textiles, paper, paints, printing, plastic, pharmaceutical,
cosmetic, medicine, food industries are a global concern. The
textile industries play a major role in the economy of the USA and
the associated countries. It accounts for the largest spending of
dyestuffs @ 80% taking overall account, which amounts about to
80000 tons in India. India ranks second after China in the export
business of dyestuff. Actually, about 10° - 10° tons of synthetic
dyes produced annually are released into the environment as
wastewaters globally. Being hazardous to the environment even 1
mg/L of dye can cause serious problems to environments. Dyes

contaminated wastewater is toxic, poisonous, dangerous, and
carcinogenic to living beings [12]. Hence the international
environmental standards have become more and more
technological dependent for the removal of organic pollutants such
as dyes. Thus the remediation of all unwanted dyes i.e. Methylene
blue (MB), Congo red (CR), Rhodamine B (Rh-B) and Methyl
orange (MO) in waste water is a challenging task to the
environmentalists.

The various methods accessible for the degradation of organic
pollutants such as biological, physical, and chemical techniques
including aerobic, anaerobic, coagulation, chemical oxidation,
membrane separation, electrochemical treatment, dilution,
filtration, ion exchange and RO membranes are active in waste
water treatments with regard to removal of dye stuff [13-15].
Many techniques have been widely applied in wastewater
treatments but they are associated with some drawbacks for their
applications. Hence safe and cheap technologies are highly
preferable for remediation. Recently enhanced catalytic
degradation of pollutants finds some importance in the treatment
of wastewater generated from industrial and living sources
[16, 17]. Among different catalysts nanocatalysts have undergone
enormous growth in recent years and seem to be an emerging
material in the field of catalysis in the near future [18].

The present study focused on the biosynthesis of copper oxide
nanoparticles (CuO NPs) from agro-waste durva grass aqueous
extract for the first-time. The green-synthesized CuO NPs was
used for the degradation of environmentally harmful dyes.
Especially the ability of the synthesized CuO NPs as an efficient
green photocatalyst in degrading Rhodamine B and Congo red was
investigated by UV irradiation at room temperature in the present
study.
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2. EXPERIMENTAL SECTION

Materials.

Cu (NOs), .3H,0, Rhodamine B (RB), and Congo red (CR) were
purchased from Sigma-Aldrich, India. Distilled water was used as
a solvent and all analytical grade reagents were used. Fresh durva
grass was collected from the agriculture crop field of AP state,
India.

Collection and Preparation of Durva Grass Aqueous Extract.
The green durva grass was collected from sunflower crop
cultivated agricultural land. After washing thoroughly durva grass
was cut into small pieces and washed with hot water repeatedly to
remove soluble matters, then dried in an oven at 60 °C for 3h. The
oven-dried powder was sieved through 100 mesh sieve. 100 mL of
distilled water containing 3 g powder was heated in a water-bath at
80 °C for 30 min to prepare aqueous extract. The extract was
cooled, filtered through Waterman filter paper and was stored for
the synthesis of CuO NPs.

Synthesis of Copper Oxide Nanoparticles.

0.3624 g copper nitrate (0.05 M) was dissolved in 30 mL double
distilled water and then 30 mL of freshly prepared aqueous extract
was added dropwise with stirring thoroughly at 70 °C for 3h. The
colour change from light green to dark brown during the heating
process was due to the surface Plasmon resonance of CuO NPs
formed which was further confirmed by UV-Visible spectroscopy.
The obtained colloidal solution was centrifuged at 5000 rpm for
30 min, then black precipitates were washed thrice with absolute
ethanol followed by double distilled water to remove any
biomolecules and impurities present. The obtained fine pellet was
dried on a hot plate at 60 °C for 20 min, crushed into powder and
then was annealed at 500 °C 3h to get crystalline CuO NPs.
Characterization of Synthesized CuO NPs.

The preliminary characterization was carried out by a UV-Visible
spectroscopy  (Jasco V-670 UV-Visible double beam
spectrophotometer). The absorption intensity of the synthesized
colloidal CuO NPs solution was recorded in between wavelength
range of 200 to 800 nm, and the obtained data was re-plotted by
using Origin 8.5 software.

FTIR analysis was carried out to detect the presence of functional
groups in durva grass extract and on the surface of the synthesized
CuO NPs. Separated dried CuO NPs was used for XRD and FTIR
analysis. The purified dried CuO NPs was analysed using in KBr

3. RESULTS SECTION

Initially the formation of CuO NPs indicated colour change
from light yellow to dark brown and also the formation of CuO
NPs was confirmed by UV-Visible spectroscopy where the
absorbance of the NPs dispersion was monitored at 200 nm to 800
nm. Fig. 1(A) shows the clear surface Plasmon resonance (SPR)
band at 299.75 nm which confirms the formation of CuO NPs. The
photocatalytic activity of CuO NPs depends upon its optical band
gap energy. Optical band gap energy of the synthesized CuO NPs
was determined by Tauc equation (i).

a=C (ho-Eg)......... (i)

pellets by Shimadzu IR AFFINITY-1 (JASCO FT-IR 4100)
against durva grass powder as control in the diffuse reflectance
mode at a resolution of 4cm™. The XRD analysis of purified CuO
NP was carried out by using a Bruker D8 Advance diffractometer
with Cu Ka radiation (A=1.54 A, scanning range (26 value) of 10°
to 90°, scanning rate of 4’ /min and step size of 0.02").

The high resolution transmission electron microscopy (HR-TEM)
checked the size and shape of the synthesized CuO NPs. The
selected area electron diffraction (SAED) pattern was recorded
using a JEOL-JEM 2100 transmission electron microscope with an
acceleration voltage of 200 kV. Initially 15 mg CuO NPs pure
solid powder was dispersed in 2 mL absolute ethanol by
sonication for 10 min using an ultrasonic bath for microscopic
analysis. The TEM samples of CuO NPs were prepared by placing
a drop of solution on the lacey carbon coated copper grids
followed by evaporation of solvents from grids at ambient
conditions for TEM analysis.

Dynamic light scattering (DLS) study was carried out to determine
Zeta potential in predicting the stability of CuO NPs in agqueous
dispersion by using Horiba scientific nanoparticci (nanoparticles
analyzer, SZ-100). The suspension was measured in cell culture
medium at 25 °C and 150 V in triplet for each sample. Also,
polydispersity indexes (PDI) was determined at 20 °C with a
scattering angle of 173° in triplicate. Deionized water was used as
a source of dispersing medium, while standard Malvern-50 v was
used to calibrate instrument before analysis of samples.
Photocatalytic Activity of CuO NPs.

The photocatalytic activity of synthesized CuO NPs was carried
out in an aqueous medium against degradation of organic dyes
Rhodamine B (Rh-B) and Congo red (CR) by using Heber
multilamp photoreactor under UV irradiation (A na 254 NmM) at
125 W and low-pressure. 60 mL dye (10 mg/L) in 100 mL
capacity of quartz tube was continuously stirred under dark in the
absence of catalyst; the variation in absorption intensity was
monitored by UV-Visible spectroscopy. The second phototube
containing 60 mL dye solution (10 mg/L) with different doses of
CuO NPs (10, 20, 30 mg) was irradiated with UV light inside
photoreactor. The photodegradation of organic dyes was observed
by measuring absorption intensity of the dye solution at regular
time intervals within Aya 0Ff 200-800 nm.

where, a is the absorption coefficient, C is the constant, hv is the
photon energy and Eg is the optical band gap energy respectively.
Fig. 1(B) shows the UV-Vis DRS plot of the synthesized CuO
NPs where a plot is drawn keeping (cthv)® as Y-axis vs. hv as X-
axis. The band gap energy (Eg) of CuO NPs is calculated by using
the formula (i) as 2.62 eV which suggests its semiconducting
property.

The measurement of zeta potential value was determined by using
photon correlation spectroscopy (PCS) i.e. dynamic light
scattering (DLS) study. The zeta potential value of CuO NPs’
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dispersion was -39.7 mV. The high negative value indicates that
CuO NPs repelled to each other in dispersion resulting high
elctrophoretic  mobility of NPs  which prevented
aggregation/agglomeration of NPs [19]. The higher zeta potential
values result in higher dispersion or more stability in solution
(Fig. 1C).
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Figure 1. UV-Visible absorption spectrum of the synthesized CuO NPs
(A), UV-DRS plot of CuO NPs (B), DLS spectrum of CuO NPs for Zeta
potential analysis (C).
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Figure 2. XRD pattern of the synthesized CuO NPs using durva grass
agueous extract.

X-ray diffraction study was performed to get information on
crystallinity and phase formation as well as purity of
nanomaterials. X-ray diffraction pattern of the synthesized CuO
NPs is shown in Fig. 2. XRD pattern shows characteristic
reflections peaks at hkl values of (110), (-111), ((111), (-202),
(020), (202), (-113), (022), (203), (-313) suggesting FCC crystal
structure with lattice parameter “a” of 4.09 A [20]. The (111)
lattice plane is more intense because of its predominant orientation
than other peaks and the broaden Bragg’s peaks indicate the
formation of smaller crystallites. The obtained XRD pattern is
compared with JCPDS data card (JCPDS NO: 96-901-5925) which
confirms crystalline nature of the synthesized CuO NPs.

The average crystallite size is calculated by using Scherrer
equation as

D =KMBCos() ......... (i)

Where D is the average crystal size, A is X-ray wave length (A
=1.5406 A, K is the Scherrer coefficient (0.891), P is the full

width at half maximum intensity (FWHM) in radians, and 0 is
Bragg’s angle (20). The average crystallite size was 26 nm.

Fig. 3(A) shows the FTIR spectrum of the synthesized CuO
NPs and durva grass aqueous extract was also analysed to
investigate biomolecules present in durva grass extract responsible
for the synthesis of CuO NPs and stabilization of NPs via surface
capping of biomolecules on its surfaces [21]. FTIR spectrum (Fig.
3B) of the plant extracts shows predominant bands at 3280.92,
2922.91, 1732.08, 1570.06 cm™, 1072.42, and 457.13 cm™. The
broad band around 3100-3600 cm™ corresponds to —OH stretching
frequency of polyphenolic compounds, glucose or NH- stretching
of amino acid and proteins. The band at 2850-2950 cm™
corresponds to alkyl C-H stretching frequency, band at 1732.08
cm corresponds to carbonyl of carbohydrates. The band at 434.62
cm corresponds to metal-oxygen (Cu-O) stretching vibration of
CuO NPs (Fig. 3A).
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Figure 3. FTIR spectra of the synthesized CuO NPs (A) and durva
grass aqueous extract (B).

Fig. 4 demonstrates the TEM, HR-TEM, SAED pattern and
EDX (energy dispersive X-ray) micrographs of the synthesized
CuO NPs. Fig. 4(A) exhibits particles size distribution and the
majority of CuO NPs was within 30-45 nm with a mean diameter
of 35 nm which supports the crystallite/grain size obtained from
the XRD diffraction pattern by using Scherrer’s equation (Fig.
4B). Fig. 4(C) shows the inter-planar distance i.e. d-spacing value
of 0.264 nm which corresponds to lattice spacing (111) plane. Fig.
4(D) shows SAED pattern where bright spots are arranged in the
form of concentric circles indicating the polycrystalline nature of
CuO NPs [22]. Fig. 4(E) shows EDX spectrum of CuO NPs which
basically check the purity of the NPs by analyzing chemical
composition of the sample. It clearly shows that the atomic % and
weight % of Copper are 56.01 and 43.02; atomic % and weight %
of Oxygen are 83.49 and 16.51 respectively. The above results
suggest that CuO NPs are pure and polycrystalline in nature. Fig.
4(F) shows the particles size distribution within the range of 15-90
nm with a mean diameter of 35 nm.

Photocatalytic Degradation of Dyes.

Several industries discharge a huge amount of toxic
chemicals including coloring agents which are light sensitive.
Among all colouring agents, Rh-B and CR are more stable organic
substances with heterocyclic aromatic rings [23, 24]. Heterocyclic
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aromatic rings exhibit strong resistance to heat and light.
Environmentally nanoparticles are considered to be less toxic and
have high photocatalytic activity with large surface areas. Among
different M/MO NPs (Table 1), CuO NPs with high photocatalytic
activity is studied extensively towards degradation of Rh-B and
CR dyes under UV irradiation.

Figure 4. HR-TEM micrographs of CuO NPs at 200 nm magnification
(A), 20 nm magnification (B), 5 nm magnification (C), SAED pattern of
CuO NPs (D), EDX spectrum of CuO NPs (E) and particles size
distribution of CuO NPs by DLS (F).

The photocatalytic degradation of Rh-B and CR dyes was
evaluated by the photocatalyst CuO NPs in a photoreactor fitted
with UV multilamp (125 W, Ana 254 nm). 20 mg CuO NPs was
added to 60 mL dye (10 mg/L) solution with stirring for 30 min at
room temperature to reach adsorption-desorption equilibrium
under UV irradiation (125 W, 254 nm). All dye samples were
collected every 10 min intervals after UV irradiation for 90 min
until colorless solution of Rh-B dye and monitored by UV-Vis
spectroscopy (Fig. 5A).
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Figure 5. Degradation of Rh-B dye by catalyst CuO NPs (A) and

without catalyst CuO NPs (B), degradation of CR dye by catalyst
CuO NPs (C) and without catalyst (D) under UV irradiation.
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The dye degradation was monitored by UV-Visible spectroscopy
at 665 nm for Rh-B and at 556 nm for CR dye respectively. All
samples were collected every 10 min intervals up to 110 min until
a complete colorless solution of CR dye (Fig. 5C). Also, the
degradation of dyes was measured by UV-Visible spectroscopy

without catalyst as the control sample. There was no change in
absorbance value of dye without catalyst CuO NPs (Fig. 5B&D).

Fig. 6(A&B) shows the effect of catalyst doses (10, 20, and
30 mg) on degradation kinetics of dyes. The degradation rate of
Rh-B and CR dyes was increased with an increase in catalyst dose
[25, 26]. Also, degradation efficiency was increased i.e. time taken
for degradation decreased with higher catalyst dose.
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Figure 6. Effect of catalyst dose on degradation of Rh-B dye: First order
linear plot of In (C/Cy) vs. time (min) (A), degradation efficiency (%) of
Rh-B dye (B).

The degradation efficiency of Rh-B and CR was calculated by
using the following formula as Degradation of Dye (%) = [(Co-
Cy*100/C,], where Cy and C; are a concentration of dye at time
‘zero’ and time ‘t’ respectively. The obtained results show that
98% of Rh-B degraded within 90 min and 95% of CR degraded
within 110 min which suggest that CR is a stronger organic dye
than Rh-B i.e. the catalyst CuO NPs degraded Rh-B quickly
compare to CR degradation at a particular dose of catalyst. The
obtained results are compared with other reported literatures on
dye degradation (Table 1).

s 100 95 min I: 110 mi
A * 10 (mgls k=005 ma” B A ~
o A L]
05 ® 20(mgik=00704mn" ~ 0 . A 130 min!
o o~

| A 30(mgik=00964mn” < .

’ g po X —a—10 (mg)
s £ 604 o *20(mg)
3‘ i E " A 4— 30 (mg)
~ 204 g ” 2
£ £ 409 A ow

3 N
254 =E‘ o N
& 0] F
304 ¥
B I s e e e i e e LUl s e S e e s T T T
0 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 0 10 20 30 40 50 60 70 80 90 100 110 120 130

Time (min) Time (min)

Figure 7. Effect of catalyst dose on photo-degradation of CR dye: First
order linear plot of In(C/Cy) vs. time (A), degradation efficiency (%) of
CR dye (B).

The degradation efficiency of NPs depends on its size, surface
area and morphology [27]. The degradation rate of dye was
increased with NPs having lower band gap value which can
readily generate electron-hole pairs easily available for
photodegradation on UV irradiation like CuO NPs. Hole can
highly oxidise the organic molecules into carbon dioxide and
water molecules; while the excited electrons are scavenging by
‘O’ in the environment forming super oxide which is a very
strong oxidising agent. The photocatalytic degradation of dyes by
photocatalyst CuO NPs depends on three important parameters i.e.
size of CuO NPs, bandgap energy and nature of dyes. Normally,
more number of aromatic ring, hetero-aromatic rings and azo dyes
are strong/stable dyes such as CR dye which is stronger dye than
Rh-B dye [28].

Page | 600



Bio-fabricated CuO NPs as green catalyst towards remediation of environmental pollutants

The photocatalytic activity CuO NPs follows the first order
reaction in degrading CR and Rh-B dyes and the rate of
degradation is calculated by the following formula [29] as

In (Ct) = In(CO) B Kt, where, C, is the initial concentration of
dye, C, is the final concentration of dye at time ‘t” and k is the rate
constant, respectively. Fig. 7 shows a graphical plot between
InC/C, along Y-axis vs. time (min) along X-axis suggesting a
decreasing trend under UV-irradiation for degradation of dyes.
The rate constant ‘k’ of Rh-B and CR photodegradation was
checked from the plots which are 0.0579, 0.0704 and 0.0964 min™
for 10, 20 and 30 mg of catalyst mediated photodegradation,
respectively (Fig. 7 A&B). The obtained results clearly show that
the value of rate constant was increased with increasing catalyst
doses (Table 2).

Photocatalytic Degradation Mechanism of Dye.

Fig. 8 shows a plausible mechanism on photocatalytic
degradation of Rh-B/CR dye using CuO NPs as photocatalyst
under UV-irradiation. In the photodegradation process CuO NPs
mediates reduction of oxygen to generate super oxide (‘O,) using
excited conduction band electrons under UV-irradiation, while
positive holes on valence band help to generate another reactive
oxygen species hydroxyl radical “OH’ after reduction of water

4, CONCLUSIONS

Our study reported the biosynthesis of CuO NPs by argo-
waste durva grass aqueous extract for the first time in literature.
The synthesised CuO NPs was confirmed by UV-Visible, FTIR,
XRD, HR-TEM and EDX while DLS was used for the stability
study. Under UV-irradiation the synthesized CuO NPs showed

molecules which causes photodegradation of toxic dyes [30]. The
present results suggest degradation of toxic dyes to water
molecules and carbon dioxide in the presence of CuO NPs as
photocatalyst.
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Figure 8. Possible mechanism on photocatalytic degradation of RB/CR
dye using CuO NPs as photocatalyst.

good photocatalytic efficiency towards the degradation of CR and
Rh-B dyes. The current study reports that the green synthesized
CuO NPs could be used as an effective photocatalyst in degrading
environmentally hazardous and toxic dyes in a greener way.

Table 1. Comparison of degradation efficiency of synthesized CuO NPs with other published reports on dye degradation.

Dye name Photo-catalyst Time (min)  Deg. (%) References
Rh-B CuO NPs 300 100 [31]
CuO-nanowires 660 95 [32]
CuO/Zn0O NPs 150 83 [33]
CuO nanostructures 300 85 [34]
Fe304/Zn-/CuWO, NPs 210 99 [35]
CuO NPs 90 98 Present study
CR Ba/Alg/CMC/TiO, 240 91 [36]
ZnO NPs 135 97 [37]
Chitosan/nano-CdS 180 85.9 [38]
WO,/TiO,/AC 120 95.21 [39]
CeO, NPs 100 95 [40]
CuO NPs 110 95 Present study
Table 2. Effect of CuO NPs as photocatalyst on degradation of Rh-B and CR dyes.
Catalyst Con. Dye Degradation % of Rate Constant k
(mg) (mg/L) Time (min) degradation (min)
Rh-B 10 10 110 96 0.0242
20 10 90 98 0.0304
30 10 75 98 0.0484
CR 10 10 130 93 0.0579
20 10 110 95 0.0704
30 10 95 96 0.0964
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