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Environmental contamination is one of the major and most urgent problems of
the modem world. Industries are the greatest polluters, with the textile industry
generating high liquid effluent pollutants due to the large amounts of water applied
in textile processing. The lowest quantity of synthetic dyes in water can bear upon
the aesthetic merit, transparency and gas solubility of water bodies. Nano-metal
plays a significant role to minimize the toxicity of water waste due to synthetic
dyes. In metal nanoparticles, copper nanoparticles show great catalytic activity. In
the present work, degradation of methyl orange would be done by copper oxide
nanoparticles. The copper oxide nanoparticles were synthesized by green reduction
method using papaya extract and lemon tea extract as a stabilizer. The crystal
structure of copper oxide nanoparticles was analyzed by X-Ray diffraction, and SEM

was used to determine the particle morphology of nanoparticles.
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INTRODUCTION

anoparticles are the subject of
dynamic studies in the field of
research and also have the poten-
tial to increase the strength and homo-
geneity of composite materials. Organic
and inorganic nanoparticles are exten-
sively studies in the fields of photochem-
istry, and electrochemistry.?
Metal nanostructures can be forged in
different sizes and configurations
3:and show a diverse range of appli-
cations in the areas of catalysis, elec-

tronics, sensors and optical devices.® It
is also gradually becoming essential to
use nano-size metal structures as a het-
erogeneous recyclable catalysts in dif-
ferent environmental problems connected
with hazardous wastes and toxic water
pollutants.” Dyes play an essential role
in synthetic organic compounds used in
many industries, mostly textiles. Never-
theless, these synthetic dyes are highly
toxic, carcinogens and mutagens. Indus-
tries directly release dyes containing
wastewater into adjacent water bodies,
such as rivers, lakes, drains, etc.
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Furthermore, in some cases, the
wastewater produced by the various
industries is used directly for irrigation
purposes. This practice deteriorates the
quality of the crops and the soil. Con-
sequently, they have become common
industrial environmental pollutants.®?
It has been estimated that approxi-
mately 10-15% of dyes are released
into the atmosphere generally through
the water. It is recognized that some
azo dyes and their breakdown products,
such as aromatic amines, are highly
poisonous. It has been stated that the
release of the same minor amount of
dyes into the water interferes with the
penetration of light into the water sys-
tems. Dyes absorb and reflect sun-
light, thereby influencing photosyn-
thesis. Reduced light penetration also
influences the solubility of gases. As a
result, the quality of receiving water-
ways has been damaged and may be
fatal to aquatic life, food chain organ-
isms and treatment processes. '°

Copper/copper oxide nanoparticles
hold catalytic activity on a large scale
compared to nanoparticles of other
materials. Titanium dioxide nanoparti-
cles possess excellent catalytic activ-
ity,!! and their activity is enhanced
by doping them with copper nanopar-
ticles.!> Reductive devastation of
carbon-based contaminants is one of
the major threats to the environment;
iron is one of the reducing agents in
this regard, but the passivity is the dis-
advantage when using metallic iron,
so copper nanoparticles and oxides
of copper, when incorporated with
iron reduces its passivity'> . Copper
oxide particulates show a reduction
in methyl-orange concentration. As
methyl orange is an organic pollutant,
copper and its oxides can play an essen-
tial role in its degradation.

There are several methods by which
copper/copper oxide nanoparticles can
be synthesized, such as vapour depo-
sition, electrochemical reduction!* |
thermal decomposition, polyol pro-
cesses, and laser ablation'> . Sputter
deposition, chemical reduction meth-

ods and green reduction routes' . Of all
synthetic pathways, many studies have
been reported on the green reduction
method with antibacterial, neuropro-
tective, anticancer and photocatalytic
activity over the last few years. Green
synthesis aims to prevent the produc-
tion of environmentally harmful prod-
ucts through a reliable, sustainable and
ecological synthesis process. The green
reduction method of forming metallic
nanoparticles is simple, inexpensive,
eco-friendly, low energy and non-toxic
with a highly stable economic approach
and environment-friendly propertie.?
Plant extracts contain a variety of
phyto-constituents such as alkaloids,
terpenoids, flavonoids, polyphenols,
sugars, proteins, etc. with a broad range
of reducing capacities acting as reduc-
ers and stabilizers during green synthe-
sis.

Papaya (Carica papaya L.) is one of
the most common fruits distributed
throughout the world. Papaya is a
rich source of vitamins including
B-carotene, vitamin B (thiamine,
riboflavin, niacin and folate), vitamin
C, vitamin E, minerals (Na, K, Fe, Ca),
and fiber. Papaya juice is consumed
for the treatment of various diseases
like constipation, dyspepsia, diabetes,
cancer, heart stroke, blood pressure,
etc.,* having very beneficial proper-
ties, papaya extract may also be used
as a stabilizer for nanoparticles.

In current work, copper oxide
nanoparticles will be synthesized by
green reduction using two different sta-
bilizers (papaya and lemon tea extracts)
and will be subsequently used for the
degradation of methyl orange.

EXPERIMENTAL SETUP
Materials

Copper (1) sulfate pentahydrate
(CuS04.5H,0), L-ascorbic acid

(C¢HsOg), sodium hydroxide (NaOH),
methanol (CH40) and deionized water
are purchased from Karachi scien-
tific traders. Methylene Orange (MO),

Hydrazine Hydrate (HgN,O) 80AR-
Malaysian obtained from Karachi
chemical services. All chemicals are
of lab grade and used without further
refining/purification.

Preparation of solutions with
desired molarities

Copper (II) sulfate pentahydrate solu-
tion with 0.04M was prepared in 100 ml
of deionized water. The solutions of L-
Ascorbic acid, Sodium hydroxide and
hydrazine hydrate with the molarities
of 0.001 M, 0.01 M and 1 M, respec-
tively, were prepared by using 100 ml
of deionized water, and Methyl orange
of 0.001M was prepared by adding
327.34 mg of methyl orange in 1000 ml
of deionized water.

Preparation of Copper Oxide
Nanoparticles

Initially, 100 ml Copper (II) sulfate
pentahydrate solution (0.04 M) was
taken in a clean beaker, and gradually
100 ml of papaya extract & 10 ml of L-
ascorbic acid (0.001 M) solutions were
added to the beaker under constant nor-
mal stirring. The papaya extract solu-
tion was used as a stabilizer; more-
over, L-Ascorbic acid served as an anti-
oxidant agent. A pre-determined quan-
tity of NaOH (0.01 M) was added to
adjust the pH to 12. Finally, Hydrazine
hydrate (1 M) was added under con-
stant stirring as a reducing agent. The
colour change of the solution indi-
cated the completion of the reaction
as the dark brown coloured precipi-
tates appeared in the solution. The pre-
cipitates were washed several times
with de-ionized water and methanol
after filtration and then dried, and the
required powder was obtained. Copper
oxide nanoparticles were also synthe-
sized using lemon tea extract following
the same procedure.
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Figure 1. (a) Systematic Illustration of copper oxide nanoparticles by Papaya/Lemon tea extracts. (b) Schematics of the syn-

thesis procedure

Figure 2. (a, b) Spherical morphology of particles as observed in the SEM

Catalytic degradation of methyl
orange

The initial concentration of the dye was
estimated then a hydrazine hydrate of
1 M was added to the solution. The
concentration of MO with hydrazine
hydrate was also estimated. Then, a dye
solution with hydrazine hydrate was
taken out into eight test tubes; each test
tube contained a 10 ml solution mixture
of dye and hydrazine hydrate. 1 mg of

already prepared copper oxide nanopar-
ticles was added to each test tube. In
four test tubes, copper oxide nanopar-
ticles synthesized using papaya extract
were added and in remaining four test
tubes, copper oxide nanoparticles pre-
pared by lemon tea extract were added.
Two test tubes were placed in the visi-
ble range; two were placed in the dark,
and two test tubes in the UV range;
all samples were placed for one hour,
and each sample set contained one test

tube having copper oxide nanoparticles
prepared from papaya extract and other
test tube having copper oxide nanopar-
ticles synthesized by lemon tea extract.
Two test tubes were picked up for the
initial estimation of the degradation of
methyl orange. The absorbance of dye
before and after degradation was found
at different wavelengths using a UV-
Vis spectrophotometer.
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Figure 3. XRD spectrum of copper oxide nanoparticles

Characterization techniques

The chemistry and crystal structure of
copper oxide nanoparticles was deter-
mined by the X-Ray Diffraction (XRD)
(XPERT-PRO); coupled with a cop-
per monochromator using Cu K radi-
ation (=1.54060 A) at 40kv, 30mA in
the range of 2 thetas from 10-80. Par-
ticle size was estimated by Scherer’s
formula. Moreover, the morphology of
copper oxide nanoparticles was investi-
gated using a scanning electron micro-
scope (FEI Quanta 200).

RESULTS AND DISCUSSION

The SEM images of copper oxide
nanoparticles synthesized by green
reduction method are presented in Fig-
ures 2(a & b). SEM results show that
the morphology of prepared nanoparti-
cles from a green method is spherical,

however, some degree of agglomera-
tion was also evident in the images.

XRD analysis

The particle size of copper oxide
nanoparticles synthesized by a green
method is calculated by equation 1.

D=0.91/8 Cos6 (1)

Where f is the full width at half the
maximum of the X-ray profile, 6 is the
Bragg angle, and A is the wavelength of
X-rays. Figure 3 shows typical patterns
of copper oxide nanoparticles.

Particle size and d-spacing of the
diffraction patterns of the copper oxide
nanoparticles synthesized by a green
method. is 8.85 nm and 2.466, respec-
tively. The full width at half maximum
(FWHM) was used to evaluate the par-
ticle size of copper oxide nanoparti-
cles. FWHM value was 0.016 radian.

The most intense peak of copper oxide
nanoparticles is usually used to calcu-
late the particle size to get better results.
The most intense XRD peak was at 20
= 36.42% corresponding to the (111)
plane having a lattice constant of 4.27

A.

Degradation of methyl orange:

UV-Visible spectrometer with the
range of wavelength (350-600) nm was
used to analyze the effect of copper
oxide nanoparticles on the concentra-
tion of methyl orange. MO shows the
absorbance peak at 530 nm, as shown
in Figure 4(a). For the degradation test,
MO of 1073M is used. The pace of
degradation of methyl orange evalu-
ated from the equation no. 2

(Co-0)

a% ={ * 100}
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Figure 4. (a) MO initial concentration (b) addition of hydrazine hydrate in MO (c) Concentration of MO just after the addition
of copper oxide NPs by papaya extract (d) concentration of MO just after the addition of copper oxide NPs by lemon-tea

extract

Where C is the absorbance after time t
and Co is the initial dye concentration
before degradation. As given in Fig-
ure 4(b), a decrease in the concentra-
tion of about 9.99% was observed when
the hydrazine hydrate of 1M was added
to the solution. The initial sample was
taken without a catalyst.

Samples were taken to estimate the
decrease in absorbance of MO after
adding copper oxide nanoparticles; the
first sample was collected just after the
addition of nanoparticles. The samples
were placed in visible light, in the dark,
and the ultraviolet range for one hour;
there was a sudden decrease in the con-

centration of dye just after the addi-
tion of copper oxide nanoparticles sta-
bilized by papaya extract and lemon
tea extract by 14.87% and 17.57% as
shown in Figures 4(c & d) respectively.

The samples that were placed in vis-
ible light, in the dark and in the UV light
for an hour show a decrease in the con-
centration of MO by 18.45 %, 17.61 %
and 30.98 %, as shown in Figures 5 (a,
b) and (c) respectively when the copper
oxide nanoparticles via papaya extract
were used as a catalyst. Even in dark
conditions, copper oxide nanoparticles
possess a catalytic effect as the concen-
tration of MO decreases by 17.61%.

When copper oxide nanoparticles,
which were synthesized by using lemon
tea extract, were used as a catalyst for
the degradation of dye, the concen-
tration of MO decreased by 31.95%,
27.21 % and 45.23 % of the samples
which were placed in visible light, in
the dark and in the UV light as pre-
sented in Figures 6(a-c) correspond-
ingly. Above results shows that the cat-
alytic effect of the sample for cop-
per oxide nanoparticles prepared with
lemon tea extract illustrates better cat-
alytic activity than the one synthesized
with papaya extract.
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Figure 5. (a) concentration of MO in the visible range, (b) in the dark, and (c) in UV light by copper oxide nanoparticles
stabilized with papaya extract. The samples were placed for one hour.

From results, it has been observed
that for both stabilizers (papaya/lemon
tea extract) in UV light the phenomena
of degradation promoted this happened
due to the reason that in the presence
of catalyst the reaction is accelerated
by the absorption of photon with the
energy that should be equal or higher
than the band-gap energy of the cata-
lyst. Due to the absorption of photon,
there is a transition of electron from
the valence band of the semiconduc-
tor catalyst to the conduction band, thus
generating a hole in the valence band.
These activated electrons react with an
oxidants of dye to produce a reduced
product.

CONCLUSIONS

Copper oxide nanoparticles were syn-
thesized via the green reduction method
using papaya extract/ lemon tea extract
as a stabilizer. SEM images reveal
spherical morphology with a particle
size of 8.85 nm, as calculated from
the XRD analysis. From the results of
methyl orange degradation, it can be
clearly observed that the copper oxide
nanoparticles stabilized by the lemon
tea extract show greater catalytic activ-
ity compared with nanoparticles sta-
bilized by papaya extract. It has also
been clearly observed that the sam-
ples placed in the ultraviolet light show

improved catalytic activity compared
with the samples placed in a dark and
visible range. From observations, it can
be evidently analyzed that the copper
oxide nanoparticles possess a catalytic
property even in the dark. Hence, the
environmentally friendly route of the
synthesis of copper oxide nanoparticles
and its outstanding catalytic activity
provide insight for widespread applica-
tions.
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