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Abstract

Among the various oxides of transition metals, CuO
has attracted a lot of interest because of its variety of
uses. This work reports on the simple synthesis of CuO
nanoparticles to be used as photocatalyst through the
use of urea and copper nitrate as precursors via reflux
process. CuO sample was prepared at six-hour reac-
tion timing. To assure the formation of copper oxide,
the samples were calcined at 5002C for about an hour.
The end product was examined using UV-Vis, Scanning
Electron Microscopy (SEM), XRD, and FT-IR spectros-
copy to study the characteristics of the produced cop-
per oxide nanoparticles. The CuO nanoparticles thus
produced was tested for its organic dye degradation
capability by utilizing methylene blue as a model dye
under the irradiation of light.

Keywords: CuO nanoparticles, reflux method, Methylene
blue, Photocatalytic activity.

1. Introduction

A wide range of frequently used products are now pro-
duced on a big industrial scale with the help of remarkable
technological advancements [1-3]. Dyes are essential to
the textile and fashion sectors among these products.
However, after extensive use, dyes become harmful pollu-
tants that represent a major risk to the environment and
public health if not managed and disposed of appropriately
[4]- The leftover dyes in the dyeing bath are a regular issue
for the textile industry. These sectors use cutting-edge, ex-
pedient, and environmentally friendly treatment tech-
niques to improve wastewater's ability to remove color
[5]- Additionally, laws and regulations pertaining to dis-
charge limitations and color removal reduction are becom-
ing more and more strict [6]. Consequently, in order to
lessen dye contamination as well as organic and inorganic

pollutants, effective treatment techniques such membrane
filtering and physical separation are required. On the other
hand, these approaches' operating and maintenance costs
are thought to be the fundamental and decisive elements
for large-scale applications [7]. Therefore, to reduce the is-
sues associated with treating liquid dye wastes, alternative
methods that are affordable, effective, eco-friendly, and
cost-effective are desired [4]. Due to its lack of secondary
pollutants and environmental friendliness, photocatalytic
degradation has emerged as a potential method for the op-
tical catalyst-assisted removal of organic dye pollutants [8,
9]. Due to their low cost, chemical and biological inertness,
and superior capacity to remove organic pollutants, colors,
and toxins from wastewater, semiconductor materials are
a viable candidate for photocatalysis [10-12]. The ability
of semiconductors to produce charge carriers in the pres-
ence of sunlight, together with the subsequent generation
of free radicals like OH, which in turn triggers other reac-
tions and finally forms CO2 and H20, is what essentially
defines the mechanism of photocatalysis [13, 14]. For ef-
fective photocatalytic degradation of organic molecules, a
variety of materials and agents are available, including ni-
trides, transition metal oxides, complex oxides, and simple
metal oxides. [15-20]. Among these, CuO is a very good
choice as a semiconductor photocatalyst because of its
easy and cheap synthesis and non-toxicity.

P-type CuO is an imperative semiconductor with a
band gap of 1.2 eV and low electrical resistance values, and
exhibits usable properties such as minimal effort, non-
poisonous, environmentally friendly and high steadiness.
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Moreover, CuO is considered as a standout amongst the
most prominent materials in a wide assortment of uses of
electronic and optical fields, similar to gas sensors, Super
conductor high temperature, optical switch, sun powered
cells, and electron field emitter, and so on [21-23].
Regarding to potential commercial CuO
nanostructures with high rates of surface-size exploited on
a large-scale sensitive material gas and make offers
excellent sensing [24-28].

In this work, CuO nanoparticles with good
crystallinity was synthesized by simple Reflux method in
the absence of surfactants and capping agent. The
resulting nanoparticles was analyzed by XRD, SEM, FTIR,
UV-Vis transmittance and Photocatalytic behaviour.

values,

2. Experimental Procedure
2.1 Preparation of CuO nanoparticles

CuO nanoparticles was prepared by simple reflux
method at different reaction timings in the presence of
Ammonia solution. All the chemical reagents used in this
research were analytical grade and these reagents were
used in experiments without further purification. In a typi-
cal synthesis of CuO nanostructures, Copper nitrate (0.1 M)
solution was mixed with urea and stirred well for half an
hour. Afterwhich, ammonia solution was added drop by
drop inorder to fix the pH level of the precursor solution at
5. Now, the as-prepared solution was heated to about
120°C and stirred constantly in a reflux apparatus for 6
hours. The precipitate was collected, washed, dried and
calcinated at 500°C for 1 hour.

2.2 Testing of Photocatalytic performance

Methylene blue degradation was used as a model
in this case to investigate the photocatalytic property of
the CuO nanoparticles to be used as photocatalyst in
organic dye degradation. To ascertain the manufactured
semiconductor material's capacity for dye degradation, it
is exposed along with the dye solution to Xenon lamp
radiation. The test solution is prepared by mixing with
0.2g of CuO nanoparticles with the appropriate amount of
Methylene blue dye solution using a magnetic stirrer. The
test solution was continually stirred in the absence of light
for 30 min in order to guarantee the achievement of
adsorption-equilibrium. A Xenon lamp was used to
illuminate the test solution that has been produced with
the prepared photocatalyst and dye. Sampling was done at
an interval of 15 min each and the withdrawn solution is
characterized for its absorption analysis with the help of
UV-Vis spectrophotometer. By monitoring the intensity of
the absorbance peak at A max = 665.2 nm corresponding
to the absorption of methylene blue dye, the quantity of

Methylene blue dye in the test solution at the given time
can be ascertained in the irradiated solution that is

extracted at regular intervals.
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Figure 1. a) XRD patterns of CuO sample b) SEM image
of CuO nanoparticles

The XRD patterns of CuO nanoparticles prepared with a
reaction time of 6 hours is presented in figure 1. The
broadening of all recorded peaks in the spectrum indicates
the presence of nanoscale crystallites and the peaks match
well with the standard JCPDS card 05-0661, suggesting the
formation of CuO. All the peaks are indexed to the mono-
clinic phase of CuO with lattice constants a = 46844, b =
3.425 &, and ¢ = 5.129 A. The crystallite size (D) is calcu-
lated by using Debye-Scherer’s formula,

KA
" PBcosB

Where (3 - is the broadening of diffraction line measured at
half of its maximum intensity (FWHM) in radians, A - is the
wavelength of x-ray used (A=1.54184), K - is a constant
(taken as 1), 6 - is the Bragg’s angle. The average crystallite
size of CuO samples prepared with a reaction time of 6
hours is 9.8 nm.

The CuO nanoparticles were obtained by calcinating the
as-prepared samples at 500 °C for 1 hour. The Morphology

www.shcpub.edu.in

790



Original Research Article

J. Funct. Mater. Biomol. 8(1) (2024) pp 789 - 793

D. Magimai Antoni Raj et.al.

of the prepared CuO nanoparticles was analyzed using
SEM. It is found that the samples prepared with a reaction
time of 6 hours (Figure 1 (b)) shows formation of nanopar-
ticles with agglomerations. The image shows that fine par-
ticles are formed through this synthesis. However, the par-
ticle size could not be calculated due to agglomeration.

3.2 Vibrational and optical analysis of CuO
nanoparticles
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Figure 2. FTIR Spectrum of CuO samples

The functional groups present in the prepared
samples were identified using FTIR spectrophotometer.
FTIR spectrum for the samples prepared with a reaction
time of 6 hours is presented in figure 2. At 2345, the
N=C=0 Stretching became visible. On the other hand, the
prepared sample's O-H stretching vibrations are measured
at 3433 and 1348 cm-1. However, the XRD data show no
evidence of Cu(OH). Thus, during sample preparation, the
KBr may have absorbed moisture from the ambient, which
might account for the O-H vibrations [26,27]. The low in-
tensity of the peak is in support with this assumption. Cu-
O stretching vibrations appeared at 596, 520and 444 cm-!
confirming the formation of CuO. Also, the high peak inten-
sity of these peaks suggest that the sample is CuO [28]. A
comparison of vibrational frequencies has been provided
in table 1.
Table 1. Assignments of IR band frequencies (cm-1) of
CuO nanoparticle

Vibrational assign- FTIR peaks
ment positions

0-H stretching 3433

N=C=0 Stretching 2345
0-H Stretching 1382
C-N Stretching 1029
Cu-O stretching 605
Cu-O Stretching 508
Cu-O Stretching 430
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Figure 3. UV-Vis Spectrum of CuO nanoparti-

cles prepared with a reaction time of 6 hrs.

Using a Perkin Elmer Lambda 35 UV-Visible Spec-
trometer, the UV-Vis transmission spectra of CuO was rec-
orded between 190 and 1100 nm. Figure 3 displays the
observed spectrum of CuO. The produced CuO nanoparti-
cles had a lower cut-off wavelength of 198 nm and a max-
imum transparency of almost 85%.

The bandgap of the prepared CuO sample has
been calculated through a tauc plot using an equation re-
lating absorption co-efficient (), bandgap energy (Eg), and
photon energy (hv). The tauc plot formula is oahv = (hv-
Eg)" , where n denotes the electronic transition having
values 2 and % for indirect and direct transitions respec-
tively. The band gap of the CuO nanoparticles was estimat-
ed through tauc plot and was found to be 2.56 eV.

3.3 Photocatalytic performance of CuO nanoparticles
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Figure 4. Photocatalytic activity of CuO nanoparticles

As can be seen from the time dependent absorption spec-

tra of Methylene blue solution with catalyst presented in

figure.4, the absorption peak intensity at A max= 665.2 nm

pertaining to the MB dye reduces considerable with in-
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creasing exposure time [29 - 31]. However, complete deg-
radation of the dye is not witnessed even after exposing
the dye solution containing the photocatalyst to light for
one hour. Approximately, 50% degradation is obtained
within an hour which is in agreement with earlier reports.
Manoranjan et.al has reported that MB dye decreases non-
linearly with Cu20 contents and it reaches a value of 90 %
after light exposure for 120 min [32]. This confirms that
the CuO nanoparticles can be used as photocatalyst to de-
grade organic dyes such as MB.
4. Conclusion

Copper oxide nanoparticles were produced using a
straight forward reflux method. This is an easy, low-cost
method that encourages young researchers to pursue
study and promotes research. SEM results show many ag-
glomerations that can be related to the low reaction time.
However, the broad peaks appearing in the XRD pattern
confirms the formation of CuO nanoparticles. The band
gap calculated from the transmittance spectra by plotting
Tauc plot was found to be was 2.56 eV. The prepared CuO
nanoparticles degraded the methylene blue dye to half its
concentration within one hour of exposure to Xenon lamp.
Thus, the prepared CuO nanoparticles can be utilized as
photocatalyst to degrade organic dyes.
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