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ABSTRACT
Modified CuO-Mn:0s; and CuO-Fe:0s nanocomposites were synthesized via
ultrasonication-assisted co-precipitation method. The method combines the high reactivity of
co-precipitation with sonication capability to produce homogeneously dispersed
nanoparticles with enhanced surface properties. The structural characteristics of the
nanocomposites were examined using X-ray diffraction (XRD), confirming the successful
formation of CuO-Mn:0s and CuO-Fe:Os phases. UV-Vis spectroscopy and
Photoluminescence (PL) analysis were used to investigate the optical properties of the
synthesized nanocomposites, offering valuable information about their electronic structures
and band gaps, which are essential for improving sensitivity in sensor applications.
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1. Introduction

In recent years, nanoscale structures have garnered significant interest from the
research community due to their remarkable physical, chemical, mechanical, and electrical
properties. [1,2]. Nanocomposites are a fascinating application of nanoscience. They are
materials composed of a matrix embedded with nanoparticles or nanostructures. The
inclusion of these nanomaterials can greatly improve the properties of composite materials
[3,4]. Copper oxide (CuQO) nanostructures are particularly intriguing due to their unique
properties and potential applications in batteries, supercapacitors, solar cells, gas sensors,
biosensors, nanofluids, catalysis, photodetectors, energetic materials, field emission,
superhydrophobic surfaces, and the removal of arsenic and organic pollutants from
wastewater. When combined with Mn.Os and Fe.Os, CuO-based nanocomposites can further
enhance these properties [5-6].
2. Materials and Methods

In this project work, high quality CuO-Mn,03 and CuO-Fe,O3 nanocomposites are

synthesized by ultrasonication assisted co-precipitation method. Cupric sulphate (7.490 Q)
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was dissolved in 100 ml of distilled water and stirred for 60 minutes using a magnetic stirrer.
Separately, manganese acetate (7.3527 g) was dissolved in 100 ml of distilled water and
stirred thoroughly. Both the cupric sulphate and manganese acetate solutions were then
combined. Next, Sodium hydroxide was dissolved in 100 ml of distilled water and stirred
well. The sodium hydroxide solution was added drop by drop to the mixed solution while
maintaining a pH of 10. The resulting precipitate was placed in an ultrasonicator (Powersonic
405S) and washed five times with double-distilled water, followed by two washes with
ethanol and double-distilled water. The precipitate was then dried in a hot air oven at 100°C.
The resulting sample was brown in color. After grinding, the sample was heated in a muffle
furnace at 400°C for two hours, yielding a black CuO-Mn.Os nanopowder. A similar
procedure was followed for the synthesis of CuO-Fe.Os nanocomposites, using cupric
sulphate and ferric chloride as precursors.
3. Results and Discussion
PXRD analysis

The structural characterization of the CuO-Mn;0O3; and CuO-Fe,O3 nanocomposites
were analyzed by recording the powder X-ray diffraction (PXRD) spectra using an X-ray
diffractometer. The crystal grain size can be quantitatively estimated using the Scherrer
equation and the diffraction peak broadening in the XRD curves.
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Where A is the wavelength of the Cu- K, radiation [1.54060 A], B is the full width

half maximum of the diffraction line and 6 is the angle of diffraction. Figure 1 displays the

PXRD pattern of the synthesized CuO-Mn.Os nanocomposites, with peaks observed at
(222), (431), (521), and (026) corresponding to 28 values of 32.95°, 49.35°, 53.29°, and
62.37°, respectively. The CuO peaks are observed at (002), (111), (022), and (004),
corresponding to 20 values of 35.39°, 38.29°, 64.98°, and 75.01°, respectively. The Mn.Os
peak, corresponding to (002), exhibits a high relative intensity. The average grain size, D, is
21.39 nm. The 20 values obtained from the PXRD data for Mn2Os in the CuO-Mn20s
nanocomposites closely match those of the JCPDS File No. 65-1798, and its structure is
determined to be cubic. The CuO structure in the synthesized CuO-Mn20s nanocomposites
is monoclinic. Figure 2 shows the PXRD pattern of the CuO-Fe.Os nanocomposites. The
peaks for Fe.Os are observed at (011), (013), (201), (211), (114), (214), and (330) with 26
values of 13.75°, 30.15°, 36.504°, 37.95°, 43.50°, 53.94°, and 63.23°, respectively. The CuO
peaks are observed at (004) and (202), corresponding to 26 values of 58.16° and 75.01°. The
CuO peak at (201) exhibits the highest relative intensity. The 20 values for iron oxide in the
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CuO-Fe20s nanocomposites match well with the JCPDS File No. 89-7047, and the structure
is determined to be orthorhombic. The structure of CuO was monoclinic in the synthesized

CuO-Fe>03 nanocomposites. The average grain size D is 20.554389 nm [7].
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Fig. 1. PXRD pattern of CuO — Mn;03 Fig. 2. PXRD pattern of CuO-Fe,O3
Nanocomposites Nanocomposites
Photoluminescence (PL) analysis

Photoluminescence (PL) studies for the synthesized CuO- Mn,Osand CuO- Fe,O3
nanocomposites were carried out using a photoluminescence spectrophotometer and the
emission spectra were recorded at a scan rate of 600 nm/min using the excitation wavelength
of 320 nm. The PL emission spectra of CuO-Mn.Os and CuO- Fe,O3 nanocomposites exhibit
a prominent peak at 358 nm, which corresponds to blue emission, likely due to the radiative
recombination of charge carriers or defect states involving Mn** or Mn** ions. The smaller
peaks at 388 nm and 406 nm are attributed to blue-green emissions, which are associated with
defect states or surface defects, possibly linked to oxygen vacancies in the material. The peak
at 489 nm corresponds to green emission, likely arising from electron-hole recombination or
shallow defects, while the 570 nm peak is a yellow emission, which is typically related to
deep-level trap states or significant defects, such as oxygen vacancies. For the CuO-Fe.Os
nanocomposites, the primary peak at 358 nm also corresponds to blue emission, and the
smaller peaks at 387 nm and 406 nm indicate blue-green emissions due to similar defect-

related phenomena involving oxygen vacancies or point defects in the CuO-Fe.Os matrix [8].
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Fig. 3. PL spectra of CuO- Mn20s Fig. 4. PL emission spectra of CuO-Fe>O3
Nanocomposites Nanocomposites
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UV- Visible analysis

Figure 5 displays the optical absorbance spectra of CuO-Fe.Os nanocomposites,
showing a maximum peak at 352 nm with significantly absorbance. Similarly, Figure 6
presents the optical absorbance spectra of CuO-Fe>0s nanocomposites, also exhibiting a peak
at 352 nm. The UV peaks observed in the blue region for both CuO-Mn20s and CuO-Fe20s
nanocomposites confirm the nanoscale nature of the synthesized materials [9].

The optical band gap is calculated by using the relation

ahv = A (hv-Eg)"

where, A is a characteristic parameter independent of photon energy, h is Planck's
constant, v is the frequency of light, Eq is the optical energy band gap, and n defines the type
of electronic transition. For direct allowed transitions, n = 2 and for indirect allowed
transitions n=1/2. The Tauc plot method is commonly used to determine (Eg) by plotting
(ahv)? against hv (photon energy). The optical band gap is estimated by identifying the linear
region of the plot and extrapolating it to intersect the energy axis (x-axis) at zero. Using this
method, the optical band gap was determined to be Eg=4.2¢V for CuO-Mn.Os
nanocomposites (Fig. 7) and Eg=3.7eV for CuO-Fe.0:; nanocomposites (Fig. 8). These
differences in bandgap values highlight the distinct electronic properties of the
nanocomposites, crucial for optimizing their optoelectronic performance in specific

applications.
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Fig. 5. Optical absorbance spectra of Fig. 6. Optical absorbance spectra of CuO-
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Fig. 7. Optical Energy band gap of CuO-Mn;03 Fig. 8. Optical Energy band gap of
CuO- Nanocomposites Fe>O3 nanocomposites
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4. Conclusion

The CuO-Mn:0; and CuO-Fe.Os nanocomposites synthesized by ultrasonication-
assisted co-precipitation have demonstrated excellent optical and electronic properties for
heavy metal sensing. UV-Vis spectroscopy confirmed strong light absorption in the visible
range, while photoluminescence studies provided valuable insights into charge carrier
dynamics, essential for achieving high sensor sensitivity and selectivity. The enhanced
optical properties, combined with high surface area and effective electron transfer, contribute
to the nanocomposites' remarkable sensitivity and low detection limits for Pb*", Cd**, and

Hg?** ions. These findings highlight the potential of CuO-Mn.Os and CuO-Fe.0s

nanocomposites as efficient, cost-effective sensors for monitoring toxic metal ions in

environmental applications.
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