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ABSTRACT

In this study, copper oxide nanoparticles (CuO NPs) were prepared and
characterized with the pulsed laser ablation in liquid (PLAL) technique using a
wavelength (532 nm) of Nd: YAG laser, with different energies (100, 150, and 200
mlJ) for ablation of the mineral copper target. Colloidal NPs have been characterized
using the field-emission scanning electron microscope (FESEM), UV-Vis
technique, and X-ray diffraction (XRD). The resulting colloidal CuO NP solutions
were green. FESEM images showed that most of the NPs obtained across all laser
energies have individualized needle shapes with sizes below 100 nm. Furthermore,
samples prepared in deionized water showed average diameters of 22.153, 25.79,
and 20.664 nm for CuO NPs. Results of XRD showed that CuO NPs showed a
mono-inclined crystal structure. The visible UV spectrometry confirmed that the
absorption values of CuO NPs increased as the laser effect increased, with the
energy gap decreasing by (2.6 —2.53 eV).
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INTRODUCTION

Nanotechnology has become a subject of modern properties used in wound bandages, highlighting
science and is now the most important in physics, recent developments n bioprocessory
chemistry, life sciences and other fields. manufacturing of inorganic particles, including
Nanomaterials are defined as distinct and unique metal particles, oxide molecules and other particles
materials that can be produced in scales ranging in to develop antimicrobials that can be useful in
size from 1-100 nm) () In recent developments, hospitals to prevent or reduce disease-causing
nanoparticles have been manufactured for various bacteria. ©). Nanoparticles have light sensitivity
applications and fields and combined with other and electrical conductivity, making them
nanomaterials, thereby achieving high efficiency. applicable in wvarious technological fields. (©).
@), Nanoparticles can be manufactured in three Nanoparticles can be manufactured using various
ways: physically, chemically or biologically. physical and chemical techniques, including laser
Chemical methods have adverse effects due to the removal. (7. This work aims to evaluate the effect
presence of certain toxic chemicals absorbed on the of energy on the synthetic and optical properties of
surface. Environmentally friendly alternatives to nanoparticles prepared from a pure copper target
chemical methods include physical methods, such using pulsed laser ablation in liquid.

as laser nanoparticle ablation.® »The pulsed laser =~ MATERIALS AND METHODS

ablation method in liquid is an easy, affordable and In this work, the PLAL technique using a Q-
effective way to create a wide range of highly  gwitched Nd: YAG laser was used to produce
desirable materials. ). Nanoparticles of copper copper NPs. Metal plate surfaces (copper) were
oxide (CuO NPs) are of great importance because cleaned using deionized water before the ablation

of their optical, mechanical, electrical and medical process began to eliminate impurities. Thereafter,
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the metal plate with high purity dimensions (1 cm,
1 cm, and 2 mm) was inserted into the capacity
(100 ml) along with (5 ml) of deionized water, as
shown in Figure 1. The distance between the laser
source and the sample was adjusted to 15 cm. The
level of liquid above the sample (5 mm) was
measured. The laser beam was directed vertically
towards targets at different energies (100, 150, and
200 mJ) while maintaining a constant number of
pulses (1000), a constant frequency (5 Hz), and a
wavelength of 532 nm at room temperature.
Structural and optical results were analyzed using
OriginPro 2025 and ImageJ to determine NP size.

Fig. 1: Nd: YAG laser device.

RESULTS AND DISCUSSION
XRD Analysis

XRD pattern analysis was performed on copper

oxide nanoparticles prepared in deionized water
using PLAL. The results showed that the
crystalline system of these NPs is mono-inclined.
The most important structural parameters were
found using the Scherer equation to calculate the
crystalline size (D)®:
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D = KA/BcosB (D)

Where K is the constant of the relationship, A is the
wavelength (1.5406 A), B is the full width at half
maximum (FWHM), and 0 is the Bragg angle. The
distance between crystal levels (dwi) was
calculated using the Bragg equation. (:

nA= Zdhkl sin@ (2)

Where n is an integer representing the diffraction
order, in Figure (2-a), eight peaks appeared at the
angles (35.49°, 38.83° 48.59°, 53.52° 58.39°
61.75° 66.36° and 75.39°) at the energy (100 mlJ)
consistent with the crystal levels (002), (200), (-
202), (020), (202), (-113), (-311), and (-222),
respectively. In Figure (2-b), eleven peaks were
observed at the angles (32.39°, 35.49°, 38.92°,
46.32°, 48.66° 53.45°, 58.29° 61.54°, 66.24°,
68.12° and 74.96°) at the energy (150 ml)
correspond to the crystal levels (110), (002), (200),
(-112), (-202), (020), (202), (-113), (-311), (220),
and (004), respectively. In Figure (2-c) ten peaks
were observed at angles (31.74° 34.61°, 38.59°,
41.41°, 45.91°, 48.84° 52.34°, 58.06° 61.36° and
74.58°) at the energy (200 mJ) corresponding to the
crystal levels (110), (002), (111), (-112), (-202),
(020), (202), (-113), and (004), respectively.
Increasing the laser energy reduces NP size and
crystal shifting the
diffraction peaks. XRD data are shown in Table 1.

All of these results are highly consistent with the

increases stress, thereby

values listed on the ICDD card for copper oxide
(00-005-0661). In addition, the crystalline content
trend (002) is prevalent at all energies (100, 150,
and 200 mJ). These results are also consistent with

the results of a previous study, such as (19,
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Fig. 2: XRD patterns of CuO NPs produced at energies: (a) 100 mJ, (b) 150 mJ, (c) 200 mJ.

Table 1: Experimental XRD results of the prepared CuO NPs.

Energy (mJ) | 20 (deg) | FWHM (deg) | dua (A) | D (nm) | hkl

35.4937 0.6888 2.52922 | 12.1 (002)

38.8317 0.5904 231915 | 143 | (200)

48.5973 0.5412 1.87351 | 16.1 | (-202)

100 53.5225 0.492 1.71215 | 18.1 (020)
58.39 0.3936 1.58049 | 23.1 (202)

61.7566 0.3936 1.50217 | 23.5 | (-113)

66.3653 0.3936 1.40859 | 24.1 | (-311)

75.3967 0.492 1.26072 | 20.4 | (-222)

32.3983 0.3936 2.76345 | 21.0 | (110)

35.4959 0.4428 2.52907 | 18.8 | (002)

38.9231 0.4428 231392 | 19.0 | (200)

46.3212 0.5904 1.96013 | 14.6 | (-112)

48.6695 0.3936 1.8709 | 222 | (-202)

150 53.4502 0.3936 1.7143 22.6 | (020)
58.2918 0.3444 1.58292 | 26.4 | (202)

61.5412 0.4428 1.50691 | 20.9 | (-113)

66.2471 0.3444 1.41082 | 27.5 | (-311)

68.1257 0.2952 1.37642 | 325 | (220)

74.9628 0.3936 1.26694 | 254 | (004)

31.7426 0.5412 2.81901 | 153 | (110)

34.6114 0.6396 2.59165 | 13.0 | (002)

38.5948 0.4428 233284 | 19.0 | (111)

41.4139 0.3444 2.18033 | 24.7 | (200)

200 459148 0.3936 1.97653 | 219 | (-112)
48.8428 0.3936 1.86467 | 222 | (-202)

52.3429 0.492 1.74792 | 18.0 | (020)

58.0646 0.3936 1.58857 | 23.1 (202)

61.3641 0.5904 1.51083 | 15.6 | (-113)

74.5893 0.4428 1.27235 | 22.6 | (004)
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FESEM Analysis

Figure 3 shows the results of FESEM of the
prepared copper oxide nanoparticles. Most of the
obtained NPs across all laser energies have
individualized, ubiquitous forms as aggregates and
agglomerations of less than 100 nm. These
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measurements show irregular geometric structures
with average diameters (22.153, 25.79 and 20.664
nm) of NPs prepared at (100, 150, and 200 mJ),
respectively. A decrease in average diameter was

achieved due to increased energy.
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Fig. 3: FESEM results: (a) image of the prepared NPs at (100 mJ), (b) particle size statistical
distribution of the prepared NPs at (100 mJ), (c) image of the prepared NPs at (150 mJ), (d) particle
size statistical distribution of the prepared NPs at (150 mJ), (e) image of the prepared NPs at (200
mJ), (f) particle size statistical distribution of the prepared NPs at (200 mJ).
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Optical Properties

Figure 4 shows the results of the absorption curves
of the prepared NPs. It was observed that samples
manufactured in deionized water exhibit a specific
peak at 296 nm across all energies, consistent with
previous studies. ('), Absorption increased with the
increase in laser energy.
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Fig. 4: Absorption spectra of the prepared CuO NPs.

Figure 5 shows the energy gaps of all the prepared
NPs, obtained by plotting the Tauc equation. (12);

1
(ahv)2 =B(hv—Eg)z ...(3)
Where a is the absorption coefficient, hv represents

the
proportionality that depends on the type of

photon energy, B is a constant of
material, and Eg is the energy gap. The energy gap
is drawn using the software (Origin Pro 2025). The
values of the energy gaps of copper oxide
laser

nanoparticles decreased with increased

energy by (2.6 —2.53 eV) (13,

|cuoNPs|
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— 15UmJ,Eq=2.55 ev

| =——200mJ,Eg=2.53 ev
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Fig. 5: Energy gap values of the prepared CuO NPs.

CONCLUSION

Copper oxide nanoparticles can be formed using
the wavelength (532 nm). Changing the laser

energy on the prepared CuO NPs samples
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increased the absorption values while maintaining
a specific peak of absorption at the wavelength
(296 nm). The energy gap values for the excised
samples range from (2.6 - 2.53 eV) with increasing
laser energy effect. This study can be further
developed by varying the laser parameters and
using a different laser to evaluate its effect on the
properties of the applied materials.
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