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Abstract

This research included the preparation of Ni, Pd oxide and Pt metal nanoparticles derived from
Schiff base (E)-2-(((2,5-dichlorophenyl)imino)methyl)-4-methyl phenol octahedral from Ni(ll)
complex and square planar from Pd(11) and Pt(I1) complexes using pulsed laser ablation immersed
in deionized water. The optical properties of the prepared NiO, PdO, and Pt nanoparticles were
investigated using UV-Visible spectra and FTIR spectrophotometer. The shape and structure were
analyzed by Transmission Electron Microscope (TEM) and the X-ray Diffraction Instrument
XRD. By using the Scherrer equation, the results showed Ni, Pd, and Pt nanos with average particle
sizes of 28.53nm, 20.47nm, and 22.30nm. The biological activity of the nanocomposites was tested
against two types of Escherichia coli, Staphylococcus aureus bacteria, and one type of fungus,
such as candida Albicans, using antibiotics (Ceftriaxone and metronidazole), showing promising
results and the DPPH radical scanning activity is a standard test in studies of antioxidant activity
for them.
Keywords: Schiff Base, XRD, Nano composites, Antioxidants.

1. Introduction

Laser ablation is a type of heating technique where materials such as metal and compounds are
melted and evaporated by using a laser beam to generate the nanostructures under a high vacuum
system [1,2]. Nowadays, nanotechnology is the first and most important technology because it is
a multifunctional technology despite previous scientists have done in their studies, research, and
scientific creativity in reducing the size of the particles that make up the material and its impact
on the different properties [3-6]. Colloidal copper nanoparticles were prepared by pulsed (Nd:
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YAGQG) laser ablation in water and acetone. The size and optical properties of the nanoparticles were
diagnosed by transmission electron microscopy and UV-visible spectrometry. The copper particles
were relatively spherical, and their average diameter in water was 30 nm, whereas, in acetone,
much smaller particles were produced with an average diameter of 3 nm [7]. Spherical cadmium
oxide (CdO) nanoparticles were prepared using pulsed laser ablation (1064 nm, 7 nm, 10 Hz, 80
mJ) from the target cadmium sheets immersed in deionized water. The optical properties of the
prepared CdO nanoparticles were investigated by visible spectrophotometer. Ultraviolet shape and
structure were analyzed by scanning electron microscopy and transmission electron
microscopy[8]. New complexes of cobalt (11), copper (1), nickel (I1), manganese (11), and zinc (I1)
with phthalic anhydride (PL) compounds were synthesized. The prepared complexes were
diagnosed using spectroscopic methods. The stability of the complexes on the laser beam was also
proven. The results proved that the complexes were stable under the influence of the laser beam
used for 10-30 seconds [9]. In this study, the nickel, palladium, and platinum nanoparticles were
prepared and diagnosed using the laser ablation method.

2.Experimental

2.1. Materials and Instruments

Nano of nickel, palladium oxides, and metal platinum were prepared by laser ablation using a
pulsed laser type AC220V/50Hz (ND Yag Laser). The chemicals which were used in this study
have high purity. The nickel, palladium, and platinum complex disc were pressed under a pressure
of 20 Pa to produce a compact disc. The Ultrasonic cell desrupter collected the samples of the
nanoscale oxides. Ultra Violet-Visible spectra are performed on a Shimadzu UV- 160A. The FTIR
spectra are verified via FTIR - 8400S spectrophotometer on 4000-400 cm-1in KBr discs. X-ray
diffraction device (XRD) type Expert Phillips Holland. Transmission electron microscope TEM
type EM10C, 100 Kv, Germany.

2.2. Preparation of Nano oxides

Nickel, palladium, and platinum complexes were prepared from the reaction of the new Schiff base
ligand (E)-2-(((2,5-dichlorophenyl)imino)methyl)-4-methyl phenol with the salts of chlorides of
the elements as shown in Figure(1). Each of (0.05 g) [Ni(L)2(H20)2], [Pd(L)2] and [Pt(L)2]
complexes were pressed under 20 Pa to provide a compact disc. The tablet was then placed in a
100 ml beaker containing deionized water. The sample was irradiated using a pulsed laser device
at a dose of 100 mg, 4 Hz, and 300 pulses, and the color was changed to brown. The solution was
then collected by filtration, and the supernatant and collected by centrifugation at 14,000 rpm to
collect the solid nanoparticles. The concentration of the nanoparticle solution is .0.1 mg/ml.
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Figure 1.The preparation of Schiff base ligand

171



IHIPAS. 35(4)2022

2.3Biological Activity

The prepared compounds were tested against one type of fungi, such as candida Albicans, and two
types of bacteria, such as Escharia coli and Staphylococcus aureus, by disc diffusion technique.
The sample solution was prepared in DMSO as solvent from the concentration of 0.001M. The
dishes were brooded for 24 h at room temperature and then the inhibition's diameter was measured
and this indicated the growth of bacteria and fungi [10-12].

24. Antioxidant study

Radical scavenging of 1,1-diphenyl-2-picrylhydrazyl (DPPH).

The assessment of DPPH radical scanning activity is a standard test in antioxidant activity studies.
It is a rapid technique to assay the radical scavenging activity of specific compounds [13]. All
compounds' free radical scavenging effects and associations were evaluated with DPPH radicals
at different concentrations (25, 50, and 100) pug/ml. After 30 min of incubation in the dark, the
absorbance (A) was recorded against a blank at 517 nm using a spectrophotometer (UV-VIS
Shimadzu), and IC inhibition of DPPH color values was calculated. DPPH inhibition percentage
(Antioxidant Activity %) was calculated using the following formula [14-16]: Antioxidant % = A
blank — A sample / A blankx 100; where A blank is the absorbance of the blank, and A sample is
the absorbance of the sample. Experiments were duplicated.

3. Results and Discussion

3.1 FTIR spectrum of Nanoparticles

The infrared spectrum of NiO nanoparticles showed a band at 1342cm-1 belonging to the late CH.
It also shows the absorption band at 829 cm-1 due to the stretchy vibration of the (C-C) group.
The absorption bands at cm-1 (543-559) belong to the Ni-O bond, which confirms the formation
of nickel oxide nanoparticles, NiO NPs, as shown in Figure 2. [17,18]. The infrared spectrum of
the palladium oxide nanoparticles, PdO, showed a band at 438 cm-1 due to the bending vibration
of the lattice CH group. It also shows the absorption band at 875 cm-1 due to the stretchy vibration
of the (C-C) group, and the absorption band at 617 cm-1 and this indicated the presence of a Pd-O
bond, as shown in Figure 3. The infrared spectrum of the platinum metal nanoparticles (Pt) showed
a band in the range of (2924-2850 cm-1) and 1338 cm-1 and this due to the stretchable and flexural
vibration of the CH group 1438cm-1 alpha. ) as shown in Figure 4 [19, 20].
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Figure 2. FT-IR spectrum of NiO NPs
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Figure 3. FT-IR spectrum of PdO NPs
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Figure 4. FT-IR spectrum of Pt NPs

3.2. UV-Visible Spectra

The ultraviolet spectrum of the nickel oxide and palladium nanoparticles showed absorption
peaks at (230 nm and 204) due to the n-n* electron transition and (266,300,386) nm to the n-m*
electron transition and the charge transfer spectrum, which indicates the formation of nickel
oxide and palladium oxide nanoparticles, respectively, as in Figures (5 and 6). This agrees with
what was stated in the previous literature [21,22]. As for the UV-Visible spectrum of the
platinum nano-metal in Figure 7, it showed an absorption peak at 268 nm due to the electronic
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transition of w-m*, which is consistent with what was stated in the literature [23].
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Figure 5. UV spectrum of nickel oxide nanoparticles
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Figure 6. UV spectrum of palladum oxide nanoparticles
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Figure 7. UV spectrum of the platinum nano metal

3.3. Transmission Electron Microscope (TEM)

The transmission electron microscope is one of the techniques that are adopted to reach a high-
resolution image of materials at the nano scale, as the measurement of the electron beam inside
the sample to be examined is known. The TEM measurement in Figure (8) of nickel oxide showed
the presence of ball-like structures whose size ranges between 70 nm and 97 nm in addition to
irregular shaped structures whose sizes ranged from 61 nm to 92 nm. The distribution of
nanoparticles in Figure (9) proved that the distribution was within the range of 40-90 nm. Figure
(10) showed the presence of regular geometric structures similar to balls with sizes 13-18 nm in
addition to regular geometric structures similar to rectangles with dimensions of 22 « 13 and 15 «
10 nm. The distribution of nanoparticles in Figure (11) proved that the distribution was within the
range of 2-22 nm. It is characteristic that the resulting structures had rough surfaces, which
indicates that the result of aggregates of nanoparticles smaller than nickel oxide. This is evidence
of the successful formation of nickel oxide nanoparticles from its complexes. The measurement
contains most of the areas in the form of light areas, which indicates that the nanoparticles of nickel
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oxide do not accumulate, and this is due to the presence of ligands that act as inhibitors of particles
gathering [24].
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Figure 8. TEM measurement of spherical and Figure 9. TEM measurement of spherical and
irregularly shaped NiO NPs irregularly shaped NiO NPs
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Figure 9. TEM measurement of spherical and Figure 11. Distribution of spherical and irregular
rectangular NiO NPs NiO NPs

The TEM measurement in Figure (12) of palladium oxide showed the presence of a tubular
structure with a length not exceeding 720 nm and a diameter not exceeding 85 nm. Figure (13)
shows the surface of this tube, which contains semi-regular spherical structures with a diameter
within the range of 4-19 nm. The distribution of nanoparticles in Figure (14) proved that the
distribution was within the range of 2-18 nm. The presence of these small particles confirms that
the tubes are composed of smaller nanoparticles lined up next to each other to form palladium
oxide nanotubes [25].
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Figure 12.TEM measurement Figure 13. TEM measurement of the surface of
of PdO nanotubes PdO nanotubes
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Figure 14. Distribution of spherical palladium oxide nanoparticles on the surface of a palladium
nanotube

In Figure (15), the TEM measurement of platinum nanoparticles was found in the form of
hexagons of platinum nanoparticles, with a side length of approximately 38-40 nm, a width of 69
nm, and a length of 77 nm. The measurement also showed that the nano-platinum might be in the
form of long, irregular chains with a diameter within the range of 65-12 nm, as shown in Figures
(16 and 17) [26].
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Figure 17. Distribution of platinum nano-chains

3.4. The X-ray diffraction

The X-ray diffraction measurement in Figure (18) showed the presence of the main peaks of nickel
oxide, which appeared at 37.4014, 43.5194, 63.0645, 75.8147, and 77.7895 degrees, with FWHM
values of 0.2952, 0.3444, 0.1968, 0.6888 and 0.4800 degrees, which correspond to Miller's
coefficients. The following are: 111, 200, 220, 311, and 222 which correspond to JCPDS 47-1049
[27]. The size of the nickel oxide nanoparticles was calculated using the Scherrer equation, and it
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was found that the average size was 28.53 nm. This size greatly agrees with the sizes of nickel
oxide nanospheres and rectangles determined by the TEM technique, as shown in Table (1). The
measurement also shows the presence of other peaks, which can be attributed to the ligand or
complex residue surrounding the nickel oxide nanoparticles.
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Figure 18. X-ray diffraction of NiO NPs
Table 1. X-ray diffraction information for NiO NPs and average particle size calculated by Scherrer equation

Pos. Height FWHM [°2Th.] | Particle size (nm) | Average particle
[°2Th.] [cts] size (nm)
37.4014 3913.45 0.2952 29.70
43.5194 8132.74 0.3444 25.96
63.0645 3409.23 0.1968 49.50 28.53
75.8147 1029.25 0.6888 15.28
77.7895 416.53 0.4800 22.23

The X-ray diffraction measurement in Figure (19) showed the presence of the main peaks of
palladium oxide, which appeared at 33.2, 42.3, 53.8, 62.5, and 70.1 degrees, with FWHM values
of 0.63725, 0.43585, 0.977, 0.53279 and 0. 25 degrees which correspond to the following Miller's
coefficients: 101, 110, 112, 103, and 202, respectively, which corresponds to JCPDF 85-0624 [28].
The measurement also indicated the presence of other peaks, which can be attributed to the ligand
or complex residues surrounding the palladium oxide nanoparticles. The size of the palladium
oxide nanoparticles was calculated using the Scherrer equation, and it was found that the average
size was 20.47 nm. This size is in great agreement with the sizes of the palladium oxide nano
spheres found on the surface of the palladium oxide nanotubes determined by TEM technology,
as shown in Table (2).
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Figure 19. X-ray diffraction of Nano scale PdO NPs
Table 2. X-ray diffraction information for PdO NPs and average particle size calculated by Scherrer equation
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Pos. Height FWHM [°2Th.] Particle size (nm) Average particle
[°2Th.] [cts] size (nm)

33.2 6875.4 0.63725 13.60

42.3 1691.2 0.43585 20.43

53.8 1052.8 0.977 9.53 20.47

62.5 814.8 0.53279 18.23

70.1 408.8 0.25 40.57

The X-ray diffraction measurement in Figure (20) showed the presence of the main peaks of
platinum metal, which appeared at 39.8066, 47.7100, and 66.4561 degrees, with FWHM values of
0.41104, 0.39437, and 0.44325 degrees, which correspond to the following Miller's coefficients:
111, 200 and 220, respectively which corresponds to JCPDF 4-802 [29]. The measurement also
indicated the presence of other peaks, which can be attributed to the ligand or complex residues
surrounding the alilatin nanometal. The size of platinum nanoparticles was calculated using the
Scherrer equation, and it was found that the average size was 22.30 nm. This size is in great
agreement with the sizes of the specific platinum nano-chains determined by TEM technology, as
shown in Table (3). The measurement also showed the presence of other peaks, which can be
attributed to the ligand or complex residues surrounding the alilatin nanometal.
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Figure 20.X-ray diffraction of a Pt NPs

Table 3. X-ray diffraction information for Pt NPs and average particle size calculated by Scherrer equation

Pos. Height FWHM [°2Th.] Particle size (nm) | Average particle size
[°2Th.] [cts] (nm)
39.8066 10530.12 0.41104 21.49
47.7100 4497.69 0.39437 23.02 22.30
66.4561 673.38 0.44325 22.40

3.5. Biological Activity Study

The biological activity of the prepared new NiO, PdO, and Pt was studied against the selected
type of microorganisms. It included gram-positive bacteria such as staphylococcus aureus and
gram-negative bacteria, such as E.coli, in the agar diffusion method, which is used (DMSO) as a
solvent. The nanocomposites showed a good activity against two types of positive and negative
bacteria and one type of candida Albicans, as shown in Table (4) and Figure (21) [30].
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Table 4. Diameter of the antibiotic inhibition circuit for Nano composites

Compounds Escherichia coli Staphylococcus aureus candida albicans
Ceftriaxone 35 30 0
Metronidazoleole 0 0 15
NiO NPs 39 20 17
PdO NPs 32 18 12
Pt NPs 33 27 15
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Figure 21. The inhibition diameter of oxides (nickel and palladium) and nano platinum for two types of
bacteria and one type of fungi.

3.6. The Study of Antioxidants

The DPPH method was used as the Schiff base ligand's antioxidant activity, the prepared
complexes, the oxides (nickel and palladium), and platinum nanoparticles free radicals [31]. The
percentage of antioxidant activity of the ligand and some of the prepared complexes were evaluated
by scavenging the free radicals of the DPPH molecule according to the following equation:

The results showed that the color of the DPPH solution changed from purple to light yellow due
to the dissolution of free radicals by ligands and complexes, donating hydrogen to form a stable
molecule DPPH-H. This means that it possesses antioxidant activity because it contains the proton
that can give it to scavenge free radicals. Then it can use it to inhibit the growth of cancer cells, as
the ligand and its complexes were able to scavenge the free radical on the DPPH molecule by
donating one of the protons in the ligand or complexes.

Scavenger Activity % =100 - (A0 - At\ A0) * 100
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Where AQ is the absorbance of DPPH, it represents the absorbance of the extracted solution with
DPPH. As for the effectiveness of nickel and palladium oxide particles and platinum nanoparticles,
IC50 cannot be estimated because the higher concentration and the lower the effectiveness [32].

Table 5. The percentage of free radical scavenging or the percentage of antioxidants for a period of 30 min

9+9+99+ conc. ug 1C50
Tested with DPPH 25 50 100
Vit.C 89.16 93.68 95.68 14
NiO NPs 19.08 18.09 17.03
PdO NPs 16.82 14.55 8.76
Pt NPs 19.78 13.99 11.08

4.Conclusion

NiO, PdO, and Pt nanos, with average particle sizes of 28.53nm, 20.47, and 22.30, respectively,
were successfully synthesized by laser ablation in a liquid environment. The optical
characterization was studied using UV-VIS spectrophotometer and FT-IR. The material structure
was investigated using XRD, and the morphological properties were studied using TEM
techniques. The experimental results of XRD and FT-IR analyses confirmed the formation of NiO,
PdO, and Pt nanos phases.
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