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Abstract:

Metal nanoparticles (NPs) of silver (Ag), copper (Cu), zinc oxide (ZnO),
cadmium oxide (CdO) and tin (Sn) were synthesized by laser ablation of a solid
target in de-ionized water (DI). X-ray diffraction patterns showed the formation of
AgO, Ag, Cu, ZnO, CdO, and Sn NPs. Absorbance spectrum of the produced
nanoparticles was measured by UV-Vis spectrophotometer which showed that Ag
and CdO NPs shifted to the short wavelength (blue shift), indicating the formation of
NPs with smaller sizes, whereas CuO showed the formation two peaks. ZnO and Sn
NPs shifted to the long wavelength (red shift) which indicates the formation NPs
with larger size. Zeta potential results proved that ZnO nanoparticles were more
stable (-26.53mV) than the other metal nanoparticles, while CdO nanoparticles had
more aggregation (-16.65mV).
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Introduction

Nanotechnology demands the ability to control features at the nanoscale (10°m) [1]. Nanoparticles
are the fundamental structures in nanotechnology, which has many applications in different areas such
as biosensor and electronic nanodevices [2, 3]. Nanoparticles' properties show large differences in
electrical, optical, magnetic and chemical properties from the bulk material they are made from [4],
because they have large surface area to volume ratio as compared to bulk, quantum confinement, and
Plasmon excitation [5]. Nano-sized metals with a size range of 10-100nm are metallic nanoparticles.
Metallic nanoparticles have unique features such as surface resonance of Plasmon (SPR) and optical
properties [6]. The bright colors of noble metal nanoparticles are due to the resonant excitation of a
collective oscillation of the conduction band electrons in the particles, termed the particle Plasmon.
The SPR absorption of those metal NPs is dependent on their size, shape and composition [7]. Laser
ablation in liquid environment (PLAL) is a "top-down" nanoparticles processing method and has many
advantages over chemical techniques; it does not require expensive vacuum chambers and
sophisticated equipment, while it is also a simple and clean method where it is possible to control poor
agglomeration, size, and shape of NPs by optimizing some experimental parameters [8-13].
Zeta potential (ZP), also known as electrokinetic potential, is a stability measure of the load and
governs all interactions between particles in a suspension [14]. ZP has values between + 100 mV and -
100 mV. It is well known that higher absolute values of zeta potential mean higher stable status of
colloidal systems, while potential values higher than + 30 mV or lower than -30 mV allow for
significantly stable suspension [15,16] . ZP depends on a number of factors, such as the velocity of the
moving particle under the influence of the electrical field and the dispersion media viscosity [17].
In the present work, pulse laser ablation in deionized water was prepared for Ag, Cu, Zn, Sn, and Cd
and their characterization was studied.
Experimental Part

Metal nanoparticles (MNPs) and metal oxide nanoparticles were produced by laser ablation at
room temperature of high-purity targets of Ag, Cu, Zn, Cd, and Sn. Figure-1 demonstrates the
schematic representation of the pulsed-laser ablation in liquid (PLAL) system. The laser beam was
focused by a lens with a focal length 10 cm. Subsequently, metal targets were placed at the bottom of
a quartz vessel filled with 3 ml of liquid and irradiated with Q-switched Nd:YAG laser operated with
emission wavelength at 1064 nm, with pulse duration of 10 ns and a repeat frequency of 6 Hz. The
laser energies were used with 100-500mJ to ablate metal targets. Thin film was obtained with a drop-
casting technigue of 500mJ and 500 pulses to instill the collide fluid on a glass substratum in order to
obtain a uniform distributed thin film of nanoparticles. The crystalline structure was studied using X-
ray diffractometer (Philips PW). A spectrometer (type SP-8001-Metertech) reported the UV-Vis
absorption spectra of noble metal colloids. The zeta potential calculation was conducted using a Zeta
Plus (Brookhaven Instruments Corporation, USA).
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Figure 1-Schematic diagram of PLAL system.
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Results and Discussion
1-The structural analysis

Figure-2 shows the formation of AgO and Ag NPs prepared by PLAL of an Ag target which has a
polycrystalline structure of monoclinic and cubic phases. There is a matching between the orientation
of the Miller Indices (hkl) to each peak for Ag NPs with the JCPDS standard card of these planes, i.e.
(11-1), (111), and (202) planes . Figure-3 shows that Cu NPs have a polycrystalline structure and a
cubic phase, while there was a matching between the orientation of the Miller Indices (hkl) to each
peak for Cu NPs with (111) and (200) planes. Figure-4 shows that the formation ZnO NPs has a
polycrystalline structure and hexagonal phase for ZnO NPs. The peaks were at (100), (002), and (101)
planes. Figure-5 shows that the formation CdO NPs has a polycrystalline structure and a cubic phase,
with peaks at (111) and (200) planes. Figure-6 shows that Sn NPs have a polycrystalline structure and
a tetragonal phase with peaks at (200), (101), (220), and (211) planes. As shown in Tables-1 to 5, the
increase in the sharpness of XRD peaks indicates that the particles are in a crystalline nature of metal
nanoparticles (Ag, Cu, ZnO, CdO and Sn, respectively).
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Figure 2-XRD spectrum of experimental pattern of Ag NPs.
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Figure 3-XRD spectrum of experimental pattern of Cu NPs.
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Figure 6-XRD spectrum of experimental pattern of Sn NPs.

Table 1-The structural parameters viz. inter-planar spacing and crystallite size (D) of Ag NPs
20 (Deg.) FWHM | dwa ¢ g (nm) O hk Phase card No
| eg) | Bxo.(A) | Std.(A) '
32.3517 | 0.4908 | 2.7650 16.9 2.7669 | (11-1) | Mono.AgO [96-900-8963
38.1595 | 0.4090 | 2.3565 20.6 2.3592 | (111) Cub. Ag |96-900-8460
44.4581 | 0.4908 | 2.0362 17.5 2.0431 [ (200) Cub. Ag [96-900-8460
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Table 2-The structural parameters viz. inter-planar spacing and crystallite size (D) of Cu NPs
FWHM | dpq Ok
20 (Deg.) C.S (nm) hkl Phase card No.
(Deg.) | Exp.(A) Std.(A)
43.3094 | 0.5344 | 2.0875 16.0 2.0958 | (111) Cub. Cu |96-901-3016
50.2569 | 0.6577 | 1.8140 13.3 1.8150 [ (200) Cub.Cu [96-901-3016
Table 3-The structural parameters viz. inter-planar spacing and crystallite size (D) of ZnO NPs
FWHM | dny Ohii
20 (Deg.) C.S (nm) hkl Phase card No.
(Deg) | Exp.(A) Std.(A)
31.6116 | 0.3306 | 2.8281 25.0 2.8174 | (100) Hex.ZnO [96-900-4182
34.2975| 0.4958 | 2.6125 16.8 2.6037 [ (002) Hex.ZnO [96-900-4182
36.1157 | 0.5785 | 2.4850 144 2.4780 [ (101) Hex.ZnO [96-900-4182
Table 4-The structural parameters viz. inter-planar spacing and crystallite size (D) of CdO NPs
FWHM [ dny O
20 (Deg.) C.S (nm) hkl Phase card No.
(Deg.) | Exp.(A) Std.(A)
33.4298 | 0.3306 | 2.6783 25.1 2.6811 (111) | Cub. CdO [96-900-6691
35.7851 | 0.2892 | 2.5072 28.9 3.3219 [ (200) | Cub. CdO |96-900-6691
Table 5-The structural parameters viz, inter-planar spacing and crystallite size (D) of Sn NPs
FWHM | dhy Ohii
20 (Deg.) C.S (nm) hkl Phase card No.
(Deg) | Exp.(A) Std.(A)
30.6528 | 0.4560 | 2.9143 18.1 2.9098 | (200) Tet. Sn  |96-900-8571
32.0207 | 0.4559 | 2.7929 18.1 2.7871 | (101) Tet. Sn |96-900-8571
43.9171 | 0.4560 | 2.0600 18.8 2.0576 | (220) Tet. Sn |96-900-8571
449534 | 0.5389 | 2.0149 16.0 2.0128 | (211) Tet. SN |96-900-8571

2-Absorption spectra of Ag, Cu, Zn, Cd and Sn NPs

The solution prepared in this study for the metals’ nanoparticles has a Plasmon peak. Figures-(7-
11) display the absorbance spectra of Ag, Cu, Zn, Cd and Sn NPs, which varied with different laser
powers (100, 200,300,400 and 500 mJ, respectively) at 500 pulses. The absorbance indicated that the
increased intensity lead to increased Plasmon peak with an increase in laser power, suggesting an
increase in NP concentration [18]. The spectra show plasmon resonance peaks of Ag, Cu, ZnO, CdO
and Sn due to quantum size effects at UV ranges of 403-406, 649-653, 304-319, 276-293 and 303-315
nm, respectively, as shown in tables (6) to (10). Tables-(6, 9) show the peak absorbance of Ag, AgO
and CdO NPs at different laser powers; as the energy increased, the peak became narrower and shifted
to the short wavelength (blue shift, which indicates the formation of Ag and CdO NPs with smaller
sizes. Table-7 shows two absorbance peaks of Cu NPs at different laser powers; the first peak is stable
at 297 nm and the second is a Plasmon peak that is shifted to the short wavelength (blue shift),
indicating the formation of Cu NPs with smaller size. Tables-(8, 10) show the absorbance peaks of
ZnO and Sn NPs at different laser powers , which are shifted to the large wavelength (red shift),
indicating the formation of ZnO and Sn NPs with larger sizes as the power increases.
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Figure 7-Optical Absorbance as a Function of Wavelength for Ag NPs Colloidal Solution.
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Figure 8-Optical Absorbance as a Function of Wavelength for Cu NPs Colloidal Solution.
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Figure 9-Optical Absorbance as a Function of Wavelength for Zn NPs Colloidal Solution.
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Figure 10-Optical Absorbance as a Function of Wavelength for Cd NPs Colloidal Solution.
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Figure 11-Optical Absorbance as a Function of Wavelength for Sn NPs Colloidal Solution.

Table 6-Peak Position and Absorbance of Ag NPs at Different Power and 500 Pulses

Metal Peak Position
Power{m.J) Absorbance

Nanoparticle (nm)
100 0.8689 406

200 0.9766 406

Ag 300 1.0074 405

400 1.017 404

500 1.1106 403
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Table 7-Peak Position and Absorbance of Cu NPs at Different Power and 500 Pulses

Metal Peak Position
Power(m.J) Absorbance

Nanoparticle (nm)
100 0.1273 653

200 0.1923 651

Cu 300 0.1924 651

400 0.1974 650

500 0.2852 649

Table 8-Peak Position and Absorbance of ZnO NPs at Different Power and 500 Pulses

MIetal Peak Position
Power(m.F) Absorbance
Nanoparticle ()
100 1.3362 304
200 1.92484 308
Fn 300 20892 311
400 2.3045 317
S00 2.9545 319

Table 9-Peak Position and Absorbance of CdO NPs at Different Power and 500 Pulses

Plasmon Peak
Metal Nanoparticle Power (mJ) Absorbance
(nm)
100 0.1245 2013
200 0.2167 259
Cdo 300 0.2283 2586
400 0.3006 2582
500 0.3356 276

Table 10-Peak Position and Absorbance of Sn NPs at Different Power and 500 Pulses

™MnEetal FPealk FPositiom
Power(mi.J) Absorbamce
WNanoparticles (I IRy
1O 1.4618 201
200 20748 304
Smn 300 20134 304
4 OO 2.6249 3I0O7T
SO0 2.8339 315

3- Color Dependence of Nanoparticles

The synthesis of Ag, Cu, ZnO, CdO and Sn NPs using the pulse laser ablation on silver, ,copper,
zinc, cadmium, and tin metal plates was confirmed by the color change. Figure-12 shows that the
color of the solution was observed to change from clear to dark brown for Ag NPs, green for Cu NPs,
light brown for ZnO and Sn NPs, and white with a high concentration for Cd NPs. The figure shows
the change in color as a function of the concentration of nanoparticles by adjusting certain parameters
as shown in each duct. The important optical is metal nanoparticles attributes, as distributed in their
bright intense colors [19].
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4- Zeta Potential of Ag, Cu, ZnO, CdO and Sn NPs

ZP demonstrates the stability of colloidal nanoparticles. Figures- 13-17 display the zeta potential
values of Ag, Cu, ZnO, CdO, and Sn NP at 500 mJ laser power and 500 pulses, which were,
respectively, -23.67, -22.04, -26.53, -16.65 and -25.17mV. Notice that in the colloidal solution, more
negative values indicate more stability of NPs.
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Figure 15- Zeta potential of ZnO NPs.
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Figure 16-Zeta potential of CdO NPs.
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Figure 17-Zeta potential of Sn NPs.
Conclusions

In this work, colloidal metal NPs (Ag, Cu, ZnO, CdO, and Sn NPs) were successfully synthesized
in de-ionized water by pulsed Nd: YAG laser ablation of pure metal targets. XRD results demonstrated
the polycrystalline structure and the transformation from Zn and Cd to ZnO and CdO nanostructures.
Absorbance data demonstrated an increase in the Plasmon peak with increasing laser power, indicating
an increase in NP concentration. The zeta potential results showed that ZnO NPs are the most
stabilized colloidal compared to other metals, while CdO NPs are the most aggregated colloidal.
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