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Abstract

Silver nanoparticles were prepared by using Nd-YAG pulse laser with
(A=1064 nm), and the optical properties of these nanoparticles were studied. Then the
optical absorbance spectrum measurements in NaOH were carried out. Shape, size
and concentration of the colloid silver AgNPs show a spherical shape and a particles
diameters in the range of (30-50) nm. Finally, the spectral measurements such as
surface plasmon emission (SPE) from the prepared silver nanoparticles were done.
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1- Introduction

Noble metal nanoparticles such as Ag and Au have been a source of
considerable attention due to their novel electrical, chemical, physical, optical and
magnetic properties [6]. However, design, synthesis, and fabrication of nanoparticles
for specific applications or fundamental inquiry remains immature without accurate
and well resolved characterization of nanoparticle size and structure [2]. Size-
controlled optical properties of Ag-nanoparticles open good prospects for potential
technological applications such as diffraction elements, optical filters, nanoplasmonic
devices [4]. The structure , shape and size of nanoparticles produced by pulsed laser
ablation of bulk target immersed in the liquid environment depends on several factors,
including: the wavelength of the laser beam used, intensity, duration of pulses,
ablation time and the effect of the surrounding medium with or without surface
tension of the liquid [3]
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2- Experimental Works

Nd-YAG,Laser beam was focused by using lenses above the target metal. The
target metallic silver ( purity of 99.99% ) was fixed by a holder at the bottom of a
quartz container .Nd-YAG Laser with an output pulse energy in the range of (600-
750) mJ and wavelength of (1064) nm were used as in figure (1). The absorbance
spectra of prepaired AgNPs in NaOH was carry out using (UV-Vis) double beam
spectrophotometer (CECIC7200). Scaning electromicroscope (SEM) images of
AgNPs were investigated using SEM (INSPECT-550 ).

3- Results and Disscusions

Most of nanoparticles such as silver tend to cluster and agglomeration after the
ablation process directly, so it is necessary to work to prevent the bloc to take
advantage of the surface tension property of some liquids. We have used for that
sodium hydroxide solution at various concentrations. The results showed that the
absorbance greatly improved in the most of concentrations . This shows that the
sodium hydroxide solution works to increase the production of silver nanoparticles.

Figure (2) and table (1) shows that the increase in the number of pulses lead to
an increase in the intensity of the absorption spectrum, which is a testament to
increase the density of the nanoparticles inside the liquid. The increase in the number
of nanoparticles due to the fact that the laser beam works to uproot the amount of
nanoparticles in each pulse and increase the number of pulses is working to increase
the number of nanoparticles.

Figure (3) shows the absorbance spectra of AgNps sample, prepared at
different laser ablation energies on silver plate placed on the bottom of quartz vessel
containing 0.8 ml of sodium hydroxide solution. The results performed by keeping the
number of pulses at 30 pulses and changing the energy of the laser beam in the range
600 mJ to 750 mJ. It can be seen from figures (3), and (4) and table (2) an increase in
the pulse laser energy (600-700 mJ) the absorbance increased from 0.58 to 2.51 and
the wavelength peak red shifted from 413 nm to 400 nm. This indicates the increase in
the energy of the laser beam make it able to eradicate more particles. As well as, the
increasing in the laser energy to (750 mJ) lead to decrease in absorbance intensity
to (1.664) at the wavelength (414 nm). The explanation for that: when we increase
the ability of the laser beam make it able to eradicate micro particles and not nano
particles. We can deduce from all of the above that the presence of sodium hydroxide
solution helps to increase the generation of silver nanoparticles. The abundance of
silver nanoparticles is attributed to the presence of OH™ ions, which in particular
increase the efficiency of the formation of AgNPs ; this fact was confirmed by
Sylvestre [7].

Figure (5) shows the effect of NaOH concentration with a rate of (2 mM ) to
(10 mM ); on the absorbance spectra of AgNPs. The results performed at number of
laser pulse of (30 pulses) and laser energy of (700 mJ). According to our results, the
optimum NaOH concentration to produce maximum amount of AgNPs is (2 mM) at
laser energy and pulse number of (700 mJ) and ( 30 pulses) respectively .

Figures (6) and (7) showed a typical SEM image and EDX of silver

nanoparticles prepared in NaOH. As can be clearly seen, no aggregation took place
and the size distribution is narrow with an average diameter of (30-50 ) nm . In all
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media as shown in SEM images, silver nanoparticles are spherical in shape. In this
study the shift of the maximum of optical extinction is due to an increase in the size of
the particles in the different environments. In addition, broadening of the extinction
spectra in NaOH is related to the broad size distribution of the particles as confirmed
by SEM images. These observations suggest that the size distribution and stability of
nanoparticles depend on the nature of the surrounding liquid environments during
ablation[5,8]. EDX spectra indicated well defined peaks corresponding to Ag and Si.

Table (4) shows the measured weight of silver which used, before exposure to
laser pulses and after exposure, and also shows the weight loss. The results was fit
perfectly with the number of laser pulses .

4- Conclusions

1- The absorption spectrum in a solution of silver nanoparticles quasi-
symmetrically around the 400 nm wavelength showed that the nanoparticles in
the solution be quasi-spherical volume of about diameter 8 nm, note that silver
nanoparticles are pale yellow in color.

2- SEM images of silver nanoparticles showed a spherical in shape of Ag NPs. A
broadening of the extinction spectra in NaOH is related to the broad size
distribution of the particles . These observations suggest that the size
distribution and stability of nanoparticles depend on the nature of the
surrounding liquid environments during ablation.
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Figure (1)Experimental setup for nanoparticles synthesis, by
laser ablation technique[1]
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Figure (2): Absorbance spectrum of AgNPs for different values

of number of pulses
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Figure (3): Absorbance spectrum of AgNPs for different values
of the energy of the laser beam
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Figure (4): Absorbance as a function of energy
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Figure (5): Absorbance spectrum of AgNPs for different values
of the NaOH concentrations
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Figure (6): Sh the SEM imae oA NP on silicon substrate
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Figure (7): Shows the EDX chart of Ag NPs on silicon
substrate

Table (1) Peak wavelength values of absorbance spectrum as a
function of number of laser pulses :

No. of pulse | Wavelenght (nm) Abs
15 404 0.39
30 413 0.589
45 416 0.807

Table (2) Peak wavelength of absorbance and transmittance
spectrum as a function of energy of laser pulses:

Laser energy Wavelength Abs T%
(nm)
600 mJ 413 0.589 25.867
650 mJ 405 0.952 11.279
700 mJ 400 2.515 0.305
750 mJ 414 1.664 2.222
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Table (3) Peak wavelength of absorbance spectrum as a function of

NaOH concentration

ISSN 1997-2490

NaOH Wavelength Abs
concentration (nm)

2mM 400 2.515

4 mM 407 1.173

6 MM 408 1.185

8 mM 412 0.869

10 mM 413 0.525

Table (4): Ag weight loss as a function of the number of laser pulses

prepared in NaOH solvent

pulses Weight before weight after weight lost
(gm) (gm) (gm)
15 0.4407 0.4398 0.0009
30 0.3862 0.3848 0.0014
45 0.3677 0.3657 0.0020
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