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ABSTRACT

6 - 12 nm silver nanoparticles were synthesized by the pulsed laser ablation of a high purity silver bulk in distilled water.
Effect of laser fluence on the size, morphology and structure of produced nanoparticles has been studied experimentally.
Pulses of a Q-switched Nd:YAG laser of 1064 wavelength at 7 ns pulse width at different fluences were employed to
irradiate the silver target in water. The UV-Visible absorption spectra of the Ag nanoparticles exhibit surface plasmon
resonance absorption peak in the UV region. TEM and SEM micrographs, in a good agreement with DLS results, indi-
cate that with increasing the laser fluence the average size of spherical Ag nanoparticles is decreased. It is found that Ag
nanoparticles exhibit photoluminescence emission with two peaks because of the inter band transition and electron-hole

recombination.
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1. Introduction

There is a growing interest in the fabrication of nanoma-
terials and their applications in various fields of life and
technology such as electronics, health care, energy gen-
eration, and storage. Nanomaterials, defined as materials
having typical dimensions less than 100 nm, present very
special physical and chemical properties that strongly
depend on their size and shape [1]. Properties of material
are known to be strongly dependent on the chemical na-
ture and the structure of its constituents, in particular, due
to overlapping their atomic or molecular orbitals. Bulk
materials composed of a large number of atoms, are
characterized by the presence of energy bands, which are
responsible for most of physical and chemical properties
of solids. However, for nanomaterials the number of at-
oms becomes so small that the electronic energy bands
are significantly modified, strongly affecting almost all
physical properties of the materials [2]. Those significant
properties, such as chemical, electronic, mechanical, and
optical properties, of nanoparticles obviously distinguish
them from those of the corresponding “bulk” material.
Production of nanoparticles (NPs) in the liquid me-
dium can be done in several ways; Methods of chemical,
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electrical, and laser ablation [3-5]. Evidence shows that
the latter method is superior to other methods. Indeed,
laser ablation in liquids, which consists of the pulveriza-
tion of a solid target in liquid ambience, gives a unique
opportunity to solve the toxicity problems. In contrast to
chemical nanofabrication methods, laser ablation can be
performed in a clean, well-controlled environment, such
as deionized water, giving rise to the production of ul-
trapure nanomaterials [3]. Furthermore, different struc-
tural and morphological characters of produced NPs can
be controlled by laser fluence, spot size, wavelength,
pulse width, and repetition rate of laser pulse.

Noble metal NPs have attracted much attention be-
cause of their unique size dependent optical properties,
magnetic properties, catalytic properties and etc [3]. The
size dependent properties of silver NPs make them suit-
able for many applications in various areas such as cata-
Iytic, optical and antibacterial applications [6,7]. Silver
NPsare proved to be more effective as it has good antim-
icrobial efficacy against bacteria, viruses and other eu-
karyotic micro-organisms [8]. The current investigations
support that use of silver ion or metallic silver as well as
silver NPs can be exploited in medicine for burn treat-
ment, dental materials, coating stainless steel materials,
textile fabrics, water treatment, sunscreen lotions, etc.
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and posses low toxicity to human cells, high thermal sta-
bility and low volatility [9]. Engineered nanoparticles are
used in biomedical applications such as antibacterial im-
plants or catheters, modification of textiles, and refine-
ment of polymers [10]. Silver NPs are also used in bio-
sensors for glucose monitoring in diabetes patients and
other medical health related target [11-23].

In this manuscript we have investigated the effect of
laser fluence on the characteristics of silver NPs pro-
duced by laser ablation of bulk silver in distilled water.
Effect of laser fluence on the size distribution as well as
lattice structure of NPs is studied experimentally and
morphology of NPs is observed.

The manuscript is organized as follow; following the
introduction in Section 1, the experimental setup is pre-
sented in Sections 2. 3 is devoted to results and discus-
sions and Section 4 includes conclusion.

2. Experimental Set up

Nano particles were prepared by ablation of a high purity
silver bulk in distilled water, using the fundamental har-
monic of Nd:YAG laser operating at 1064 nm with pulse
width of 7 ns and 10 Hz repetition rate. Silver bulk was
placed at the bottom of a water contain with its surface at
the focal point of a 80 mm convex lens. Height of water
on the silver target was 12 mm. Laser beam diameter was
6 mm before lens and was calculated to be 30 pm on the
surface of the target. The volume of the water in the ab-
lation contain was 20 ml and silver target was ablated
with 500 laser pulses at different fluences. Samples 1 - 5
were prepared with laser pulse fluences of 1, 1.5, 2, 2.5,
3 J/em® respectively.

Optical absorption spectra of samples in a 10 mm path
length quartz cells were measured by UV-Vis-NIR spec-
trophotometer from PG Instruments (T-80). Dynamic
Light Scattering (DLS) measurement was done using the
Nano ZS (red badge) ZEN 3600 device from Malvern Co,
for studying the hydrodynamic size distribution of the
nanoparticles in water. Normally 100 or more particles
were counted to determine the size distribution of each
sample. TEM and SEM micrographs were taken us-
ingCM120 and XL30 systems form PHILIPS Co respec-
tively. X-ray diffraction was measured, employing X
PERTPRO X-ray diffract-meter from the PAN alitical.

To measure the ablation rate in the liquid medium, the
target was weighed up before and after the ablation
process by Sartorius Utensil model CP225D with 0.01
mg readability. After ablation inside water with 500 laser
pulses, the target was dried and weighed up again. Hence,
the mass loss of the target attributed to the amount of
generated NPs.

3. Results and Discussion

In Figure 1 the photo of samples are presented and in
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Figure 2 the ablation rate of samples versus laser fluence
is plotted. Depending on nanoparticle size and concentra-
tion, the color of silver nanoparticle solution in water can
be varied from yellow to brown as is shown in Figure 1.
The color of sample 1 is light yellow which changes
gradually to brown in sample 5. One reason can be due to
amount of nano particles in the solutions. In Figure 2 it
is shown that the amount of silver nanoparticles is in-
creased exponentially with increasing the laser pulse flu-
ence. Another reason for changing the color of samples is
due to their size. Measurements show that the size of
nanoparticles is decreased from sl to s5. With decreasing
the size of NPs their color is changed from yellow to
brown.

The XRD pattern of dried powder of generated NPs is
shown in Figure 3. Diffraction peaks are clearly ob-
served and are located in positions consistent with those
expected for Ag, as indicated by the Joint Committee on
Powder Diffraction Standards (JCPDS) plot presented
beneath the experimental data. The preferred orientation
of Ag bulk target and generated NP samples are exactly
the same. All have a poly crystal structure with several
preferred orientations. Therefore, it can be claimed that in

Figure 1. Ag nanoparticles samples in distilled water.
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Figure 2. Variation of the mass of the target during the ab-
lation versus laser pulse fluency.

SNL



Effect of Laser Fluence on the Characteristics of Ag Nanoparticles Produced by Laser Ablation 95

M R S5
=] MMMJ v S4
o
5 ML . -~
= v s1

<111> <200>
<220> 311> 222>
_____ Target
3 ‘ ; i ‘ i ‘
20 30 40 50 60 70 80 %0

26 (%)

Figure 3. X-ray diffraction pattern of Ag target and Ag
nanoparticle samples after drying.

this regime of ablation Ag nanoparticles do not produced
by nucleation of Ag atoms. NPs are ablated from the bulk
target with the same lattice structure. The mean grain
size of synthesized Ag nano particles could be estimated
according to the Debye-Scherrermodel. Broadening the
peaks of XRD pattern of NPs from sl to s5 confirm that
size of grains is decreased in these samples [8].
Absorption spectrums of nanoparticle solutions are
presented in Figure 4. The absorption peaks at 405 nm

are due to silver NPs Surface Plasmon Resonances (SPR).

For SPR phenomenon to happen, the particle must be
much smaller than the wavelength of incident light. The
intensity of absorption peak depends on the number of
nanoparticles. For different samples this number is dif-
ferent in the experiment. If the size of NPs increases,
their SPR absorption spectrum peak will be shifted to-
ward larger wavelength and vise-versa [9]. From sl to s5
a small blue shift of 5 nm can be observed for the SPR
peaks of absorption spectrum. Another important pa-
rameter of SPR peak is its Full Width at Half Maximum
(FWHM). It is shown in Mie scattering theory that with
increasing the size of NPs, FWHM of their SPR peak
will decrease. In the case of produced NPs here, the
FWHMs of SPR peaks are very close of about 88 nm. It
is due to the sizes of produced NPs which are close and
the fact that FWHM of SPR peak is not as sensitive to
NPs size as the wavelength of the SPR.

Figures 5 present SEM images of Ag nanostructures
prepared by laser ablation in deionized water. Images are
prepared with 25 kV electrons leads to 30 kX magnifica-
tion. Nps solutions were dried on Al foil at room tem-
perature before imaging. Morphology of Ag nanoparti-
cles depends on laser pulse energy. The generated grains
of nanoparticles in this experimental condition are almost
spherical and adhered to each other. This structure is
similar to those reported in Ref. 11 prepared at room
temperature. It is observable that with increasing the en-
ergy of laser pulse, rate of adhesion is decreased and
grains are smaller. Specially in the case of s5 there is not

Copyright © 2013 SciRes.
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Figure 4. UV-Vis-NIR absorption spectrum of Ag nanopar-
ticles in distilled water, with distilled water as the reference.

any grain forms in the nanoparticle solution. The size of
Ag nanoparticles is decreased with increasing the fluence
of the laser pulse.

More information about the size and morphology of
NPs are presented in Figures 6 and 7(a)-(e). In Figure 6
the hydrodynamic size distribution of samples measured
by DLS is shown. Hydrodynamic size of nanoparticles is
their real diameter plus the diameter of the electrostatic
potential around them, so it is larger than the real size of
NPs. The peaks of hydrodynamic size distribution func-
tions of samples 1, and 2 have one peak at 78.8 nm. The
peak of sample 3 is occurred at 68.1 nm. Hydrodynamic
size distribution functions of samples 4 and 5 have two
peaks. The peak occurred at larger size is due to ablated
NPs while the peak corresponds to smaller size is due to
ablated NPs which are fragment by the laser pulse energy.
The second illumination process has extenuated the ab-
lated nanoparticles. In the case of lower laser pulse en-
ergy, this process can not be observed. For sample 4,
peaks are occurred at 58.8 nm and 24.4 nm while for
sample 5 peaks are occurred at 10.1 nm and 3.1 nm. With
increasing the laser fluence in this regime of ablation, the
size of NPs is decreased. For laser pulse energy density
of 2.5 J/em® and 3 J/em® the secondary irradiation of NPs
by the laser pulse has generated another class of smaller
Ag nanoparticles.

TEM images of samples are presented in Figures 7
(a)-(e). In this set of images, the in tergrain structure can
be observed. Produced nanoparticles are spherical with-
out any aggregation. The size distribution of nanoparti-
cles can also be observed in Figure 7. These graphs are
plotted using the “measurement” software. We have a
wide range of sizes of nanoparticles in each sample, but
from sample 1 to 5 we can see that the peak of size dis-
tribution of samples is tended to smaller values from 12
nm to 6 nm.

Considering that TEM and DLS analyses particle sizes
differently, the results obtained from DLS and TEM can
be considered to be in good agreement with each other.
In both cases with increasing the laser fluence, the size of
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Figure 5. SEM micrographs of Ag nanoparticle samples dried on aluminum foil.
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Figure 6. Ag nanoparticle hydrodynamic size distribution of
samples measured by Dynamic Light Scattering (DLS) de-
vice.
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NPs is decreased. But measured size by DLS device is
larger than the sizes we can observe in TEM micrographs.
This difference can be due to the fact that DLS analysis
includes the ligand shell and determines the hydrody-
namic sizes of the synthesized nanoparticles whereas in
TEM we can look at only metallic core [11,23].

The photoluminescence spectra from Ag NPs are
shown in Figure 8. Photoluminescence emissions spectra
from the synthesized samples have been recorded at
room temperature at 270 nm excitation wavelengths. As
can be seen in Figure 8, the PL emission intensity has
been increased with increasing the laser fluence. The
intensity of peaks may be intensively influenced by the
increase of interactions between NPs due to higher con-
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Figure 7. TEM image and size distribution of Ag nanoparticle generated in distilled water with laser ablation mechanism.
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centration. It is found from Figure 8 that samples exhibit
PL emissions in the violet-blue and UV region. There is
one intense peak in the photoluminescence of all samples
which is occurred in the range of 422 to 455 nm. This
peak shows a red shift from sample 1 to 5 respectively.
There is another peak in the photoluminescence of sam-
ples in the range of 355 - 360 nm. The intensity of this
peak is increased noticeably from sample 1 to 5 and the
peak is blue shifted. The schematic of the excitation and
recombination mechanisms can be depicted as shown in
Figure 9, where the band structure for a typical noble
metal is represented by a simple model. The band corre-
sponds to 355 - 360 nm transition is observed only in the
spectra of the samples containing the smallest Ag NPs
which are typically smaller than 10 nm and is absent in
the samples with larger particles. This peak is very close
to the peak of PL band of bulk silver [24-26]. This emis-
sion is corresponded to the direct radiative inter band
recombination of the conduction sp-band electrons with
holes in the valance d band that have been scattered to
momentum states less that the Fermi momentum. The red
shift of this peak may be due to coupling of these pho-
tons with SPR photons. The band corresponds to 422 -
455 nm is in the wavelength range of SPR excitation
which is red shifted when the size of the particles de-
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Figure 8. Photoluminescence spectra of Ag nanoparticles in
distilled water.
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Figure 9. Excitation and recombination mechanism inside
the band structure of noble metals.
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creases. This behavior can be attributed to radiative de-
cay of SPR excited in silver NPs [27-29].

In Figure 6, DLS size measurement shows that we
have two classes of NPs in the s4 and s5. In case of sl -
s3 there is just one peak in the size distribution function
measured by DLS method. We can see that the difference
of energy of conduction band and d-band in the smaller
NPs in s4 and s5 is larger than the similar magnitude in
larger size NPs. It is natural, since in this case, the per-
turbation of energy levels in small NPs is smaller. A blue
shift is taken place for this peak from s4 to s5.

4. Conclusion

Preparation of silver NPs by laser ablation method at
different fluencies of laser pulse in pure water is investi-
gated. The generated NPs in this experimental condition
are almost spherical. The size of NPs is decreased by
increasing the laser pulse fluency and the rate of adhe-
sion is decreased and grains are smaller. The intensity of
absorption peak depends on the laser pulse fluence. The
poly crystal structure of generated NPs and the Ag target
are exactly same. The room temperature photolumines-
cence spectra of silver nanoparticles show increasing the
intensity of emission with increasing the laser pulse flu-
ency. With increasing the laser fluence a smaller class of
NPs is formed due to secondary interaction of laser pulse
and ablated NPs. Effect of this smaller class is clear in
DLS hydrodynamic size distribution and PL spectrums.
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