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Abstract.

In this paper we have done a comparative study on efficiency of natural polymers for stabilizing silver

nanoparticles (Ag-NPs) prepared by laser ablation technique. The selected polymers are starch (St), gelatin (Gt)
and chitosan (Ct). The fabrication process was carried out through ablation of a pure Ag plate by nanosecond
Q-switched Nd-Yg pulsed laser (A = 532 nm, 360 mJ/pulse). The stability of the samples was studied by measuring
UV-visible absorption spectra of the samples one month after preparation. The result showed that the formation
efficiency of NPs in St were highest and also the prepared NPs in St solution were more stable than other polymers

during one month storage.
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1. Introduction

Strong research efforts have been devoted in the last decade
to develop synthesis of noble metal NPs because of their
important applications in many scientific areas. Among noble
metal NPs, Ag-NPs show unique chemical, physical and
optoelectronic properties (Tsuji ez al 2008; Blanco-Andujar
et al 2010; Zhang and Xu 2010) with good potential for
use in medical diagnosis, recorded media and optics. How-
ever, there is still a big challenge to synthesize stable collides
containing Ag-NPs in various sizes and shapes for precise
applications. Indeed, metal NPs will tend to agglomerate via
precipitation and flocculation due to thermodynamic principle.
This problem can be overcome by using chemical species
which passivate NPs making their agglomeration difficult.
So far, several chemical and physical methods for synthe-
sis of Ag-NPs have been used by researchers (Tolles 1996;
Pimpang et al 2008) but laser ablation in liquid is predomi-
nant as a nonchemical approach for the production of co-
lloidal NPs. Its remarkable features are simplicity and influ-
ence of the surrounding solvent that is different with laser
ablation in gas or vacuum (Tsuji et al 2008). A number of
important physical and chemical effects of solvent are cool-
ing, confinement and oxidation or reduction (Simakin ef al
2001; Tsuji et al 2003, 2008). In addition, stability and par-
ticle size of NPs were affected by the presence of adducts in
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solution (Mafune et al 2001; Bae et al 2002). Laser ablation
is carried out in various types of stabilizers such as soluble
starch, gelatin and chitosan to prevent agglomeration of NPs
(Darroudi et al 2011; Zamiri et al 2011a, b).

In the present paper in continuation of our previous stu-
dies (Darroudi et al 2011; Zamiri et al 2011a, b), we com-
pare the efficiency of Ct, Gt and St on the stability of Ag-Nps
prepared by laser ablation method. Ag plate was irradiated in
aqueous solution of these stabilizers with a pulsed Nd:YAG
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Figure 1. UV-Vis absorption spectra of all samples.
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Figure 2. TEM images of all samples.
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laser for same period of time. Ag atoms ejected from the
metal surface by the local high temperature and high pre-
ssure plasma plumes due to interactions of metal surface and
pulsed laser beam. Then, nano-sized Ag-NPs were produced
through cooling and condensation of ejected Ag atoms by
solvent (Park ez al 2010; Zamiri et al 2011c¢).

2. Experimental

0-5 g of Ct, Gt and St were dissolved in 100 ml distilled
water (wt) at 60 °C and stirred for 1 h. An Ag plate (Sigma-
Aldrich, 99-99% purity) was first washed in ultrasonic bath
and then placed around 4 mm behind the cell wall. The cell
was filled with 20 mL of Ct, Gt, St and Wt. The metal
plate was irradiated by a pulsed Q-switched Nd:YAG laser
(Brilliant) with pulse duration of 5 ns energy, 360 mJ/pulse
and 10 Hz repetition rate at its lasing wavelength of 1064 nm.
The laser beam was focused on target by a lens with a focal
length of 250 mm. The solution was stirred magnetically dur-
ing the ablation process in order to disperse the produced
NPs. After synthesis process, prepared Ag-NPs were cha-
racterized using UV-visible double beam photo-spectrometer
(Shimadzu, UV-1650p¢), transmission electron microscopy
(TEM, Hitachi H-7100) and atomic absorption spectro-
meter (S series) to measure density of particles inside the
solutions.

3. Results and discussion

The prepared Ag-NPs were stable for periods of several
weeks. These natural stabilizers modify Ag-Nps surface
through functional group in their chemical structure (Bae
etal2011). Figure 1 represents UV-visible absorption spectra
of the prepared samples after ablation of Ag plate in Ct, Gt,
St and Wt solutions. Appearances of peaks around 400 nm
for all samples are related to the presence of Ag-NPs in solu-
tions. As it is clear from the figure, the maximum wavelength
(Amax) shifted to lower wavelength (from 405-403 nm) by
addition of Gt to Wt. According to the May theory, this blue
shift is related to the reduction of particle diameter (Bohren
and Huffman 1940).

The intensity of surface plasmon peak at around 400 nm
is increased by addition of polymer to Wt. On the other
hand, the intensity of peaks for St is highest in comparison
to other solutions. It can be seen that using St results in high-
est absorbance value. The surface plasmon peak intensity is
directly related to density of particles inside solutions. There-
fore, from these observations we can say that concentration
of Ag-NPs in St solution is highest in comparison with other
polymers which we used here. On the other hand, the density
of Ag inside the solutions is according to the following rela-
tion: St > Gt > Ct > Wt. This conclusion was further con-
firmed by measuring the density of Ag inside the solutions.
The obtained amount of Ag for Ct, Gt, St and Wt are in the
order of 0-40, 0-32, 0-11 and 0-09 mg/L.
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TEM images and particle size distributions for prepared
Ag-NPs at different solutions (Ct, Gt, St and Wt) are shown
in figure 2. From TEM images it was found that the particle
size in wt is much bigger than other solutions but minimum
size was obtained for Ag-NPs in Gt. The decrease in particle
size after addition of polymer to the distilled water is related
to the interaction between particle and polymer molecules
after formation of NPs. The mechanism of this interaction
will be explained further in detail later in this article.

To compare stability of the samples we measured the
UV-vis absorption spectra of the samples one month after
preparation. Figure 3 shows intensity of plasmon peak at
400 nm for fresh and one month stored samples. The reason
for decreasing absorption intensity during storage of sample
is sedimentation of the colloidal particles. The sedimentation
of Ag-NPs in solutions contain polymers which are less than
that found in neat water, however, the minimum decrease
in intensity occurred for NPs in St solution. Consequently,
these data show that colloidal particles obtained in St solu-
tions are more stable than those obtained in neat water and
other polymers.

In this step we would like to explain the mechanism of
absorption and capping Ag-NPs by these polymers and why
the prepared NPs in St solution are more stable. NPs are
formed via nucleation phase transition and crystal growth of
the emitted substances from Ag plate during ablation process
(Tsuji et al 2003). On the other hand, stabilizer passivated
Ag-NPs through chemical bonding to prevent their aggrega-
tion and growth. We hypothesized that Ct, Gt and St due to
their potential for multi dentate action via their hydroxyl and
amide groups, might be able to interact with Ag-NPs surface
charges and act as stabilizing templates for NPs synthesis
(figure 4).
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Figure 3. Absorption intensity of freshly prepared samples and
after one month.
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Figure 4. Mechanism of capping Ag-NPs by (a) St, (b) Gt and (c) Ct.

Upon laser ablation, many Ag atoms are produced above
the laser beam contact point and Ag plate. Because of strong
inter-atomic interactions, the produced Ag atoms attract each
other and become aggregate. At this step, the Ag atoms
interact insufficiently with stabilizer molecules. Therefore,
the initial Ag particles are formed as a result of this
inter-atomic interaction. These initial particles can grow by
supplying Ag atoms from outside of this region through
diffusion. In competition, the stabilizer molecules now can
adsorb particles and limit the growth of NPs due to steric or
ionic repulsion and prevent their aggregation (Mafune et al
2000). Figure 4 shows the mechanism of protecting particles
from aggregation by these stabilizers.

The efficiency of St to improve stability of Ag-NPs
rather than Ct and Gt can be attributed to the interaction
of its hydroxyl groups and proximity of monosaccharide
units in neighbouring chains that produce smaller cavity to
growth of particles. On the other hand, hydroxyl group is a
better chelating agent than amide group present in Ct and
Gt because of electron withdrawing nature of carbonyl group.

4. Conclusions

We prepared Ag-NPs in natural polymer such as Ct, Gt and St
using laser ablation technique as a clean and simple method.
The result showed that these natural polymers can improve
formation efficiency and stability of Nps when they dissolve
in Wt as a common liquid for preparation of Nps by laser
ablation. On the other, a comparison between them showed
that St can act more effectively than others in both aspects,
increasing formation efficiency and stability. The best rea-
son for better capping of NPs by starch is interaction of its
hydroxyl groups and proximity of monosaccharide units in
neighbouring chains that produce smaller cavity to growth of
particles.
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