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Abstract

Graphical abstract

Colloidal solutions of gold and silver nanoparticles (NPs) were synthesized using a Q-
switched Nd:YAG laser (1064 nm, 6 ns, 1 Hz ) ablation. Gold and silver bars were immersed
in deionized water and irradiated by laser pulses for 4 min. The laser fluence was verified
within the range of 21 - 39 J/cm? with a fixed beam diameter of 1.6 mm. The effect of laser
pulse fluence on both size and ablation efficiency of gold and silver nanoparticles were
studied. The optical spectral characterization and morphological analysis of these
nanoparticles were carried out by UV-Vis spectrophotometer and transmission electron
microscopy (TEM), respectively. The average particle size for Au and Ag are 38.0 £ 10.3 nm
and 31.3 £ 10.5 nm at corresponding optimized laser fluence of 31 and 25 Jcm?2
respectively.
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Abstrak

Penyelesaian koloid emas dan nanopartikel perak ( NPS ) telah disintesis menggunakan Nd
Q-switched: YAG laser (1064 nm, 6 ns, 1 Hz ) ablation . Bar emas dan perak telah direndam
di dalam air ternyahion dan radiasi oleh denyutan laser untuk 4 min. The fluens laser telah
disahkan dalam lingkungan 21-39 J/cm?2 dengan diameter rasuk tetap sebanyak 1.6 mm.
Kesan laser nadi fluens di kedua-dua saiz dan ablasi kecekapan emas dan perak
nanopartikel telah dikaji. Pencirian spektrum optik dan analisis morfologi nanopartikel ini
telah dijalankan oleh UV-Vis spekirofotometer dan penghantaran elekfron mikroskop
(TEM), masing-masing . Saiz zarah purata bagi Au dan Ag adalah 38.0 £ 10,3 nm dan 31.3 £
10,5 nm masing-masing pada dioptimumkan fluens laser pada 31 dan 25 Jcm? yang
sepadan.

Kata kunci: Laser, Laser fluens, nanopartikel, emas dan perak koloid
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1.0 INTRODUCTION other via temporal associative forces. This process

leads to the formation of supramolecular polymer-like

Over recent years, there has been an explosive
growth of interest in the development of novel gel-
phase materials based on small molecules [1]. It has
been recognised that an effective gelator should
possess functional groups that interact with each

structures [2] which then aggregate further, hence
gelating the solvent. Supramolecular interactions
between building blocks that enable gel formation
include hydrogen bonds, interactions, solvatophobic
effects and van der Waals forces [3]. Recently, great
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emphasis has been placed on ways in which the
structure of the gelator can control gel formation [4].
This has led to the investigation of a wide range of
structurally diverse gelators, including those with
dendritic structures [5]. Combinatorial libraries have
also been investigated to enable the discovery of
gelators with tunable properties [4].

In some cases, which are still relatively rare, two
component gelators have been reported [7-9]. The
two components interact with one another to form a
complex, which is then capable of further
supramolecular self-assembly leading to gelation. In
2001, we made a preliminary report of the first
dendritic two component system for the gelatfion of
organic solvents [10]. This two component system has
a number of features which are important for
effective gel formation: a) acid-base interactions
between components, b) dendritic branching, c)
aliphatic diamine spacer chain. This communication
illustrates how using two components enhances the
tunability of gel-phase materials, and indicates three
ways in which macroscopic properties and
microstructural features of the gel can be controlled.

As might be expected, the concenfration of the
gelator system controls the structure and properties
of the gel. The solvated gelator network was
observed using cryo transmission  electron
microscopy (cryo TEM) at different concentrations,
maintaining a 2:1 (dendrimer:diamine) ratio. Af low
concenfration, thin fibres were present, which at
higher concentration aggregate and assemble info
thick fibre bundles. The effect of molar concentration
on the thermally reversible gel-sol phase transition
(Tget) was monitored using the tube inversion
technique [11]. The validity of this approach, and the
reversibility of the phase transition, was checked with
differenfial scanning calorimetry. As the molar
concenfration of the dual components as shown in
Table 1.

2.0 EXPERIMENTAL

Noble metals of gold and silver plates were
employed for this research as target materials. Gold
plate with higher than (99.999 %) purity, depth of 2
mm, and ifs diameter 20 mm. Silver plate with high
purity of (99.998 %). thickness of 2 mm, and surface
area of 25x 25 mma2. Subsequently, plates were
cleaned by ethanol and placed with ablation vessel
in ultrasonically bath and rinsed with deionized water
before each experiment to eliminate contaminants.
The targets were kept atf the bottom of a 2.5 cm x 2.5
cm-Pyrex vessel filed with ultrapure 182 MQ
deionized water as a layer thickness of a 1.8 mm
above its surface. Pulsed Nd:YAG loser with
fundamental (1064 nm) wavelength, pulse duration 6
ns and repetition rate of 1 Hz was employed for
ablation as irradiation source. By using a lens with a
focal length of 100 mm, the laser beam at a spot size
of 1.6 mm in diameter with laser fluence of 21-39
J/cm? was focused onto the target surface. During

ablation process, the Au and Ag colloidal solution
was typically stired by magnetic sfirrer to remove the
NPs produced from the laser path. Laser ablation
process lasted for 4 minutes at room temperature,
and the color of solution gradually changed to red
and yellow with the increase of ablation time for gold
and silver plate, respectively. It signified the presence
of NPs.

The optical spectral characterization of the gold
and silver colloidal solutions was measured with a UV-
Vis spectrophotometer (Perkin-Elmer, Lambda 25). A
0.5 cm pathlength quartz cuvette was ufilized for the
absorption measurements. A transmission electron
microscope (TEM), Philips CM12, operatfing at 120 kV
accelerating voltage, was used tfo acquire
micrographs of the resultant gold and silver
nanoparticles. The gold and silver colloidal solutions
were placed in the ultrasonic bath for 20 min.
Subsequently, a small drop of sample solufion was
put on the carbon-coated copper grid, and dried at
room temperature. More than hundred particles
were computed to determine the size (diameter)
and its distribution for each of the sample.

3.0 RESULTS AND DISCUSSION

Figure 1a and b presented typical UV-Vis optical
spectra of colloidal solution produced by ablating Au
and Ag targets in deionized water. The absorbance
of gold and silver colloids demonstrated the
characteristic features of the surface plasmon
resonance SPR. The prominent band of SPR peak
position of gold and silver observed at around 530-
536 nm and 406-412 nm respectively, as a function of
the laser fluence. The presence of prominent and
consistent single peak indicated that the obtainable
nanoparticles are nearly in spherical configuration
and this is validated by the TEM examination. The
morphology observation of the colloids will be
discussed in the later part of this report. The
absorption due to the interband transition is sensitive
to the amount of particles and does not shift
noticeable with the particle size [26, 28]. Thus, the
absorption of the solution at the wavelengths of
interband fransitions can be employed as a measure
of the total amount of gold particles in the solution,
having nanoparticles of different sizes, clusters, and
free gold atoms [29]. Therefore, the ablation
efficiency was estimated from the absorbance of the
interband transition for gold and silver at 330 nm and
250 nm, respectively.

The laser beam was adjusted at a spot size of 1.6
mm in diameter and focused using a lens 10 cm onto
the gold surface. The different laser pulse fluences
between 21-39 J/cm? were strike on the target for 4
minutes. On the basis of experimental data illustrated
in Figure 1, there is a correlation between the
ablation efficiency and the particle size of the
colloids at certain laser fluence. The characteristics of
both the absorption spectrum SPR peak and the
interband transition are affected by the variation of
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laser fluence. It is found that both SPR peak and
interband fransition are increased with laser fluence
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and the SPR peak position is realized slightly shifted
tfoward shorter wavelength (blue shift).
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Figure 1 UV-Vis optical spectra of colloidal solution produced by ablating Au and Ag targets
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Figure 2 Laser fluency against absorbance

These results indicate that an increase in ablation
efficiency and decrease in particle size with the
increase of laser fluence. But all ablation efficiency
increased and reached maximum value for gold and
siver at laser fluence of 31 and 25 J/cm?,
respectively. Beyond these values, the ablation
efficiency decreased significantly and the SPR peak
position changed towards a longer wavelength.
These values of laser fluence at the maximum
ablation efficiency are considered as optimal
condition for gold and silver nanoparticles as shown
in Figure 2a and b. This can be understood by self-
absorption process because the ablation of metals in
the solution system leads to generate metal partficles
on the path of the incident laser light which can
absorb the laser light [26]. The absorbed photon can
thermally excite the lattice of metal particles and its
temperature rises  significantly  so  that  the
nanoparticle starts to fragment. The fragmentation

rate of large particles must increase with increasing
the laser fluence, which corresponds to the
increased concentration of the nanoparticles in the
solution namely the increase of the ablation
efficiency and a smaller parficle size distribution is
also in agreement with blue shift. The increase of
ablation efficiency may be due fo the strong plasma
pressure induced by the higher laser fluence, causing
further ablation, material reaction with the liquid
phase [29]. But at high laser fluence, the effect of the
self-absorption may be quite significant because
many metal particles are formed. Hence the self-
absorption can reduce the intensity of incident laser
to reach the target surface. In this case, the intensity
of plasma plume decays and its effect on the target
surface related the ablation effects decreased,
consequently no  further increase in the
concentration of the nanoparticles [30]. Thereby, the
ablation efficiently decreases and the SPR peak
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position is shiffed tfoward longer wavelength due fo respectively. Each frame is accompanied with the
the aggregation of the particles and insensitivity to histograms of the particle size distribution. The results
the laser fluence, hence the particle size increases. yielded by analysis of the particle size distribution for
These results were validated by transmission electron each case are summarized in Table 1.

microscopy TEM examination. Figure 3 and 4 show
images of TEM of Au and Ag nanoparticles,
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Figure 4 Transmission electron microscopy TEM examination of Ag
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Table 1 Analysis of the particle size distribution

Metal Laser fluence Average particle size Standard deviation
Ifem? (nm}) (nm)
Au 31 38.0 10.3
Ag 25 31.32 105

From TEM images for both Au and Ag, majority of
the nanoparticles having spherical shape, relatively
high aggregation and some chains of accreted
particles. The corresponding histogram of its particle
size distribution shows that the particle size distribution
is more broadening with an average particle size of
38.0 and 31.3 nm for Au and Ag nanoparticles,
respectively. As mentioned earlier, this is atfributed
from the used of high laser fluence and longer
wavelengths. To tune average particle size and size
distribution with less aggregation of nanoparticles,
laser-induced  fragmentation  fechnique  was
employed. However, determination of optimum laser
fluence plays an important role to raise the density of
the ablated species.

In this work, ablatfion efficiency of Au and Ag
nanoparticles are found increased continuously with
laser fluence unfil the achievement of maximum
value. Beyond that the ablation efficiency is
decreased exponentially. This mean the size of
nanoparticles is decreased by increasing the laser
fluence. At low laser fluence, this finding is in a good
agreement with Dorranian et al., [31] who used Ag
ablation. They found that the amount and size of
silver nanoparticles prepared by wavelength of 1064
nm at 7 ns pulse width increases with laser fluence. At
high laser fluence after opfimum value, the ablation
efficiency and particle size are found inversely
proportional with laser fluence. The later result is quite
different may be due to the difference in laser
fluence used for ablation.

4.0 CONCLUSION

Gold and silver nanoparticles were successfully
synthesized by pulsed laser ablation in deionized
water at different fluences of laser pulse. The effect
of laser pulse fluence on both size and ablation
efficiency of gold and silver nanoparticles were
studied. The self — absorption of laser pulse in colloidal
solutions caused a significant influence on the
ablation efficiency and particle size. It is found that
the ablation efficiency increases (whereby the
particle size decreases) when laser fluence increases
unfil its maximum value at laser fluence of of 31 and
25 J/cm2 for gold and silver, respectively;
subsequently, the ablation efficiency rapidly
decreased with increasing the laser fluence. TEM

micrographs and UV-Vis spectrum indicate that the
nanoparticles are revealed in spherical shape. The
average particle size of gold and silver nanoparticles
is 38.0 and 31.30 nm, respectively.
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