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Abstract: Laser ablation of a silver plate immersed in virgin coconut oil was carried out for
fabrication of silver nanoparticles. A Nd:YAG laser at wavelengths of 1064 nm was used for
ablation of the plate at different times. The virgin coconut oil allowed formation of nanoparticles
with well-dispersed, uniform particle diameters that were stable for a reasonable length of
time. The particle sizes and volume fraction of nanoparticles inside the solutions obtained at
15, 30, 45 min ablation times were 4.84, 5.18, 6.33 nm and 1.0 X 1078, 1.6 x 107%, 2.4 x 1078,
respectively. The presented method for preparation of silver nanoparticles in virgin coconut oil
is environmentally friendly and may be considered a green method.
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Introduction

Applications of nanoparticles (NPs) depend on the particle size, charge, hydrophobicity,
and surface functionlization, etc. These phenomena cause nanotechnology to play an
important role in science and technology. Antibacterial applications and nanocomposite
fabrications are some of the more important applications of silver NPs (Ag-NPs)
among many.! It was found that Ag-NPs show strong antibacterial efficacy in very
small amounts.*

There are many methods for the preparation of NPs,> and one of them is the laser
ablation (LA) technique. This technique is based on the ablation of a solid target by
pulsed laser. The target is located in a gas or liquid environment and NPs are collected
in the form of colloidal solution or nanopowder. The method is fast, straightforward,
and an easy method for the preparation of NPs compared to other methods, as it does
not need multistep chemical synthetic procedures, long reaction times, and high tem-
peratures. Different types of NPs from metallic to semiconducting and polymeric NPs,
including semiconducting alloys or complex multielement metallic composites, can be
produced by this technique. It does not require the use of hazardous, toxic chemical
precursors for the synthesis of nanomaterials. Therefore this technique is safe for the
laboratory, environmentally friendly, and can be considered a green method. LA in
liquids has received much attention in comparison with LA in gas or vacuum. One of
the interesting features of this technique is the influence of the surrounding solvent
on particle size and stability which has been studied by many researchers.!“!! For
example, it was found that the obtained NPs in polyvinyl pyrrolidone (PVP) solution
were more stable than the preparation of NPs in pure water.'>!* PVP also prevents
aggregation of ablated atoms, clusters, and droplets produced by LA in the solution
and subsequently PVP controls the particle size.
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Recently, synthesis of NPs using vegetable oils
as stabilizing agents for preparation of NPs has been
reported.'*!* These natural compounds contain triglycerides
as amphiphilic molecules with polar carboxylic group which
is able to coordinate to NPs and non polar long carbon chain
that prevent NPs agglomeration through steric repulsion.

Among vegetable oils, the saturated fat in virgin coconut
oil is a unique type comprised predominantly of medium chain
triglycerides. This unique fat has a number of health benefits
and is completely different from the saturated fat found in
other vegetable oils and meats.!® The chain triglycerides in
saturated fat of coconut oil are burned immediately and are
not converted into cholesterol or body fat. Virgin coconut oil
with this unique type of saturated fats can supply incredible
health benefits such as protection against heart diseases and
stroke. Therefore it is considered the healthiest of all dietary
oils. In this article, we report the preparation of Ag-NPs in
virg in coconut oil using the LA technique.

Experiment

The schematic diagram of the LA experimental set up is
illustrated in Figure 1. A pulsed Q-Switched Nd:YAG laser
(Brilliant B; Quantel, Newbury, UK) with pulse duration
of 5 ns and 10 Hz repetition rate at its original wavelength
(1064 nm) was applied to fabricate Ag-NPs. A silver plate
(99.99% purity; Sigma Aldrich, St. Louis, MO) was located
in cubic glass cell containing 20 mL of virgin coconut oil.
The plate firstly was washed using ultrasonic bath for 30 min
and then immersed in the virgin coconut oil. The solution was
stirred magnetically during the ablation process to disperse
the produced NPs. The recorded laser output power by the
optical power detector was 360 ml/pulse with the power

Mirror

fluence of 162 J/em?® The laser beam was focused at the
silver target vertically by a 25-cm focal length lens and a flat
mirror. The target plate was located about 4 mm below the
oil surface. The ablation was carried out at room tempera-
ture with different duration times; 15, 30, and 45 minutes.
We obtained the volume fraction of NPs inside the samples
by the following equation:

I
V=——"— (D
Vi +V.

where V/ is the oil volume and V= m/p is the volume of the
particles where p is the mass density of the silver and m is
the particles mass dispersed in the oil. An atomic absorp-
tion spectrometer (S Series) has been used to measure m.
The obtained volume fractions of samples are 1.0 x 1078,
1.6 x 1078 and 2.4 x 10 in order for 15, 30, 45 min ablation
times. The prepared Ag-NPs were characterized using a UV-
vis double beam photospectrometer (Shimadzu, Columbia,
MD) with 1 cm optical path cell and transmission electron
microscopy (TEM, Hitachi H-7100; Hitachi, Chula Vista,
CA) at accelerating voltage of 120 kV. The samples were
prepared for TEM experiments by depositing a drop of
solution containing Ag-NPs onto copper grids and left for
one day to dry completely at room temperature.

Results and discussion

During the LA of silver plate the virgin coconut oil at first
appeared colorless and transparent but after a few minutes it
began to change to yellow-brown and finally to brown. The
color for solutions with higher concentration of Ag-NPs is
deeper. This was also confirmed by UV-vis absorption spectra
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Figure | Schematic diagram of laser ablation experimental set up.

72 submit your manuscript

Dove

International Journal of Nanomedicine 201 1:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Preparation of silver nanoparticles

and will be discussed later on. In Figure 2, the optical absorp-
tion spectra of the solutions containing Ag-NPs when the silver
plate was irradiated by constant laser power under different
ablation times is shown. The selected ablation times were 15,
30, and 45 minutes. From the figure we can relate that the
peak intensity of the spectra depends on the volume fraction
of NPs inside the samples. The peak intensity increased with
an increase in particle volume fraction. The appearance of the
400 nm peak with broad tails that are extended toward the UV
wavelength range confirmed formation of Ag-NPs inside the
solutions.!” This peak arises from surface plasmon resonance
of Ag-NPs while the tail part around 250 nm is originated from
interband transition.'® At 400 nm the spectra peaks are promi-
nent and single; this confirms that the presence of NPs in the
solutions is in spherical shapes.' It is clear from Figure 2 that
the intensity of the absorption peak increases with the increase
of ablation times, which means an increase in the formation
efficiency of the NPs. When the NPs’ formation efficiency at
longer times increases the intensity of the interband transition

0.9

401 nm

0.8 +

Absorbance

0.0

1 1
300 400 500 600 700 800 900
Wavelength (nm)

Figure 2 UV-vis absorption spectra of samples containing Ag-NPs prepared for
different ablation times in virgin coconut oil.
Abbreviations: Ag, silver; NPs, nanoparticles; UV, ultraviolet.

peak is also increased. On the other hand the shift toward the
higher energy (lower wavelength) that appears in the spectrum
indicates reduction in size of particles. This decrement in
particle size with increasing ablation time can be explained by
the interaction of generated particles from plate with laser light.
As a result of this interaction, the large particles will fragment
and become smaller. The efficiency of fragmentation increases
by increasing the ablation time, therefore the obtained particles
at longer ablation times are smaller.’

Figure 3 represents the electron micrograph and its corre-
sponding size distribution of NPs prepared by this technique.
TEM images showed nonagglomerated as well as scattered
NPs with spherical shape. The spherical-shaped NPs can
be very appropriate for drug loading and most biological
applications, such as antibacterial properties.?!

The calculated average size diameters of Ag-NPs are
about 6.33, 5.18, and 4.84 nm in order for 15, 30, and
45 minutes ablation time. This also confirms the observation
of particle size decrement with respect to the ablation time
(Table 1). The UV-visible spectrum for the sample prepared
at 45 min ablation time didn’t show any specific change in
intensity and spectral width around one month after prepara-
tion, which confirms the stability of the sample.

The mechanism of the role of the virgin coconut oil can
be understood by the interaction between virgin coconut oil
molecules and the particles produced during LA. NPs are
formed during the process of LA through phase transition,
nucleation, and crystal growth of emitted materials from the
target plate. The ablated materials are silver atoms, clusters,
and droplets.?? The NPs formed were adsorbed by the virgin
coconut oil and this adsorbtion can prevent aggregation and
growth of the particles.

The formation efficiency of NPs is related to the
confinement of ablation products. The emitted materials from
the plate are confined by the solvent, in this case virgin coconut
oil. Because of the high density and viscosity of virgin coconut
oil the confining effect of the solvent increased. The generated
plasma which already confined near the plate surface is high
pressured and therefore can etch further the surface to produce
NPs.?2* This process is called secondary ablation® and can
increase the formation efficiency of Ag-NPs. We compared
the formation efficiency of Ag-NPs in virgin coconut oil
with that in grape seed oil of lower density and viscosity. The
preparations of NPs in both of the oils were completed with
10 min ablation time. The density of the Ag-NPs in virgin
coconut oil was 0.055 mg/L whereas that for grape seed oil
was 0.045 mg/L. This means the formation efficiency of NPs
prepared in virgin coconut oil is higher.
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Figure 3 TEM image and typical of statistical graph for Ag-NPs in virgin coconut oil under |15 min (A=-B), 30 min (C-D), and 45 min (E-F) ablation times.
Abbreviations: Ag, silver; NPs, nanoparticles; SD, standard deviation; TEM, transmission electron microscopy.

Table | The particle size of silver nanoparticles and their
corresponding volume fraction in virgin coconut oil

Conclusion
In summary, we presented the synthesis of Ag-NPs in virgin

Samples  Volume Particle Standard deviation coconut oil using a LA technique, which is a simple and green

fraction size (nm) _ for particle size ("m) . thod. The obtained sizes for particle are 4.84, 5.18, and
I min lLoxlo® 633 .93 6.33 nm for 45, 30, and 15 min ablation times, respectively.
30 min 16107 >18 .65 The virgin coconut oil controls the particles size and prevents
45 min 24x10° 484 .09 agglomeration between the ablated NPs. Therefore the
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obtained NPs are stable for quite a long time. The particle size

reduced with increasing ablation time, which is attributed to

more particle fragmentation under longer times.
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