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      The fundamental emission of a Nd:YAG laser (1064 nm), with an energy 0.1 J/pulse and a repetition 
rate of 10 Hz was employed to synthesize silver nanoparticles by ablation method confined in methanol 
and ethanol. The experimental setup allows synthesizing materials immersed in flammable solvents using 
an Argon atmosphere to prevent combustion, making the process safer when high fluence and high 
repetition rates of laser pulses are used. Transmission electron micrographs were taken for methanol and 
ethanol samples. The analysis of the methanol sample the day of synthesis and one month later, show that 
nanoparticles obtained were more dispersed, corresponding to better suspension stability. On the contrary, 
the images of nanoparticles in ethanol show a strong agglomeration, resulting in a fast sedimentation and 
less stability. 
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1.  Introduction 
    At nanometric scales, silver particles exhibit 
very interesting optical and electronic properties 
that make them suitable for a large range of 
applications going from bactericidal agent, 
biological sensor, to catalysis [1-5] or optical 
data storage [6]. One of the main characteristics 
of silver nanoparticles is an absorption peak 
around 400 nm, which is extensively related to 
the superficial plasmon resonance, where the 
peak position depends on the refractive index of 
the medium and the particle size [7]. 
Additionally, in case of having a dielectric 
shield, the peak position would also depend on 
the shell thickness and its dielectric constant [8], 
features explained by Mie theory for the case of 
spherical particles [9].   
     While chemical reduction of metal salts is a 
common approach used to synthesize metallic 
nanoparticles, laser ablation was used 
effectively as an alternative method of synthesis 
[1,10], consisting in the ablation of a target 
immersed in a liquid medium by means of a 
high power laser. The material generated is 
plasma containing electrons, ions and atoms 
from the target, confined by the medium high 
density. In this condition, electronic 

recombination occurs by rapid cooling causing 
the ions change to a neutral state favoring the 
formation of nanoparticles. In comparison to 
chemical reduction method, laser ablation 
allows a faster production of nanoparticles 
without the use of reagents that may 
contaminate their surface [11]. 
     Synthesis of nanoparticles for a specific 
application requires considering stable 
suspension for a relative long period of time. To 
improve stability using laser ablation confined 
in a liquid medium, some studies propose the 
use of aqueous solutions of surfactants or 
polymers, but these additives can reduce the 
purity of the nanoparticles surface [12]. 
However, pure liquids such as distilled water, 
acetone, isopropyl alcohol, have been 
considered to favor the stability period without 
additional reagents [11,13,14]. This 
improvement in stability has been explained by 
the electric dipole moment and liquid viscosity 
[13]. 
     Un like propanol, if methanol and ethanol 
are used for the synthesis, the agglomeration of 
nanoparticles and subsequent sedimentation 
occurs shortly [11, 13, 15], with the drawback 
that these solvents decrease the transparency 
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percentage with near-infrared light and are 
flammable. Certainly this can cause a fire, 
especially if in the experiment the 1064 nm 
emission of the Nd:YAG laser is focused from 
the top of the vessel while the liquid remains 
exposed to the environment. To cope with this 
problem, this work shows an experimental 
configuration that uses an Argon gas 
environment in the synthesis for laser ablation 
confined in methanol and ethanol, allowing to 
investigate the suspension stability of the silver 
nanoparticles produced in both solvents with 
this environment, and settling much safer 
operation conditions during the ablation process, 
especially when high fluence and fast ablation 
rate is performed. 
 
2. Experimental 
    Figure 1 shows a scheme of the experimental 
setup used in nanoparticles preparation where 
top incidence is selected. This configuration 
uses the fundamental emission (λ = 1064 nm) of 
a Nd:YAG pulsed laser, with an energy of 0.1 
J/pulse and a repetition rate of 10 Hz. Each 
synthesis takes an irradiation time of 10 minutes, 
adjusting the laser pulse diameter to a 1 mm by 
means of a lens with 20 cm focal length. We 
employed a silver coin of 99.99 % purity as a 
target, cleaned with distilled water and ethanol 
to remove impurities. In addition, during the 
interaction with the laser, the target was kept in 
rotation with continuous movement controlled 
via software to reduce damage on the target 
surface. During synthesis the target was 
immersed in 12 ml methanol or ethanol with 
99.8% and 99.5% purity, respectively. A plastic 
cover is used to avoid the splashing to the 
surroundings outside of the vessel. At the same 
time, this cover allows to inject a flux of high 
purity Argon gas (99.997%), with the aim of 
purging Oxygen from the vessel in order to 
prevent combustion ignition. The improvements 
in the experimental design has several 
advantages: first, the experiments can be run 
under more stable and safer conditions, since 
there is no possibility of combustion; and 
second, this configuration can be used in a more 
continuous or even industrial operation where 
higher laser energies and faster production rates 
are needed. 
     For the analysis, UV-Vis absorption spectra 
were obtained with a Perkin-Elmer 330 
spectrophotometer. Silver nanoparticles were 
prepared on nickel grids for observation by 
Transmission Electronic Microscopy using a 
JEOLJEM-2010 and JEOLJEM-2100F with 
acceleration voltages of 150 kV and 200 kV, 
respectively. 

 

 

 

Fig. 1 Experimental configuration employed for the 
synthesis of silver nanoparticles by laser ablation 

confined in a liquid medium. 
 
3. Results and discussion  
    First tests were performed in order to probe 
the instrumental setup. Effectively, without the 
introduction of Argon atmosphere combustion 
ignited most of the times. When Argon gas was 
injected to the vessel there was no combustion, 
even for higher values of laser energies and 
higher repetition rates. Once experimental 
conditions were established, synthesis begun, 
keeping the samples to room temperature. Little 
sediment was observed in the silver 
nanoparticles synthesized in methanol, showing 
a pale yellow color 1 month later. But in ethanol 
the nanoparticles settled in less than 24 hours 
showing a colorless liquid. 
     Figure 2 presents the histograms of size 
distributions of synthesized nanoparticles and 
the corresponding TEM images as insets. The 
number of particles used in these distributions 
was 177 and 232 particles for methanol and 
ethanol, respectively. Size distribution 
histograms were fitted with Lorentzian curves; 
one Lorentzian for the case of methanol and two 
for the case of ethanol. In the case of ethanol, 
the higher peak corresponds to nanoparticles 
with smaller sizes (centered around 14 nm), 
while the center of the second peak is about the 
double (at 30 nm).  
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Fig. 2 Size distributions of silver nanoparticles 
prepared in methanol (up) and ethanol (down). And 
the respective transmission electron images are 
shown as insets. 
 

    The central position of each peak as well as 
their standard deviation is shown at the top of 
the same figure. Notice that in methanol the 
mode is larger than in ethanol and, at the same 
time, the nanoparticles prepared in methanol 
turned out to be dispersed (also shown in Figure 
3). This can explain why there was no sediment 
observed in this sample, since it favored the 
stability of the nanoparticles in suspension with 
the environment. Whereas, in the TEM images 
obtained for nanoparticles synthesized in 
ethanol it is observed that the opposite 
happened, groups of aggregated nanoparticles 
were observed, explaining the rapid 
sedimentation; probably due to the ease of 
aggregation, the nanoparticles reached a critical 
mass to sediment. 

    It is important to remark that results obtained 
for nanoparticles synthesized in ethanol are 
consistent with results reported in the literature 
[11, 14, 15], since they show images of 
aggregate silver nanoparticles and mention that 
in this solvent there was rapid sedimentation 
(about 48 hours). Nevertheless, in the case of 
methanol the results do not correspond to those 
previously reported in the literature, in which 
suspension inestability of nanoparticles 
synthesized in methanol behaves in the same 
way to  

 

Fig. 3 Transmission electron micrographs with a 
higher magnification for nanoparticles obtained in 
methanol (upper micrographs) and ethanol (lower 
micrographs  
 

those in ethanol. For example, similar 
experiments were reported in [11] and [16] were 
Ar gas is not used in the synthesis and, the main 
results show that silver nanoparticles produced 
with Nd:YAG pulsed laser with emission of 532 
nm and the fundamental emission of 1064 nm 
exhibits the same  instability suspension for 
ethanol and methanol. Effectively, Figure 4 
recalls those results and clearly shows the 
agglomeration of nanoparticles leads to a same 
degree of sedimentation in both solvents. 

    By using the instrumental setup proposed in 
this work, silver nanoparticles synthesis in 
methanol exhibit more dispersion, resulting in 
better suspension stability. This difference in 
stability, with respect to other works, could be 
influenced by the injection of Argon gas, which 
in the beginning was used to prevent ignition of 
these flammable solvents. A possible 
explanation is that methanol admitted a larger 
quantity of argon ions, increasing the collision 
on groups of agglomerated nanoparticles, 
causing a major dispersion between them. This 
hypothesis arises from the fact that methanol 
and ethanol have different molecular number 
density, so that in methanol should cross a 
major quantity of argon ions, as can be showed 
in this relation n =ρ /M    [#molecules / cm3], 
where n, ρ and M are the molecular number 
density, mass density and molecular mass of the 
molecules. Taking into account the values of ρ 
and M shown in Table, it is possible to write the 
ratio of numeric densities, such that nethanol / 
nmethanol = 1.4;  which tells us that methanol has 
the smallest numerical density of molecules, 
being probable that this influenced a major 
argon ion collision of nanoparticle clusters. But 
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to prove this hypothesis a more thorough 
investigation with other inert gases or different 
pressure levels of argon gas must be performed; 
certainly this is out of the scope of this work 
and is going to be the subject of a future 
research. 

 

Fig. 4 (Left) Transmission electron micrographs  
nanoparticles obtained by laser emission at 532 nm 
[11]. (Right)  micrographs of  nanoparticles obtained  
by the fundamental emission [16].    

   
  Table 1 Mass density and molecular mass of 
methanol and ethanol 
 

Solvent ρ (g/cm3) M (g/mol)

   

Methanol 0.79 32.04 
   

Ethanol 0.78 46.07 
   

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5  High-resolution image of a nanoparticle 
obtained in methanol. A small area is shown as inset 
 
 

    High-resolution image of a single 
nanoparticle obtained in Methanol is shown in 
Figure 4, which exhibits an ordered atomic 
arrangement, indicating crystalline nature of 
these nanoparticles. 

    UV-Vis absorption spectra of nanoparticles 
obtained with the two solvents are shown in 
Figure 5. Both spectra present an absorption 
peak around 400 nm, which is due to the surface 
plasmon resonance in silver. Nevertheless, the 
spectra profile is different, because the 
nanoparticles suspended in methanol show a 
well-defined peak, which in accordance with the 
Mie theory belongs to nanoparticles with 
spherical geometry. Regarding the geometry, 
there is some correlation with the images of 
nanoparticles synthesized in this solvent (see 
Figure 3) because nanoparticles exhibit quasi-
spherical shapes. In ethanol, the peak is broader, 
such that the spectrum seems to be a 
superposition of two peaks. To this purpose, this 
absorption spectrum was fitted with two 
gaussian curves, the first peak (395 nm) having 
more intensity than the second  one (536 nm), as 
can be seen in the figure. It is possible that 
agglomeration of a few nanoparticles gave this 
extended shape, taking into account the discrete 
dipole approximation (DDA), which also states 
that optical response depends on the shape of  
nanoparticles; where in this case a plasmon 
longitudinal mode contributed to light 
absorption in longer wavelengths [17].   Liao et 
al. reported [18] a similar result for a sample of 
gold nanoparticles in ethanol prepared by 
reduction of metallic salts, showing images of 
particle clusters and a broader absorption peak 
of appearance similar to those obtained in this 
work. Such agglomeration is explained with the 
dipole-dipole interaction model, which is 
favored by the charge differences in the surface 
of nanoparticles. Furthermore, the generalized 
Mie theory for linear chains of spherical 
nanoparticles presented the synthetic spectra of 
the extinction efficiency with a similar 
appearance, using silver refractive index [19]. 
Particularly, in the models the extinction 
efficiency is important by the correspondence 
they have with the absorbance, being useful to 
acquire better knowledge of the use of light to 
characterize nanomateriales. 
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Fig. 6 UV-Vis absorbance spectra for nanoparticles 
prepared in methanol (up) and ethanol (down). 
 

     Figure 7 compares the size distribution of the 
nanoparticles obtained in methanol the day of 
the synthesis and after one month. Considering 
229 particles after one month of the synthesis, 
the statistic shows narrower size distribution 
(from 5 to 44 nm). In this case, the size 
distribution consist of two peaks where the first 
is smaller (13 nm) than the day of the synthesis  
(26 nm), but it is important to point out that in 
both images the nanoparticles appear dispersed, 
suggesting that in this solvent, certain amount of 
nanoparticles were suspended during this period, 
where little sediment was observed. 

 
4. Conclusions  
    The experimental setup used in this work is 
important because Argon atmosphere helps 
preventing the combustion of the solvent in the 
present of oxygen. This setup is useful for the 
cases where the confining solutions favor the 
reactivity with oxygen, and when high fluence 
and fast repetition laser pulses are needed. 
 
 

 
Fig. 7 Size distribution of silver nanoparticles 
prepared in methanol the day of synthesis (up) and 
after one month (down). Respective transmission 
electron images are shown as insets. 
 
 
     According to the results, the use of argon gas 
in laser ablation experiments confined in 
alcohols had an effect on the stability of the 
silver nanoparticles, mainly those prepared in 
methanol. The images of nanoparticles obtained 
in ethanol show strong agglomeration, leading 
to lower suspension stability; in accordance 
with the literature. On the contrary, 
nanoparticles synthesized in methanol were well 
dispersed, as shown in micrographs for the day 
of the synthesis and after one month.  
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