50

Send Orders for Reprints to reprints@benthamscience.ae

Current Nanoscience, 2018, 14, 50-53
RESEARCH ARTICLE

Photofusion and Disaggregation of Silver Nanoparticles Suspended in

NTHAM Ethanol by Laser Irradiation

E
SCIENCE

Gabriel Ortega-Mendoza™, Oscar Goiz®, Alfonso Padilla-Vivanco®, Carina Toxqui-Quitl*, Placido
Zaca-Moran‘ and Fernando Chavez*

“Division de Ingenierias, Universidad Politécnica de Tulancingo, UPT, C.P. 43629, Hidalgo, México; "CIIEMAD,
Instituto Politécnico Nacional, C.P. 07340, Ciudad de México, México; ‘Instituto de Ciencias, Benemérita Universidad
Autonoma de Puebla, BUAP, C.P. 72050, Ecocampus Valsequillo, Puebla, México

Abstract: Background: Metal nanoparticles have been widely investigated due to their unique opti-
cal, mechanical, and chemical properties compared with those of the same bulk material. These
properties can be tuned by controlling their size or shape, in this sense, several nanomaterials have
been obtained by means of both chemical and physical methods. For instance, silver nanoparticles
have been obtained in liquid media by using laser ablation or chemical reduction techniques. Another
way to obtain a colloidal silver nanoparticles is through the well-known pulsed laser irradiation
method which can produce a stable colloidal solution in a few minutes of irradiation and without
stabilizing molecules or ligands.
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Methods: Silver nanopowder suspended in ethanol was irradiated with a pulsed laser at 532 nm via

optical fiber. Previously, the fiber was prepared by cleaving and removing its coating and then placed
in the middle of a cell. The pulse width was 15 ns and the pulse repetition frequency was 10 kHz.
Scanning and transmission electron microscopes were used to observe the silver nanoparticles before
and after laser irradiation, respectively. The samples were analyzed by means of UV-Vis spectropho-
tometer to observe the absorption spectra.
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Results: The absorption spectra show that particle size distribution increases according to the irradia-
tion time. The colloidal solution showed a color change (from gray to yellow) after having irradiated
it for 5 minutes. From TEM images, it can be observed that silver nanopowder was transformed to
semispherical particles with diameters smaller than 1um, however, due to the wide particle size dis-
tribution the colloidal solution was centrifuged for 30 min to separate the nanoparticles.

Conclusion: The pulsed laser irradiation method via optical fiber was successfully used to obtain a
stable yellow colloidal solution. Photomelting, photofusion, and photofragmentation are the respon-
sible phenomena for the change in morphology and size of the silver nanopowder.

Keywords: Photomelting, photofusion, photofragmentation, silver nanoparticles, optical fiber, laser irradiation, colloidal
solution.

1. INTRODUCTION liquids are subject to the Brownian motion. When these
nanoparticles are close enough they undergo both, Van der

Nowadays, metal nanoparticles in colloidal solutions Waals forces and Columbic forces, provoking their agglom-

have been widely researched due to their unique properties
that are dependent on the nanoparticle features, such as com-
position, size, shape, among others [1]. Therefore, it is pos-
sible to change the properties of a colloidal solution by con-
trolling the features of the metal nanoparticles [1-4].

Commonly, silver nanoparticles (AgNPs) in colloidal
solutions are used in catalysis [5], chemical sensing [6, 7],
nonlinear optics [8-10], surface-enhanced Raman spectros-
copy [11, 12], and so forth. Nanoparticles suspended in
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eration and changing the properties of the colloidal solution
[13, 14].

Both laser ablation and chemical reduction in the pres-
ence of stabilizing agents are two successful methods to ob-
tain metal nanoparticles dispersed in solutions but once the
metal nanoparticles are synthesized there is no way to
change neither size nor morphology [15-17]. Hence, it is
possible to change both size and shape of metal nanoparti-
cles by irradiating the colloidal solution with a pulsed light
laser [18-29].

It is known that metal nanoparticles interact with visible
light due to its distinct surface plasmon resonance (SPR),
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therefore, the absorption of light from intense pulsed laser
results in the instantaneous heating of the particle provoking
melting and evaporation from the particle surface, and ex-
plosive fragmentation. These processes give rise to change in
the size and morphology of the nanoparticles [18-20, 26, 29].

The nanoparticles obtained by the laser irradiation
method have a larger particle size distribution. Although is
possible to carry out a certain size control varying the optical
power or changing the number of laser pulses [17, 26, 27].
Furthermore, nowadays there are many methods for selecting
nanoparticles with specific sizes, for instance centrifugation,
size exclusion chromatography, and membrane filtration
[28], among others.

In this paper, we report the well-known irradiation
method to generate a stable colloidal solution [22, 23, 29]
from a mix of silver nanopowder suspended in ethanol (seed
solution) without the use of toxic chemical reduction agents.
In this case, an optical fiber was used to irradiate the seed
solution, which offers better manipulation of the laser beam
since it allows to locate it in the middle of the cell. Due to a
strong absorption of the laser light by the silver nanoparti-
cles, the photomelting process arises. This procedure induces
an enlargement of nanoparticles to semispherical shapes. The
photomelting process starts when the laser energy is greater
than 10 pJ.

2. MATERIALS AND METHODS

A scheme of the experimental setup implemented to gen-
erate a colloidal solution is shown in Fig. (1). A pulsed laser
emitting at A = 532 nm, with a pulse width = 15 ns and oscil-
lation frequency pulses of 10 kHz, was used. For coupling a
free space laser into a multi-mode optical fiber with a core
diameter of 105 um, a fiber port collimator was used.

The optical fiber was prepared by cleaving and removing
its coating before placing it into the seed solution. Previ-
ously, this solution was prepared by mixing 0.3 mg of silver
nanopowder (No. 576832 from Aldrich) with 2 ml of etha-
nol, and later homogenized through an ultrasonic bath for 3
minutes. When the laser is turned on, and its energy is
greater than 10 pJ, a colloidal solution with a characteristic
color is obtained in a few minutes.

Multimode Optical

Seed solution

Pulsed Laser

Fiber Port
Collimator

Fig. (1). Experimental setup to obtain silver colloidal solution.

Fig. (2) shows the morphology of the silver nanopowder
used in this experiment. This image was obtained by a high
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Fig. (2). SEM micrographs of silver nanopowder.

resolution scanning electron microscope JEOL model JSM
7800F. The inset shows that particle sizes are less than 100
nm and they do not determine shapes.

3. RESULTS AND DISCUSSION

Fig. (3a) shows photograph of the solution (AgNPs sus-
pended in ethanol) before and after laser light irradiation,
and their corresponding absorption spectra in Fig. (3b). From
left to right, in Fig. (3a), we can observe the seed solution
(nonirradiated one) and colloidal solutions after irradiation
of the seed solution for 30 seconds, 1, 5, 10 and 40 minutes,
respectively, with a laser energy of 60 wJ. From these photo-
graphs, we can observe a change in the color of the solution
mainly after 30 seconds of irradiation; this color change is
due to the colloidal behavior of the solution. Furthermore, it
is important to comment that nanoparticles of the seed solu-
tion precipitated after a few minutes changing the color of
seed solution from gray to colorless while the yellow color
of the irradiated solution did not change in months.

Fig. (3b) shows the absorption spectra of the samples
described in Fig. (3a). In these spectra, an absorption peak
can be seen after 5 minutes when the seed solution was irra-
diated, it is important to note that the peak amplitude in-
creases according to irradiation time which means that parti-
cle size distribution (PSD) increases. Furthermore, it is im-
portant to observe that the higher the irradiation time, the
higher will be the absorption peaks. This implies that the
concentration of disaggregated nanoparticles is greater. The
full width at half maximum (FWHM) of the absorption peak
determines the AgNPs size distribution; the wider the
FWHM, the broader the PSD [30]. We believe that the
mechanism to produce the colloidal solution is related with a
photochemical reaction where Ag-NPs can trap electrons
from a molecule of the solvent [31].

Fig. (4) shows TEM images (obtained by a JEOL micro-
scope, model JEM-ARM200CF) of AgNPs obtained after
irradiating the seed solution for 40 minutes with a laser en-
ergy of 60 uJ. In Fig. (4a), we can observe that there are
large particles with a smaller size than 1 um. Metal nanopar-
ticles absorb stronger light near the SPR. We irradiated silver
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Fig. (3). a) Photographs of AgNPs suspended in ethanol before
(seed) and after laser light irradiation with an energy of 60 uJ for 30
seconds, 1, 5, 10 and 40 minutes, respectively. b) Absorption spec-
tra of the colloidal solutions.

nanoparticles suspended in ethanol with a pulsed laser (near
to the SPR). Therefore, the AgNPs undergo super heating.
This heating gives raise to coherent acoustic lattice vibra-
tions, melting and evaporating from the particle surface, and
explosive fragmentation [18-21, 26]. Both melting and frag-
mentation processes are responsible for the change morphol-
ogy and size of particles. Furthermore, it can be observed
that there is a wide PSD that is in concordance with the
FWHM of the peaks in the absorption spectra. To separate
nanoparticles from microparticles, the colloidal solution was
placed in a centrifugal machine for 30 minutes with a rota-
tion speed of 300 g. The separated nanoparticles are shown
in Fig. (4b) with nanoparticles size smaller than 100 nm.

In the process to generate the colloidal solution of silver,
many nanoparticles adhere onto the optical fiber end [6],
provoking heating due to strong absorption of photons by
silver nanoparticles, followed by explosive boiling of etha-
nol, and another hydrodynamic effects. Consequently, the tip
of the optical fiber is degraded [32], therefore it is possible to
find silicon together with the silver nanoparticles as shown
in Fig. (5a), and it was confirmed by EDS analysis in Fig.
(5b).

CONCLUSION

By irradiating a silver seed solution with a pulsed laser
via optical fiber, a stable yellow colloidal solution was suc-
cessfully obtained. Photomelting, photofusion and
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Fig. (4). TEM micrographs of AgNPs obtained by: a) irradiating
the seed solution for 40 minutes with a laser energy of 60 nJ and b)
centrifuging the colloidal solution for 30 minutes with a rotation
speed of 300 g.
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Fig. (5). a) AgNPs generated with a laser energy of 60 pJ for 10
minutes. b) EDS analysis.

photofragmentation are the phenomena responsible for the
change in morphology and size of the AgNPs. At the time,
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some selective techniques as centrifugation, size exclusion
chromatography or membrane filtration can be used to sepa-
rate the AgNPs with a specific size. On the other hand, with
this method, it is possible to obtain a colloidal solution with-
out stabilizing molecules or ligands, therefore it can be con-
sidered as a green method.
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