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Abstract

		The work investigates the effects of gases dissolved in water on the processes occurring
during the laser breakdown of colloidal solutions of Cu nanoparticles. The dynamics of the
dependences of the plasma luminosity and acoustic signals on the concentration of
nanoparticles under irradiation of colloids of nanoparticles saturated with air, argon, and
molecular hydrogen has been studied.

Experimental setup:
A schematic view of the experimental setup is shown in Figure 1:
(1) Nd:YAG laser (λ=1064 nm, f = 10 kHz, τ = 10 ns, Pulse energy 2 mJ, fluence – 140 J/cm2)
(2) Galvanometric scanner system
(3) Laser radiation
(4) Glass cuvette filled with Cu NPs colloid
(5) PVDF membrane connected with digital oscilloscope
(6)Amperometic hydrogen and oxygen sensors for H2 and O2 measurements
(7) Digital oscilloscope
(8) Digital camera
(9) Gases supply system

Figure 1. Scheme of the experimental setup

Results and Discussion

In order to evaluate the effect of gases dissolved in water on the dynamics of optical breakdown propagation, the
acoustic signals of shock waves [1] and the plasma flashes [2] were investigated (Fig.2 A and B).
Current research shows (Fig.3 and Fig .4) that the process of plasma formation and the form of acoustic signals
forming during optical breakdown of colloids of Cu nanoparticles both are influenced by gases dissolved in
liquid. It is shown that at low concentration of nanoparticles (105 - 107 NPs/ml) the presence of argon or molecular
hydrogen in the colloid leads to an increase in the overall plasma brightness and intensification of acoustic signals
in comparison with solutions saturated with atmospheric gases.
At the concentrations from 109 to 1010 NPs/ml colloids with dissolved argon and molecular hydrogen also
demonstrate an increase in plasma brightness and acoustics compared to air, except that now colloids with
molecular hydrogen demonstrate the highest values of the studied parameters. With a further increase in
concentration to 1011 NPs/ml, a general tendency is observed in all samples, characterized by a sharp decrease in
plasma luminosity and the intensity of acoustic signals.
Formation of a breakdown plasma in gases is directly related to the concentration of electrons capable of
participating in the electron avalanche [3]. In the case of optical breakdown in liquids, one should take into account
the influence of the environment on the development of an electron avalanche.
In the case of air, a certain concentration of oxygen molecules is present in a colloidal solution, which is a
strong oxidizing agent and an electron acceptor. Oxygen molecules can inhibit the development of an avalanche of
electrons by capturing electrons and forming a superoxide anion radical.
In the case hydrogen molecules, they possessing a reduction potential in this case and are a source of additional
electrons, thus contributing to the development of an electron avalanche. That is why, during theoptical breakdown
of colloidal solutions saturated with hydrogen, the highest values of both the plasma luminosity and the acoustics
signals.

Figure 2. (A) Acoustic spectrum and (B) image of laser breakdown plasma
upon irradiation of colloidal solution of Cu NPs saturated with hydrogen
(n =1010 NPs/ml). The parameters measured in experiments are shown
schematically in the figure.
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Figure 3. Influence of dissolved gases on the characteristics of acoustic signals during the optical
breakdown of colloids with various concentration of Cu NPs:
(A) Dependence of the area under the acoustic signal, (B) Half-width (C) Amplitude and (D)
Integral area of the acoustic signals.

Figure 4. Influence of dissolved gases on the characteristics of plasma luminescence during the
optical breakdown of colloids with various concentration of Cu NPs:
(A) Number of breakdowns (B) Average distance between breakdowns (C) Intensity of an
individual breakdown, and (D) Total plasma flash intensity.

Conclusions:
• The presence of various gases in a colloidal solution leads to a significant change in the acoustics and luminescence parameters of the optical breakdown.
• Molecular hydrogen has the strongest effect on acoustics and plasma luminescence, especially at high concentrations of nanoparticles (109-1011 NPs/ml).
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