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On the formation of carbon nanoparticles in expanding laser-induced
plasma

A. Kaczmarek ', J. Hoffman !
! Department of Experimental Mechanics, Institute of Fundamental Technological Research Polish
Academy of Sciences, Warsaw, Poland
" akaczmar@ippt.pan.pl

Abstract:

Nowadays, there are numerous works devoted to
characterizing the properties of carbon nanopar-
ticles obtained by laser ablation in various media,
e.g. in liquid [1]. Therefore, it is possible to opti-
mize and control the size of particles, their opti-
cal and morphological properties and link them
with synthesis parameters, such as the kind of lig-
uid medium or laser fluence. However, the de-
scription of primary formation processes of car-
bon nanoparticles after laser ablation in vacuum,
gas or liquid remains incomplete [2].

There have been several attempts to describe the
formation of carbon nanoparticles. One of them
[3] considered the entire lifecycle of carbon abla-
tion plasma. According to this study, nanoparti-
cles are formed as a result of the ejection of frag-
ments of the target (graphite). Another possibility
is ejection of liquid droplets as an effect of so
called phase explosion and explosive boiling [4].
Other studies postulate that nanoparticles are
formed during plasma-phase expansion [2, 5] and
that this process can be divided into two two main
phases: (1) nucleation and (2) growth and crys-
tallization.

The aim of this work is to analyze possible nu-
cleation and growth paths of particles in carbon
plasma. The consideration of nucleation type is

based on the following equation:
3

AG = — X 0 S + dmr?
=3y n mr2y,

where AG is Gibbs free energy, r nucleus size, V'
volume occupied by the single atom or molecule
in nucleus, 7 is temperature, .S supersaturation ra-
tio and y surface tension [2].

Further modifications to the above equation are
made to account for ion nucleation. It has been
found that in the case of carbon plasma the purely
thermodynamic approach of continuous media is
insufficient. It is necessary to include in the con-
siderations various kinds of carbon macromole-
cules.

Moreover, the discussion of the conditions for the
formation of particles solely from the expanding
plasma and the avoidance of their ejection from
the target is presented.

Keywords: nanoparticles, carbon dots, laser ab-
lation, nucleation, ion-induced nucleation.
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