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” Abstract

Complex Non-equilibrium Hydro-Carbon Plasmas (CNHCP) are weakly ionized gases containing electrons, neutral and charged molecular species, large clusters and, possibly,
solid particles. They are nowadays a major tool for the elaboration of advanced carbon materials and nanostructures and several key-applications — drugs sensors, electronic
devices, optoelectronics, energy storage, etc. Reactive Molecular Dynamics (MD) is used to study the homogeneous phase by placing all neutral species in a box to determine

\the distribution in the carbon clusters, the evolution of each species with time, and the bonding order between carbon atoms.
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Computational details

AMMPS is used for molecular dynamics simulation
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Interaction potential
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Consists in solving Newton's equations of motion for a set of N
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B The details of the construction of the simulation box can be o =3
'Il;emperature 7300(;K H, o= ki atoms, molecules, particles, etc. : m; — e Zlil ij = —Ziij VVi
ressure a :
A, o2 * The interaction potentials V.. must be known with sufficient accuracy:
Vrf 100V C,H, 0.09 B the number of each species in the tab ij :
Frequency 1356 MHz  C,H 0.05 For our problem, it is necessary to consider the reactivity
Probability of secondary electrons 0.01 ng"'z 8-82 = the interactions between the atoms of our molecules were modeled
% Argon 96 ; ' 1440 Sl by the REBO (Reactive Empirical Bond Order) potential
% Methane 4 I—I CH4 630
o < S o na ° Uj; = U(R;;) = U.(R;j) — bijUs(R;)
AP IR D =254 cm ' 2 o
The initial Ar/CH4 plasma composition
/CH4 p P C,H, 122 |
is determined using a 1D plasma model CH, 104
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® The species CH,, C,H,, C,H,, are the most present. New species are formed such as cyclic hydrocarbons (in very small amounts)
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Evolution of the initial neutral species as a function of time
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® The H, is almost constant, the C,H has reacted completely.
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® The presence of CH; decreases with time. The other molecules

C,H,, CH, and C,H4, There is no noticeable variation except for

the drop to 1ns corresponding to the first reactions.
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Radial Distribution Function of C-C
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B The determination of the percentage of bond order

B The radial distribution function g(r) describes the

between pairs of carbon atoms is determined by the

Radial
approximation.

probability to find a particle (an atom or molecule) j at

Distribution

Function  (RDF)

a distance r from another particle i.

g(ry) =

N;i.N;

(2, ity 86 = llryh)

integral

Carbon cluster distribution function
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B Formation of new carbon clusters at long

simulation time
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B Examples of
hydrocarbon clusters

formed

/~ Conclusions

perceptible variation of C,H,, CH,, C,H,

B Formation of new carbon clusters in the gas phase at long simulation time

B The mass spectrum allowed to identify the molecules in strong presence (CH,,C,H,), When the temperature increases, other species are formed.

\l Increasing the temperature, increases the stability of the double bond order between pairs of carbon atoms up to 500K before dropping to 1000K.

B The evolution of the initial species as a function of time highlighted the very weak variation of H,, the complete reaction of C,H, the decrease of CH; and the there is no well
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