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Synopsis 

Capacitively coupled radio frequency (CCRF) plasmas of He+C2H2 have been used to induce 

volume formation of carbonaceous nanoparticles as analogs of interstellar (IS) dust in a process 

expected to be close to the actual conditions of IS dust formation. We have studied the time 

evolution of dust aggregation in the discharge and have characterized both the gas phase and 

the dust with various diagnostic techniques. 

 
Introduction 

 
Carbonaceous compounds are found in very diverse astronomical media [1] and a significant 

amount consists of small dust grains. This dust originates characteristic IR absorption bands 

revealing the presence of aliphatic and aromatic functional groups in variable proportions [2,3]. 

Among the various materials investigated as possible carriers of these bands, hydrogenated 

amorphous carbon (a-C:H) led to the best agreement with observations [2,4], although the exact 

composition and structure are still not clear and under intensive investigation. 

 
In previous studies we used inductively coupled radio frequency (ICRF) discharges to deposit a- 

C:H films. In this work we have used CCRF plasmas of He+C2H2 to induce volume formation of 

carbonaceous nanoparticles as analogs of IS dust in a process expected to be closer to the 

actual conditions of IS dust formation. We have studied the time evolution of dust aggregation in 

the discharge using quadrupole mass spectrometry, optical emission spectroscopy and laser 

light scattering recorded with a charged coupled device (CCD) camera. Additionally, the dust 

produced in the plasma has been collected and analyzed ex-situ with infrared (IR) 

spectroscopy. We also intend to analyze these particles with surface techniques. 

 
Results and Discussion 

Dust is typically formed in cycles of about 15 min. During these cycles a variation of the 

concentration and size of the particles in the discharge can be observed. In the beginning dust 

appears as a haze of very small particles, and then the particles increase steadily in  size and 

concentration and reach a maximum around 6-8 minutes after the ignition of the plasma. At this 

time, a noticeable amount of the particles have grown to macroscopic size. After this point, 

voids develop in the midst of the particle distribution and they grow until no particles are left. 

The diagnostic techniques show that acetylene drops significantly at the start of the discharge 

and remains stable throughout the cycle. Hydrogen grows immediately after discharge ignition 

and then its concentration decreases quickly and remains low afterwards. The concentration of 

atomic carbon is related to the evolution of dust particles. It reaches a minimum for maximum 

particle concentration. 

The dust particles formed in the plasma are collected on suitable substrates and taken to a 

Fourier Transform Infrared Spectrometer where they are analyzed. Figure 1 shows a typical IR 

spectrum of the dust. The characteristic CHx stretch band at 2900 cm–1 (3.4 μm) is clearly 

visible. This band is also observed toward many sources in the diffuse interstellar medium even 

outside our galaxy. Bending modes of CHx appear also as weak absorptions at about 1455 and 

1375 cm–1 emerging from a broad unresolved feature including many modes both aromatic and 

aliphatic. 
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Figure 1 – Typical IR spectrum of the carbonaceous dust generated in the CCRF He+C2H2 discharges. The main contributions to 
each feature are indicated in black (aliphatic modes), blue (aromatic modes), green (modes involving triple bonds) and red 

(modes involving oxygen atoms). 

 
Two prominent peaks stand out in the spectrum, one at 3340 cm–1 (very broad) and a 

pronounced maximum at 1670 cm–1. These peaks correspond most probably to OH and CO 

stretching vibrations respectively and are due to oxygen contamination from the background 

gas in the chamber. The two bands are very strong and can dominate the spectrum even for 

very small oxygen amounts. This is a problem commonly found in solids produced in RF 

discharges [4] that we are trying to address at present. 

 
Conclusions 

 
The aggregation and evolution of carbonaceous nanoparticles formed in the gas phase of 

CCRF discharges can be followed using various diagnostic techniques. The production and 

destruction of different species can be monitored along the particle generation cycle. The IR 

spectra of the dust particles exhibit some of the main features also found in astronomical 

observations of IS dust. 

 
Acknowledgements 

 
This work has been funded by the MINECO of Spain under grant FIS2016-77726-C3-1-P, and by 

the European Project ERC-2013-SyG, grant 610256 “NANOCOSMOS”. 

 
References 

[1] A. G. G. M. Tielens, The molecular universe, Reviews of Modern Physics, 85 (2013) 1021. 

[2] E. Dartois, T. R. Geballe, T. Pino, A. T. Cao, A. Jones, D. Deboffle, V. Guerrini, P. 

Brechignac and L. d'Hendecourt, IRAS 08572+3915: constraining the aromatic versus 

aliphatic content of interstellar HACs, Astronomy & Astrophysics, 463 (2007) 635. 

[3] J. E. Chiar, A. G. G. M. Tielens, A. J. Adamson and A. Ricca, The Structure, Origin, and 

Evolution of Interstellar Hydrocarbon Grains, Astrophysical Journal, 770 (2013) 78. 

[4] E. Kovačević, I. Stefanović, J. Berndt, Y. J. Pendleton and J. Winter, A Candidate Analog 

for Carbonaceous Interstellar Dust: Formation by Reactive Plasma Polymerization, The 

Astrophysical Journal, 623 (2005) 242. 

 CO 

 OH  CH 

 

C=C 

 CH 
x 

x 

 CH 

 

CC 

A
b
so

rb
a
n
c
e
 


