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Carbonaceous compounds, both solids and gas-phase molecules, are found in very diverse astronomical media [1]. A significant amount of the elemental
carbon is found in small dust grains. This carbonaceous dust, mostly formed in the last stages of evolution of C-rich stars, is the carrier of characteristic IR
absorption bands revealing the presence of aliphatic, aromatic and olefinic functional groups in variable proportions [2]. Among the various candidate
materials investigated as possible carriers of these bands, hydrogenated amorphous carbon (a-C:H) has led to the best agreement with the observations.

Carbonaceous grains are processed by H atoms, UV radiation, cosmic rays and interstellar shocks in their passage from asymptotic giant branch stars to
planetary nebulae and to the diffuse interstellar medium. The mechanisms of a-C:H production and evolution in astronomical media are presently a subject of
intensive investigation.

In this work we present a study of the stability of carbonaceous dust analogues generated in He+CH4 radiofrequency discharges. In order to simulate the
processing of dust in the interstellar environments, the samples have been subjected to electron bombardment, UV irradiation, and both He and H2 plasma
processing. IR spectroscopy is employed to monitor the changes in the structure and composition of the carbonaceous films.
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Structure of the dust analoguesCarbonaceous dust generation

Fig. 1 RF plasma reactor

RF discharges (40 W, 13.56 MHz) of mixtures of 40% CH4 and 60% He at 0.3
mbar, with residence times of ~ 3 s, are carried out in an inductively coupled RF
plasma reactor.

Substrates are placed in two different positions: 5 cm outside and inside the
coil, to obtain different kinds of deposits (a-C:H1 and a-C:H2 respectively).

IR spectra of the different
deposits is employed to get
information about the composition
of the samples. Different features
are observed in a-C:H1 and a-
C:H2 spectra.

A synthetic spectrum is generated
in order to obtain the intensities
of the different bands associated
with CHx and CC groups.

The H, C(sp2) and C(sp3) content
of the samples are calculated from
the synthetic spectra and plotted
in a ternary diagram (Fig. 5). A
higher C(sp2) fraction is found in
a-C:H2 deposits.

Fig. 2 Carbonaceous deposits grown outside
(left) and inside (right) the coil

a-C:H1 a-C:H2

Fig. 3 IR Spectra for a-C:H1 and a-C:H2

Fig. 5 Ternary diagram showing
a-C:H1 and a-C:H2

Electron and UV processing

Plasma processing

Fig. 4 Experimental and synthetic
spectra for a-C:H1

He and H2 discharges, at 0.3
mbar and 40 W, are used to
process the samples. Similar
results are obtained for both
gases, with CHx bands
pronouncedly decreasing
with processing while CC
bands remain mainly
unaffected.

Summary & conclusions

• Position of the substrate in the RF discharge reactor during the deposition has a 
major effect in the structure of the carbonaceous deposits.

• Electron bombardment with high fluxes causes the film to be eroded layer by 
layer, without modifying the structure and composition. However, preliminary 
results with lower electron fluxes show a decrease in the aliphatic component
and an increase in the aromatic bands.

• UV irradiation and plasma processing produce a dehydrogenation of the 
carbonaceous deposits, and a decrease in the amount of sp3 bonds. The gas 
used for the plasma processing, He or H2, does not seem to impact the result.

Fig. 8 IR spectrum evolution in H2
plasma processing of a-C:H2

Fig. 6 a-C:H1 processed with UV photons

Fig. 7 a-C:H1 processed with 2 keV electrons

UV photons (λ ~ 165 nm, with a flux
of 4×1014 photons cm-2 s-1) change
the structure of the carbonaceous
deposit, producing a dehydrogenation
of the carbon structure. Aliphatic
bands decrease, and a slight increase
can be observed in the aromatic
region of the spectrum, although its
relevance is still unclear.

High electron fluxes (2.66×1014

electrons cm-2 s-1) erode the films
layer by layer, leaving the
composition of the hydrocarbons
unchanged [3].

Preliminary results with a much lower
electron flux (8×1011 electrons cm-2

s-1) show a decrease in the aliphatic
component and an increase in the
aromatic bands, shown in Fig. 7.

3200 3000 2800 1600 1400

0.00

0.01

0.02

0.03

0.04

0.05
 

 

ab
so

rb
an

ce

wavenumber (cm-1)

 Initial
 UV processed

3200 3000 2800 1600 1400

0.000

0.004

0.008

0.012

 Initial
 e- processed

 

 

ab
so

rb
an

ce

wavenumber (cm-1) 3200 3000 2800 1600 1400

0.00

0.01

0.02

0.03

0.04  t=0 min
 t=6 min
 t=10 min

 

 

ab
so

rb
an

ce

wavenumber (cm-1)

3200 3000 2800 1600 1400

 Experimental
 Synthetic

wavenumber (cm-1) 

0.0

0.1

0.2

0.3

0.4

 

 

ab
so

rb
an

ce

3200 2800 2400 2000 1600 1200
0.0

0.1

0.2

0.3

0.4

0.5

0.6 Aromatics

Aliphatics

7.2 μm
CH

3

CH
2

CH
3

3.4 μm

CH
x
 bend

 a-C:H1
 a-C:H2 (x5)

 

ab
so

rb
an

ce

wavenumber (cm-1)

CH stretch

C=C stretch
6.2 μm

6.9 μm


