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Abstract. Carbonaceous cosmic dust is observed through infrared spectroscopy either in ab-
sorption or in emission and the details of the spectral features are believed to shed some light
on its structure and finally enable the study of its life cycle. Other spectral domains also contain
some information, as does the UV bump at 217 nm. In order to progress on the understanding
of these spectral features, many laboratory works are devoted to the production and character-
ization of laboratory analogues. Generally several analytical tools are used in combination to
better analyse the intimate structure of the analogues and the influence of the nanostructuration
on the spectral properties. In this proceeding We will focus on the elaboration of new spectral
parameters that enables the nanostructuration of the carriers of the AIBs to be traced.
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1. Introduction

Carbonaceous materials are observed in many objects in space (Henning & Salama
1998, Ehrenfreund & Charnley 2000) through their specific spectral features. Some are
found in the visible to UV range (Désert et al. 1990, Draine 2003, Zubko et al. 2004),
but most of the spectral information is obtained in the infrared range of wavelength. In
particular, the aromatic infrared bands (AIBs) (Gillett et al. 1973) trace carbonaceous
particles whose inferred size vary from large molecules, the polycyclic aromatic hydro-
carbons (PAHs), to nanoparticles of a few nanometers (Léger & Puget 1984, Crawford
et al. 1985, Tielens 2008). Three main classes A, B and C of astrophysical spectra have
been proposed based on the observed spectral characteristics in the 6 to 9 pm wavelength
region (Peeters et al. 2002). If the band positions, in most sources, are clearly attributed
to aromatic materials (Goto et al. 2007), however, the exact nature of the emitters still
escape. In the case of the class A emitters, the carbonaceous species emit through their
vibrational bands thanks to the stochastic heating mechanism (Puget & Léger 1989, Al-
lamandola et al. 1989, Draine & Li 2001). In the other cases, thermal emission may occur,
particularly for the class C objects. In order to study these materials, many laboratory
astrophysics works are perfomed on various analogues. At Orsay (France), we focus on
the polyaromatic carbons with a special emphasize on the soot-like nanoparticles. Such
materials provide interesting laboratory analogues of cosmic dust. The soot samples are
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produced using a low-pressure flame, flat and premixed. The nanostructural characteri-
sation and their spectral signatures through the positions of infrared bands are described
and shown to provide a spectral index of the shape of the polyaromatic units. The astro-
physical implications of such index are thus discussed. The detailed analysis is reported
elsewhere (Carpentier et al. 2012).

2. A spectral index for the shape of the polyaromatic units

Only spectroscopic parameters extracted from the infrared bands can be used to de-
cipher the intimate structure of the carriers of the AIBs. Using our soot, we explore
the details of the variations of the infrared bands combining Raman spectroscopy and
HRTEM images (not shown here) in order to link the spectral features to specific struc-
tural properties of the polyaromatic units within the soot. We have recently shown that
the 6.2 pm band position traces the intimate cross-linkage of the polyaromatic units com-
posing the soot (Pino et al. 2008). Such evolution is accompanied by an evolution of the
band at about 8 pm. The correlation between the 6.2 and 8 pm band is shown in Fig. 10
in Carpentier et al. 2012. We tentatively attribute this band to defect-like modes of the
polyaromatic units. The defects are located either at the edge and cross-linking the units
together, or within the unit and shaping the unit away from planarity. Such nanostruc-
tural characteristics are, in combustion processes, related to the growth mechanism of
the soot (D’Anna 2009). Similarly, different interstellar emitters could have experienced
different formation pathways.

In most analysis, the spectral parameters are used to build an aromatization index
when dealing with polyaromatic materials. It is necessary because most of the properties
are determined by the size of the polyaromatic units and the sp? to sp® carbon ratio,
and the aromatic index increases with both. However, in the present soot samples, size

Figure 1. Jan Cami giving a talk on interstellar fullerenes.
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variation is not important. In addition, the mean size is always below 2 nm and precludes
the use of any reliable index, whatever the experimental methods. For such polyaromatic
samples, it is more important to consider the shapes of the polyaromatic units which are
found from the study of their nanostructuration. It appears that the 8 um band position
is a good tracer of the defects that build curvature and tortuosity for the polyaromatic
units. The correlation of its position with that of the 6.2 pm band shows that the latter
band position is also strongly influenced by these defects. Thus the positions of the two
bands can be seen as a (nano)structural index.

3. Conclusions

Thanks to soot analogues of the cosmic dust, the meaning of the spectral characteristics
of these AIBs, classified from A to C, can be deeply studied in the laboratory. The role
of the defects in the carbonaceous particles appears to be at the core of the variations
of the spectral features, in particular those related to the aromatic carbon skeleton: the
band at about 6.2 pym and the band at about 8 pum. Their positions are sensitive to
the (nano)structuration. Progress on the understanding of the nanostructuration of the
emitters will be essential to decipher the growth and lifecycle of this component of the
interstellar medium, as proposed in Carpentier et al. 2012.
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