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Figure 1 (Color online) Ultraviolet, optical and near-infrared abso-
rption cross sections of solid Cg. Ref. [15] took the photothermal
deflection spectroscopy technique to measure the absorption of Ce.
This largely eliminated the effects of the light scattering at grain bou-
ndaries on the visible/near-infrared absorption of Cg. Taken from
refs. [15,16].
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Table 1 Peak positions of the vibrational, Raman and electronic
bands of Cgo and Co. Taken from ref. [17]
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Figure 2 Infrared spectra of negatively charged Ce. Taken from
ref. [18].
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Figure 3 Infrared spectra of neutral Cg, Cg cation and Ce dication.
Taken from ref. [18].
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Figure 4 (Color online) Continuum-subtracted 5-23 pm Spitzer/
IRS spectrum of Tcl, a planetary nebula. Solid (hollow) arrows label
the infrared vibrational bands of Cgy (C7). The lines under the
Spitzer/IRS spectrum of Tcl show the thermal emission models of

Ceo and Cyy at temperature 7=330 K, 180 K, respectively. Taken from
ref. [39].
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Figure 5 (Color online) Spitzer/IRS spectrum of NGC 2023, a
reflection nebula. The vertical lines label the 7.04 and 8.5 um emiss-
ion features of Cg. The 6.2 pm, 7.7 um, 8.6 um features (as well as
the weaker features at 5.3 um, 5.7 pm, 6.4 pm, 6.7 um, 7.4 pm, and
8.3 um) of PAHs are approximated as Drude profiles. Note that the
7.7 um feature is a combination of two Drude profiles at 7.6 um and
7.8 um. Taken from ref. [32].
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Figure 6 (Color online) Energy probability distribution functions
(a) and infrared emission spectra (b) of Cg excited by the general

interstellar radiation field [64] or by the same radiation field but with
its intensity enhanced by a factor of 1000.
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Fullerenes are cage-like molecules of pure carbon, such as Cgp, C79, C76, and Cgy. Cgp, also known as buckminster-
Irene, is the most stable fullerene and has a soccer-ball like structure. The presence of fullerenes in space has been
suggested and observationally explored since their first synthesis in the laboratory in 1985 by Harry Kroto and his
colleagues which earned them the 1996 Nobel prize in chemistry. Cg, (as well as C;,) has recently been detected in
reflection nebulae, post-asymptotic giant branch (AGB) stars, pre-planetary nebulae, planetary nebulae, Herbig Ae/Be
stars, and young stellar objects through their characteristic infrared emission bands. The formation of Cgy in
interstellar and circumstellar environments is not firmly established. Experimental studies have shown that C¢, can be
made by gas-phase condensation (e.g. through vaporization of graphite) in a hydrogen-poor environment. In view of
the simultaneous detection of Cgy and polycyclic aromatic hydrocarbon (PAH) molecules in hydrogen-rich interstellar
and circumstellar regions, it has also been suggested that Cq, could be generated by the decomposition of
hydrogenated amorphous carbon, or the destruction of PAHs, both induced by shocks and/or ultraviolet
photoprocessing. The phase (gas or solid) and excitation mechanism of Cg in interstellar and circumstellar conditions
are also hotly debated in the literature. One model suggests that Cg is attached to dust and emits in solid-phase at the
equilibrium temperature of the dust. Another model suggests that Cg is stochastically excited by ultraviolet photons
and emits in the gas-phase. We prefer the latter model as in interstellar and circumstellar conditions the energy
content of a Cgy molecule is often smaller than the energy of a single starlight photon and Cg is expected to undergo
stochastical heating.

Ceo, interstellar medium, interstellar dust, infrared radiation
PACS: 98.38.-j, 98.58.-w
doi: 10.1360/132012-963



