
ISSN 1225-1534 (Print)

http://dx.doi.org/10.5303/PKAS.2012.27.4.259

Publications of the Korean Astronomical Society

27: 259 ∼ 260, 2012 September

c© 2012. The Korean Astronomical Society. All Rights Reserved.

INVESTIGATION OF PAHs IN GALACTIC PLANETARY NEBULAE WITH THE
AKARI/IRC AND THE SPITZER/IRS

R. Ohsawa1, T. Onaka1, I. Sakon1, T. I. Mori1, I. Yamamura2, M. Matsuura3,

H. Kaneda4, J. Bernard-Salas5, O. Berné6, and C. Joblin6
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ABSTRACT

Polycyclic aromatic hydrocarbons (PAHs) in Galactic planetary nebulae (PNe) are investigated
by means of the unidentified infrared (UIR) bands. Continuous near- to mid-infrared spectra of
PNe are obtained with the AKARI /IRC and the Spitzer/IRS. All 19 PNe in the present study
show prominent dust emissions and we investigate the variation in the intensity ratios among the
UIR bands. The ionization fraction and the size distribution of PAHs in PNe are derived using
the UIR band ratios. We find that the ionization fraction of PAHs in PNe is around 0.0–0.6 and
that small PAHs are scarce. The present result indicates a systematic trend of the 3.4 µm aliphatic
feature to become weak as the PAH ionization fraction increases.
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1. INTRODUCTION

The unidentified infrared (UIR) bands are broad and
prominent infrared emissions that are seen in a variety
of objects (Peeters et al., 2002; Acke et al., 2004), sug-
gesting that the carriers are common in the Universe.
The relative strength of the UIR bands is sensitive to
the chemical and physical conditions of the carriers.
The most probable candidates are polycyclic aromatic
hydrocarbons (PAHs) (Duley & Williams, 1981). The
UIR band ratios can be good diagnostic tools to inves-
tigate the PAH properties and the local environments
(e.g., Berné et al., 2007; Mori et al., 2012). We inves-
tigate the ionization fraction and the size distribution
of PAHs in PNe by means of the variation in the UIR
band ratios. The 3.4µm emission feature is also inves-
tigated as a tracer of aliphatic C-H bonds in PAHs.

2. OBSERVATION

We obtained 86 near-infrared (2–5µm) spectra of
Galactic PNe with the AKARI /IRC. Among them, 19
PNe whose mid-infrared spectra (5–14µm) are avail-
able in the Spitzer Archive and which show significant
dust emissions in their spectra are selected. To correct
for the slit efficiency, the Spitzer/IRS spectra are scaled
to the IRC spectra. The intensities of the UIR bands
are estimated through spectral fitting. We fit the spec-
tra with a linear combination of free-free, thermal dust,
recombination and forbidden lines, and the UIR band
emissions. The UIR bands are assumed as Lorentzian
functions.
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3. RESULTS

The 6.2 to 11.2 µm ratio increases when PAHs are ion-
ized, while the 3.3 to 11.2 µm ratio increases when small
PAHs are abundant (Allamandola et al., 1989). Using
the upper panel of Fig. 1, we can diagnose the ioniza-
tion status and the size distribution of PAHs. Most
PNe show a 6.2 to 11.2 µm ratio of around 0.5–1.2. For
some PNe, this ratio becomes larger than 2. The lat-
ter also show the eminent broad feature around 12µm,
which is typically seen in the proto-PNe phase and at-
tributed to SiC. They are significantly young PNe, sug-
gesting that PAHs in those objects are pristine. The
3.3 µm band arises from aromatic C-H bonds, while the
3.4 µm band arises from aliphatic C-H bonds. The 3.4
to 3.3 µm ratio indicates the aliphatic-to-aromatic ra-
tio. This ratio is shown against the 6.2 to 11.2 µm band
ratio in the lower panel of Fig. 1, where the young ob-
jects with the 6.2 to 11.2 µm larger than 2 are excluded.

4. DISCUSSION

We calculate the UIR band ratios with different effec-
tive temperatures (T ) and ionization fractions (fion)
based on a PAH model for molecular clouds and photo-
dissociation regions (Case I in Mori et al., 2012) to
investigate the difference between the PAHs in PNe
and in interstellar fields. The results of the models
are shown by the gray lines in the upper panel. Al-
though the 6.2 to 11.2 µm band ratio (0.5–1.2) is well
reproduced by the model with fion'0.0–0.5, the 3.3
to 11.2 µm ratio is significantly lower than the model
prediction. It suggests that small PAHs are scarce in
PNe. In the lower panel, we find that the aliphatic-
aromatic ratio decreases as the ionization fraction in-
creases. This result confirms that aliphatic C-H bonds
are fragile to UV-processing. The present result indi-
cates that the destruction of aliphatic bonds occurs as
PAHs become ionized in PNe.
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Fig. 1. (Upper) The 3.3 to 11.2 µm UIR band ratio

is plotted against the 6.2 to 11.2 µm ratio. The gray sym-

bols show the objects with the SiC feature (see text). The

solid lines show the band ratio calculated by a PAH model.

(Lower) The 3.4 to 3.3 µm band ratio is shown against the

6.2 to 11.2 µm UIR band ratio.
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