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Abstract. We investigate the infrared emission bands from Polycyclic Aromatic Hydrocarbons
(PAHs) in Galactic planetary nebulae (PNe). PAHs in PNe are assumed to be in transition
from circumstellar to interstellar PAHs. We select 15 evolved PNe taking account of effective
stellar temperatures and obtain infrared spectra of PNe from AKARI (2.5–5 µm) and Spitzer
(5–14 µm) observations. Their evolutionary phase is estimated using [SIV]10 .51 /[NeII]12 .81 . We
find that the near-infrared PAH bands are significantly enhanced along with stellar evolution
sequence. We also find that the ratio of 3.4 to 3.3 µm bands is enhanced. The enhancement
might indicate some chemical processing, such as hydrogenation, on small PAHs.
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Polycyclic Aromatic Hydrocarbons (PAHs) are unique and interesting dust species
because they show distinct features in the infrared (hereafter, PAH features), which are
sensitive to their local environment and to their chemistry (e.g., Peeters et al. 2002;
van Diedenhoven et al. 2004), and we expect a significant difference between the PAH
features between in circumstellar and in interstellar environments due to the difference
in UV radiation field and density. We present our study of PAH features in planetary
nebula (PN), comparing with local environments within the circumstellar envelope. In
this report, we focus on the PAH features around 3 µm, and investigate the variation in
the relative strengths of the PAH features with nebular environments.

We obtain 2.5–5.0 µm near-infrared spectra of Galactic PNe with the AKARI/IRC.
We retrieved 5.5–14.0 µm mid-infrared spectra from the Spitzer Archive. To investigate
evolved PNe, we selected PNe whose effective stellar temperatures are higher than 70,000
K. We measured the strengths of emission features by model fit to the spectrum, including
the PAH features at 3.3, 3.4, 6.2, 7.7, 8.6, and 11.2 µm. We estimated the nebular
environments using [SIV]10.51/[NeII]12.81 . The relative strengths of the PAH features at
3.3 and 6.2 µm to 11.2 µm are plotted against [SIV]10.51/[NeII]12.81 on the upper left
and the lower left panels in Fig. 1, respectively. We can find a anti-correlation in the
ratio of 3.3 to 11.2 µm features. However, there is no apparent correlation in the ratio of
6.6 to 11.2 µm features. This is also the case among other mid-infrared PAH features at
6.2–11.2 µm. The right panel in Fig. 1 displays the intensity ratios of the 3.4 to 3.3 µm
PAH features against the line ratios. We can find a clear anti-correlation.
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Figure 1. Correlations between the PAH intensity ratios and [SIV]10 .51 /[NeII]12 .81 . The upper
left panel shows the ratios of 3.3 to 11.2 µm features, while the lower left panel shows those of
6.2 to 11.2 µm features. The right panel shows the ratio of 3.4 to 3.3 µm features.

Towards the end of PNe evolution, the luminosity of the central star drastically de-
creases, causing a decrease of [SIV]/[NeII]. Thus, the present results indicate the selective
increase in the near-infrared PAH features and the ratio of the 3.4 to 3.3 µm features
along with evolution. The decrease in the stellar luminosity also decreases the ionization
degrees of PAHs. Change in the ionization degree of PAHs will produce large differences
in the PAH features (Allamandola et al. 1989). However, it seems difficult to attribute
the variation in the PAH features to the change in the ionization parameter since there is
little variations among the mid-infrared PAH features in our data sets. The near-infrared
PAH features are believed to arise from C-H bonds in small PAHs. The results might
indicate process on C-H bonds in small PAH grains, such as hydrogenation. If the number
of hydrogens attached to small PAHs increases, the intensity of the near-infrared PAH
features will be enhanced. Although theoretical studies have shown that the number of
H-atoms in large PAHs will not vary with environments (Allain et al. 1996; Allamandola
et al. 1989), we can still attribute the variation in the near-infrared PAH features to hy-
drogenation and dehydrogenation processing on small PAH grains. Further studies will
reveal what accounts for the variation in the near-infrared PAH features.
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