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ABSTRACT

Wepresent 3�mspectroscopy of the carbon-rich protoplanetary nebulae IRAS 04296+3429 and IRAS 05341+0852,
conducted with the adaptive optics system at the Subaru Telescope. We utilize the nearly diffraction-limited spectros-
copy to probe the spatial extent of the hydrocarbon dust emitting zone. We find a hydrocarbon emission core extend-
ing up to 100Y160 mas from the center of IRAS 04296+3429, corresponding to a physical diameter of 400Y640 AU,
assuming a distance of 4 kpc. However, we find that IRAS 05341+0852 is not spatially resolved with this instru-
mentation. The physical extent of these protoplanetary nebulae, along with the reanalyzed data of IRAS 22272+5435
published previously, suggests a correlation between the physical extent of the hydrocarbon dust emission and the
spectral evolution of the aliphatic to aromatic features in these post-AGB stars. These measurements represent the
first direct test of the proposed chemical synthesis route of carbonaceous dust in the circumstellar environment of
evolved stars.

Subject headinggs: circumstellar matter — dust, extinction — infrared: ISM — ISM: evolution — stars: AGB
and post-AGB — stars: individual ( IRAS 04296+3429, IRAS 05341+0852, IRAS 22272+5435)

1. INTRODUCTION

The origin of carbonaceous grains observed in the interstellar
medium and in the early solar system is a topic of great interest.
These grains are composed of a chain or a network of carbon
atoms bonded to hydrogen atoms at their periphery with physical
and chemical properties intermediate between those of simple
molecules and of bulk solid particles. Due to the versatility of car-
bon atoms in creating various hybridized bonds, these carbona-
ceous grains can have very complex chemical structures (Henning
& Salama 1998; Ehrenfreund & Charnley 2000; Pendleton &
Allamandola 2002; Henning et al. 2003).

Recent infrared spectroscopic observations from space have
revealed that carbon-rich postYasymptotic giant branch (post-
AGB) stars undergo rapid synthesis of hydrocarbon grains with
both aromatic and aliphatic signatures. The aromatic hydrocar-
bon is characterized by benzene-like rings in which carbon atoms
are connected to each other with conjugated double bonds, while
the aliphatic hydrocarbon consists of linear chains or a network of
carbon atoms connected by saturated bonds. The production and
ejection of these grains may play a significant role in the chemical
enrichment of the interstellar medium and the early solar system
(Kwok 2004). Specifically, while carbon-rich AGB stars show
either the 11.3 �m feature due to SiC or a featureless continuum
due to amorphous carbon (Henning &Mutschke 2001; Clément
et al. 2003), aromatic features at 3.3, 6.2, 7.7, 8.6, and 11.3 �m
and aliphatic features at 3.4 and 6.9 �m begin to appear in proto-
planetary nebulae (PPNs; Kwok et al. 1999). We now know that
the aliphatic to aromatic transformation of the circumstellar dust

from PPNs to planetary nebulae coincides with environmental
changes of increasing stellar temperature, less protective dusty
environment, and the outbreak of harshUVradiation (Kwok et al.
2001). In order to test any photochemical models, we first need
a good knowledge of the spatial distribution of the emitting ma-
terials. The observations of these objects in the short transition
phase between AGB stars and planetary nebulae are therefore of
primary importance in our understanding of the chemical synthe-
sis of carbonaceous grains.

IRAS 04296+3429, along with IRAS 05341+0852 and IRAS
22272+5435, belongs to a small group of PPNs with extremely
carbon-rich chemistry, first recognized by the presence of an un-
identified 21 �m emission feature in their IRAS Low-Resolution
Spectrometer spectra (Kwok et al. 1989, 1995). The observational
properties of these sources, taken from the literature, are summa-
rized in Table 1. This class of PPN is most exclusively character-
ized by prominent emission features of highly aliphatic material
with broad emission at 3.4 �m alongside the common aromatic
feature at 3.3 �mfirst detected byGeballe & van der Veen (1990)
and Geballe et al. (1992), and subsequently classified in Geballe
(1997). Since the hydrocarbon dust is synthesized in the circum-
stellar environment, if it undergoes temporal modification it will
leave a record of unique spatial distribution in the circumstellar
envelope. With sufficient spatial resolution, we may observe the
history of dust formation as a change of hydrocarbon dust struc-
ture with distance from the central star. Such observations pro-
vide a critical test for the proposed evolutionary schemes (e.g.,
Kwok et al. 1999). However, PPNs are usually small in angular
extent and require subarcsecond resolution to image. It is only
recently that the imaging resolution in the infrared has become
good enough to perform such experiments (Goto et al. 2003). In
this paper, we present high angular resolution imaging spectros-
copy of the distribution of circumstellar hydrocarbon dust using
an adaptive optics (AO) system.

2. OBSERVATIONS

The 3 �m spectra of IRAS 04296+3429 and IRAS 05341+
0852 were obtained at the Subaru Telescope atop Mauna Kea on

1 Based on data collected at Subaru Telescope, operated by the National
Astronomical Observatory of Japan.

2 Max-Planck-Institut f ür Astronomie, Heidelberg, Germany.
3 Visiting astronomer at the Institute for Astronomy, University of Hawaii.
4 Department of Physics, University of Hong Kong, China.
5 Subaru Telescope, Hilo, HI.
6 National Astronomical Observatory of Japan, Tokyo, Japan.
7 The University of Tokyo, Japan.
8 Groupe d’astrophysique, Université de Montréal, QC, Canada.
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2001 December 23 with the Infrared Camera and Spectrograph
( IRCS; Tokunaga et al. 1998; Kobayashi et al. 2000). An AO
system was used as a front-end instrument to feed wavefrontY
compensated images to IRCS. The Subaru AO is a 36 element
curvature-based system installed at the telescope Cassegrain port
(Gaessler et al. 2002; Takami et al. 2004). It delivers diffraction-
limited images at wavelengths longer than 2 �m. A medium-
resolution grism was used with a 0.3000 slit to provide spectra with
a resolving power of k/�k ¼ 600Y800. The plate scale of the
spectrograph was 58 mas pixel�1 along the slit. The slit was
aligned to P:A: ¼ 28� and 98� for IRAS 04296+3429, along the
disk and the bipolar lobe projected on the sky (Sahai 1999). The
slit was rotated to P:A: ¼ 45

�
for IRAS 05341+0852, which is

along the elongation of the nebula at optical wavelengths (Ueta
et al. 2000). The visible central stars of IRAS 04296+3429 (1200�
02336188 in the USNO-A2.0 catalog; R ¼ 13:7 mag) and IRAS
05341+0852 (0975-01778353; R ¼ 12:7 mag) were used as the
wavefront references for the AO system. The spectrograms were
recorded by wobbling the AO system’s tip-tilt mirror by �1.500

along the slit. AG0.5V star, HR660 (R ¼ 4:5mag), was observed
at the beginning of the observation through similar airmass to cal-
ibrate for atmospheric transmission. The mismatch in airmass
between this reference and the observed objects was smaller than
0.1. In order to use HR 660 as the standard star for the point-
spread function (PSF) as well, HR 660 was dimmed by neutral
density filters in front of the wavefront sensor until the output
counts of the avalanche photodiodes were comparable to those of
the objects, so that the corrected wavefront error would be sim-
ilar. The observation of IRAS 04296+3429was completed within
1.3 hr of observingHR 660 for the first slit position at P:A: ¼ 98�.
HR 660 may not be as good a PSF standard for IRAS 05341+
0852, as this was observed nearly 4 hr later. The PSF asmeasured
with HR 660 provides an independent measurement to test the
spatial extent of IRAS 04296+3429, as discussed in x 3.1. The
spectroscopic flat field was made at the end of the night using a
halogen lamp installed at the calibration unit in front of the in-
strument entrance window. The seeing was good at the begin-
ning of the night (0.5500 at R), deteriorating toward the end of the
observation (0.8600 at R). The details of the observation of IRAS
22272+5435 are presented elsewhere (Goto et al. 2003).

3. DATA ANALYSIS

3.1. Nonlinearity Correction

Data reduction begins with correcting each frame for detector
nonlinearity, since even slight saturation of the detector response
affects the PSF measurement required in the present study. Sup-
pression of pixel counts at the peak of the PSF modifies the spa-
tial profile by making it slightly flatter. Therefore, the measured
spatial width is increased. Special care must be taken to take into
account the pixel counts in the pedestal readout. A typical read-
out of an infrared detector array consists of three steps: a reset of

the entire array, after which integration starts immediately; a first
readout to sample the pixel counts at the beginning of the expo-
sure; and a second readout after the desired integration time. Then
the pedestal count from the first readout is subtracted, yielding the
net signal. This net signal is usually monitored during observa-
tions so as not to exceed the detector linearity limit.
However, for observations in high-flux regime, such as the

ones donewith theAO system, the integration time can be so short
that it is comparable to the detector readout time. Substantial pho-
ton flux is already accumulated in the pixel before the first readout.
The pedestal counts can potentially push the second readout up
into the nonlinear regime, a situation that cannot be recognized
when only the net signal is monitored. The pedestal count de-
pends on how soon the relevant pixel is read after the array reset,
and therefore depends on the location of the pixel in the array. The
magnitude of the nonlinearity correction, including the position-
dependent pedestal count, amounts to not more than 8% in most
of the observations with our setup, using a pixel readout of 0.41 s
for the entire array, an integration time of 8 s, and maximum net
counts restricted to values below 5000 ADU.

3.2. Spectroscopy

Following the above described nonlinearity correction, con-
secutive spectrograms were subtracted from each other to elim-
inate background sky emission. Pixel-to-pixel detector response
variation was normalized by ratioing with dark-subtracted flat-
field images. The extraction aperture was defined at a fixed dis-
tance from the profile centroid, and the enclosed pixel countswere
summed to produce a one-dimensional spectrum.Wavelength cal-
ibration was performed bymaximizing the correlation of resulting
spectrumwith a model atmospheric transmission curve computed
byATRAN (Lord 1992). Telluric atmospheric absorption features
were removed by dividing by the spectrum of the spectroscopic
standard star HR 660.
The results are shown in Figure 1 for IRAS 04296+3429 and

IRAS 05341+0852, after normalization by a polynomial func-
tion fitted to the continuum emission in order to highlight the
hydrocarbon emission features at 3.2Y3.6 �m. The spectrum of
IRAS 22272+5435 extracted from the off-center region of the
nebula, originally published inGoto et al. (2003), is shown for com-
parison. Two parallel trends are noticeable. First, the aliphatic emis-
sion feature at 3.4 �m, specific to this class of carbon-rich PPNs,
diminishes as one progresses from IRAS 05341+0852 to IRAS
04296+3429 and to IRAS 22272+5435, with respect to the aro-
matic emission at 3.3 �m. At the same time, the overall intensity
of hydrocarbon emission above the continuum decreases.
Large-scale (>0.500) variations of the spectral shape of the emis-

sion featurewere checked for IRAS04296+5435 and IRAS05341+
0852 in the same way as for IRAS 22272+5435, by shifting the
extraction aperture from the central star (Goto et al. 2003). The
flux at the off-center regions is dominated by the PSF halo of

TABLE 1

Stellar Properties

Star

R. A.

(J2000.0)

Decl.

(J2000.0) Spectral Type V Magnitude L Magnitude

d

( kpc)

L�
(L�)

Td
(K) References

IRAS 04296+3429............... 04 32 57.0 +34 36 13 G0 Ia 14.17 7.4 4.0/7.1 5300/(8000a) 200 1, 2, 3, 4

IRAS 05341+0852............... 05 36 55.0 +08 54 08 F4 Iab 13.61 8.13 7.4 (8000a) 210 1, 2, 5

IRAS 22272+5435............... 22 29 10.4 +54 51 07 G5 Ia 9.10 4.43 1.8 13000 202 1, 6, 7, 8

a The total luminosity is assumed to be L� ¼ 8000 L� when estimating the distance to the source.
References.— (1) Ueta et al. 2000; (2) Fujii et al. 2002; (3) Manchado et al. 1989; (4) Meixner et al. 1997; (5) Geballe & van der Veen 1990; (6) Hrivnak &

Kwok 1991; (7) J. Nakashima 2006, private communication; (8) Ueta et al. 2001.
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the central star, and no significant difference was observed be-
tween the spectra extracted at the central stars and those taken
from the off-center regions.

3.3. Spatial Profiles

The AO system is a powerful tool, providing superb spatial
resolution for imaging and spectroscopy. However, the outcome
is sometimes highly variable when we work at the performance
limit, being dependent on the variability of observing conditions.

The reference PSF varies according to the seeing, the brightness
of the wavefront reference source, and the observing wavelength
(and therefore the color of each object). This variable PSFmakes
the interpretation of the spatial extent of observed sources a chal-
lenge. For instance, when stellar images look larger for one source
than for the other, there is noway to tell whether the source indeed
has a circumstellar structure, or whether the seeing has simply be-
come worse. This uncertainty can be eliminated if a point-source
reference is observed at the same time with the same instrumental
setup, and preferably in the same frame, which is often not the
case.

We used spectroscopy as a means of sampling a reference PSF
within frames. Spectroscopy amounts to simultaneous imaging
at multiple wavelengths over hundreds of spectral elements, al-
though the imaging is spatially one-dimensional. If certain spec-
tral features are spatially extended, this ismost sensitively detected
by differentiating the spatial profile from that of the immediate
continuum region. The scheme is illustrated in Figure 2. In the
present observations, we have compared the cross section of the
spectrogram at the hydrocarbon dust emission wavelength with
the nearby continuum. The spatial profile of IRAS 04296+3429
in Figure 2 is wider at the level of the emission feature by approx-
imately by 16% compared to the continuumwavelength. This dif-
ference in the widths of the two spectral regions is not large, but it
is real; otherwise the spatial profiles at these two spectral regions
would be identical, as it is the case for the comparison star HR 660
shown in the same figure.

Since spatial profiles are sparsely sampled in pixelized data, the
pixel data must be interpolated in order to quantitatively param-
eterize the spatial profile. Empirically, we found that the observed
PSF is better approximated by a Lorentzian than by a single-
component Gaussian, given the high wings resulting from of the

Fig. 2.—Top left: Close-up view of the spectrogram of IRAS 04296+3429 at 3.29Y3.35 �m. The spectrogram is pair-subtracted and flat-fielded. The aromatic
hydrocarbon dust produces emission at 3.3 �m, which is marked as ‘‘Emission’’ in the spectrogram. The 3.32Y3.34 �m region, in between the 3.3 �m aromatic and the
3.4�maliphatic feature, is labeled as ‘‘Continuum.’’Bottom left: One-dimensional slice of the spectrogram cut along the slit at the emissionwavelength (rectangles) and on
the continuum ( plus signs). The green and red filled curves are Lorentzian functions used to fit the pixel data at the continuum and at the emission feature, respectively. It is
evident that IRAS 04296+3429 is larger at the 3.3 �m aromatic feature than at the continuum wavelength. Right: Same as left panels, but for the standard star HR 660. In
this case, the spatial profiles of the two spectral regions are almost identical.

Fig. 1.—Spectra of IRAS 05341+0852 and IRAS 04296+3429 after divi-
sion by a polynomial fit to the continuum. Also plotted is the spectrum of IRAS
22272+5435 from Goto et al. (2003). These three PPNs are extremely carbon-
rich, with specific aliphatic emission features at 3.4 �m, along with more com-
mon aromatic emission at 3.3 �m. The intensity of the aliphatic emission relative
to the aromatic feature decreases with the physical development of the nebulae.
The ratio of the whole emission feature to the continuum emission exhibits the
same trend. Note that the spectrum of IRAS 22272+5435 is extracted from the
nebula, but in a region offset from the central star, in order to highlight the hydro-
carbon emission features. The feature-to-continuum ratio is much smaller when
the central star is included, which makes the trend above even stronger.
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first ring and the seeing halo around the diffraction core (Fig. 2).
The bad pixels with outlying responses were deliberately left un-
corrected, because smoothing outlier pixels modifies the intrinsic
spatial profile, leading to an incorrect spatial width.

The full width at half-maximum (FWHM) of the spatial pro-
files was derived from these fits, and was measured at each spec-
tral element from 2.9 to 4.1 �m. The ‘‘FWHM spectrum,’’ the
variation of FWHM as a function of the wavelength, was mea-
sured separately in each frame to preserve spatial resolution. They
were then combined for each source. The results are shown in
Figure 3. The spatial width of IRAS 04296+3429 is clearly ex-
tended near the 3.3Y3.4 �m hydrocarbon emission features, com-
pared to its size at continuum wavelengths.

The spectroscopic data for IRAS 22272+5435, obtained byGoto
et al. (2003), were reprocessed in the same manner as described
here, and the resulting FWHM spectrum is shown in Figure 3 for
comparison with IRAS 04296+3429 and IRAS 05341+0852.

3.4. Deconvolution

The spatial width we measured in x 3.3 is a stellar angular di-
ameter convolved with the system PSF. In order to derive the in-
trinsic dimension of the emitting region, we need to deconvolve
the PSF from the apparent spatial width. For this task, we assume
that the observed spatial width is a simple squared sum of the
intrinsic angular size and the size of the PSF at that wavelength,

�2
obs(k) ¼ �2

� (k)þ �2
PSF(k):

Obtaining the correct PSF, �PSF(k), is not a trivial task, since the
wavelength-dependent PSF changes with AO performance at the
time of observing. We calculate the intrinsic physical dimension
��(k) in two ways, assuming different �PSF(k) at deconvolution.

First, we assume that the continuum emission of IRAS 04296+
3429 is an unresolved point source.Wemeasure only the relative

dimension of the hydrocarbon emitting region with respect to the
continuumdust emission. The apparent diameter of IRAS 04296+
3429 smoothly increases at longer wavelengths, except near the
hydrocarbon emission features and at the spikes of heavy absorp-
tion by methane in the telluric atmosphere at 3.2Y3.4 �m. A po-
lynomial function is fit to the continuum of the FWHM spectrum,
and is taken as �PSF(k) (Fig. 3). The large �PSF(k) assumed here
provides a stringent lower limit for the extent of the hydrocarbon
emitting zone. The apparent angular diameter of the continuum
emitting region is 180 mas at 3.4 �m at P:A: ¼ 98�, as is shown
by the fit in Figure 3. On the other hand, the apparent FWHM is
well above 200 mas at the hydrocarbon emission features, yield-
ing a minimum physical diameter for the hydrocarbon emitting
region of�100mas (Fig. 4), corresponding to 400 AU in diame-
ter, assuming a distance of 4 kpc for IRAS 04296+3429 (Meixner
et al. 1997).
In an alternative approach, we assume that the system PSF

was stable throughout the observations and simply use the appar-
ent diameter of HR 660 as �PSF(k) to deconvolve the FWHM of
IRAS 04296+3429. This assumption allows an absolute es-
timate of the actual physical dimension of IRAS 04296+3429.
The deconvolved FWHM of IRAS 04296+3429 by this method
is 160 mas at 3.4 �m. The corresponding physical dimension
of the hydrocarbon core is 640 AU (P:A: ¼ 98�) in diameter
(Fig. 4).
IRAS 04296+3429 is apparently larger than HR 660 at all the

wavelengths observed in the present study (Fig. 3), which may
suggest that even the continuum emission is indeed extended and
not a point source as we assumed in the first method. However, it
is not clear which of the methods described above is better suited
to this particular case, as the dust emission tops the stellar com-
ponent exactly at the relevant wavelengths near 3Y4 �m (Kwok
1993; Ueta et al. 2000; Fujii et al. 2002), which implies the con-
tinuum emission is still dominated by the stellar point source;
although there could be a substantial contribution to the continuum

Fig. 3.—Variation of the FWHM of the sources as a function of wavelength. Top left: Spatial extent of IRAS 04296+3429 at P:A: ¼ 98
�
along the bipolar lobe. The

smooth increase in FWHM with wavelength represents the diffraction-limited behavior of a PSF. This wavelength dependence is fitted by a dotted line, and any excess
above it is emphasized by light gray shading. The error bars are given by the dispersion of the FWHM in the repeatedmeasurements (dark gray shading). The spatial extent
of the standard star HR 660 is plotted in the same panel for comparison, as well as the polynomial fit to the continuum of the FWHM spectrum of IRAS 04296+3429, used
as the PSFs in the later deconvolution. Bottom left: Variation of spatial extent of IRAS 04296+3429 measured at P:A: ¼ 28� along the disk. Top right: Variation of spatial
extent of IRAS 05341+0852 measured along P:A: ¼ 45�. Bottom right: Variation of spatial extent of IRAS 22272+5435 measured along P:A: ¼ 56�.
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emission in the 3�m region fromvery small, stochastically heated
grains.

4. DISCUSSION

From Hubble Space Telescope optical imaging, we know that
IRAS 04296+3429 consists of three major components: a large
spherical halo; a disk seen in the scattered light; and a bipolar
lobe nearly vertical to the disk, plunging into the surrounding halo
(Sahai 1999). The halo is the remnant of the circumstellar mate-
rial ejected during the previous AGB phase. The bipolar lobe, de-
lineated by its interface to the halo, is supposed to be collimated
by the disk. This geometry is typical of PPNs andwe assume that
they were formed in the following order: the halo, the disk, and
the bipolar lobes. The newly found hydrocarbon emitting region
is much smaller in size than all of the above three components,
and does not correspond to any of the structures previously im-
aged in visible light. The double-peaked spectral energy distribu-
tion observed in this object suggests that the dust shell is detached
from the central star and that large-scale mass loss has ceased
some time in the past (Kwok et al. 1989). However, the compact
hydrocarbon dust emitting region found in this paper implies that
carbon dust formation is still in progress in IRAS 04296+3429.
This provides direct proof that aromatic and aliphatic hydro-
carbon dust is being made in the circumstellar environment dur-
ing the post-AGB phase.

Since the distribution of the hydrocarbon dust emission has
been measured in three PPNs, we can use these results to deter-
mine their evolutionary status within the post-AGB evolution se-
quence. The wider FWHM compared to the continuum emission
region is interpreted as the hydrocarbon dust being spatially
extended. Its total luminosity is at least comparable to that of the
continuum emission.

The hydrocarbon dust around IRAS 22272+5435 is distrib-
uted between 700 and 1500 AU from the central star (Goto et al.
2003). This is twice as large as the hydrocarbon dust core in IRAS

04296+3429.We applied the same analysis to IRAS 22272+5435
as to IRAS 04296+3429 to see if there is any extended but com-
pact emission core in the central region of the nebula (Fig. 3).We
found no excess of the FWHM at the central star, although IRAS
22272+5435 is closer to us (d ¼ 1:8 kpc; J. Nakashima 2006,
private communication; based on the formula presented inDeguchi
et al. 2002),9 indicating that the hydrocarbon dust in IRAS 22272+
5435 has been cleared up and the central star can already be seen
through the dust envelope.

No enhancement is observed in the width of the spatial profile
at the hydrocarbon emission wavelength for IRAS 05341+0852
(Fig. 3). At first glance, the FWHM spectrum of IRAS 05341+
0852 looks similar to that of IRAS 22272+5435, in which the
dust emitting region has developed as much as 1.500 in diameter.
To the contrary, as we will discuss, the hydrocarbon emission in
IRAS 05341+0852 is compact and unresolved. First, a crucial
difference between the two sources is the lack of diffuse emission
of hydrocarbon dust around IRAS 05341+0852. We checked on
any possible spatial variation of the hydrocarbon emission fea-
ture in IRAS 05341+0852 with the same analysis we used for
IRAS 22272+5435 in Goto et al. (2003). If positively detected, a
spatial variation would provide unambiguous evidence of a phys-
ically extended hydrocarbon dust emitting zone. However, not
only was such a variation not detected, but even the intensity of
the emission feature relative to the continuum level is constant
regardless of the distance from the central star, which is consis-
tent with a point source and favors the interpretation that the
hydrocarbon emission in IRAS 05341+0852 is unresolved. Sec-
ond, we will estimate the dust emitting region of IRAS 05341+
0852, assuming that the general morphology of the nebula is
same with IRAS 22272+5435. The nebulosity around IRAS
22272+5435 spans 3:4700 ; 3:3700 in I band (Ueta et al. 2000),
and is smaller in the mid-infrared (1:300 ; 1:000 at 8 �m; averaged
fromMeixner et al. 1997 and Ueta et al. 2001). The mid-infrared
dimension is roughly comparable to the detached hydrocarbon
emitting zone located byGoto et al. (2003). IRAS05341+0852 ap-
pears much smaller in I band, presumably because of the greater
distance to the source (1:1400 ; 0:7800; Ueta et al. 2000). If we
simply scale the near-infrared appearance of IRAS 05341+0852
according to the relative dimension of IRAS 22272+5435 in the
mid and near-infrared, the hydrocarbon emitting region of IRAS
05341+0852 should measure 0:200Y0:400 from the central star. If
IRAS 05341+0852 has a detached hydrocarbon emitting region
comparable to that of IRAS 22272+5435, it should have been
spatially resolved by the present observation, even at the appar-
ent large distance to IRAS 05341+0852.

Here we try to place an upper limit on the physical extent of the
hydrocarbon dust in IRAS 05341+0852. The distance to the PPN
is poorly known. We take a conservative value of d ¼ 7:4 kpc
to IRAS 05341+0852 from Fujii et al. (2002), which assumes
the typical intrinsic luminosity of PPNs to be L� ¼ 8000 L�. The
FWHM of IRAS 05341+0852 is averaged to 174:5� 8:5 mas
in the range of 3.2Y3.6 �m. The uncertainty sets the upper limit
for the physical extent of hydrocarbon emitting zone to 54.2 mas
after deconvolution, which translates to 400 AU at the distance

Fig. 4.—Variation of the size of the hydrocarbon emission zone as a function
of wavelength after deconvolution. Top: FWHM spectra deconvolved with the
continuum FWHM of IRAS 04296+3429 itself; assuming the continuum emis-
sion is a point source, and smoothly increases with wavelength as is in the poly-
nomial fit shown in dotted lines in Fig. 3. Bottom: FWHM spectra deconvolved
using the FWHM of the standard star HR 660 as the PSF. The upper trace is for
measurements along P:A: ¼ 98�, and the lower trace for P:A: ¼ 28�. The angular
scale on the left vertical axis is converted to physical size on the right vertical axis,
assuming a distance of 4 kpc (Meixner et al. 1997).

9 The distance to IRAS 22272+5435was updated from the 1.6 kpc previously
used inGoto et al. (2003), andUeta et al. (2001). The physical size of the nebula is
scaled up accordingly. This new estimation is based on a simple comparison of
the apparent luminosity of the nebula obtained from photometric data ranging
from the visible to the infrared, with an assumed intrinsic luminosity of 8000 L�,
typical for a PPN. The interstellar extinction is not accounted for, which may af-
fect the visible part of the spectral energy distribution. This distance is therefore
an upper limit, yielding an upper limit for the physical extent of the hydrocarbon
emitting region at IRAS 22272+5435.
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quoted above. Therefore, if IRAS 05341+0852 has a dust emission
corewith similar spatial extent to IRAS 04296+3429 (�400AU),
it should have been detected even at that distance, although ad-
mittedly only marginally. In order to be consistent, if we use
7.1 kpc as the distance to IRAS 04296+3429, as proposed by the
same authors using the same method, instead of the 4 kpc given
byMeixner et al. (1997), the physical extent of the hydrocarbon
emitting zone around IRAS 04296+3429 increases to D �
1100 AU. This makes it even safer to say that the physical ex-
tent of IRAS 05341+0852 is less than that of IRAS 04296+
3429, and if the former had a hydrocarbon core similar to the
other one in size, it would be detectable. We therefore conclude
IRAS 05341+0852 is unresolved, not because of its remote lo-
cation, but because the hydrocarbon emission region is intrin-
sically small in size.

We now have the distribution of hydrocarbon dust in three
PPNs: the emitting region in IRAS 05341+0852 is unresolved; in
IRAS 04296+3429 it is concentrated but extended up to 400Y
640 AU in diameter; and in IRAS 22272+5435 it is diffuse and
widely developed over 2000 AU. This is at least suggestive that
there is an evolutionary sequence of the hydrocarbon production
in these PPNs: IRAS 05341+0852 is in the earliest stage of the
evolution, followed by IRAS 04296+3429, with IRAS 22272+
5435 being the most evolved in the post-AGB evolution.

Although the present sample is small, we do note that there
seems to be a correlation between the size of the emitting region
and the spectral evolution of the hydrocarbon emission features.
The two trends in the spectral sequence, (1) the decline of ali-
phatic emission at 3.4 �m with respect to the aromatic emission
at 3.3 �m, and (2) the decrease of the overall intensity of hydro-
carbon feature integrated at 3.2Y3.6 �m, apparently go together
with the hydrocarbon emitting region becoming spatially more
developed. It is interesting to note that a similar spectral variation of
the aliphatic and aromatic hydrocarbon features has been reported
in the thermal annealing of the laboratory analogs of carbon dust
(Schnaiter et al. 1999; Goto et al. 2000). These results show that
high spatial resolution infrared imaging spectroscopy has the
capability of directly tracing the chemical evolution of circum-
stellar synthesis of carbonaceous compounds, with significant
implications on our understanding of the chemical enrichment of
the interstellar medium and the Galaxy.
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