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Abstract. We report on a search for the NH; inversion band at 9.0 um, the CH, band at 7.7 um, and the CH;0OH band at 9.7 ym
in the spectra of 10 heavily obscured stellar objects taken with the spectrophotometer ISOPHOT-S aboard the Infrared Space
Observatory (ISO). Four of them show indications of the NH; inversion band at 9.0 um superimposed on the always strong
silicate band. The results show that ammonia ice may be abundant in some cool and dense molecular circumstellar regions. The
9.7 um band of solid CH;OH was detected in 5 of the sources, and also the 7.7 um band of solid CH, was found in 5 sources.
The PHT-S detections were cross-checked against ISO-SWS spectra from archive data. Considering the different beam sizes

(24 x 240" versus 14 x 200"), there is good agreement.
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1. Introduction

The near- and mid-infrared spectral regions are crucial for the
study of the composition of interstellar dust. Over the past
20 years, infrared spectroscopy from the ground, aircraft, and
space has shown that interstellar grains in molecular clouds
contain a variety of frozen molecules (“ices”) in addition to
refractory materials such as silicate and carbonaceous grains.
A new era for dust spectroscopy was opened with the launch
of the Infrared Space Observatory (ISO) (Kessler et al. 1996)
with its unprecedented spectroscopic possibilities. For a sum-
mary of results see, e.g., d’Hendecourt et al. (1999) and Salama
et al. (2000).

The molecular ices play a significant role in the chemistry
of interstellar clouds. The icy grain mantles are both sinks and
sources of molecules in the gas phase and formation place for
particular molecular species. Therefore, it is desirable to have
the inventory of molecular ices as complete as possible and to
derive the abundances of the various ice components in differ-
ent objects.

The most abundant ice component known is frozen H,O,
but solid CO and CO, are ubiquitous, too (Whittet 1993;
Giirtler et al. 1996; Whittet et al. 1996; Gerakines et al.
1999). Minor components are CHy (d’Hendecourt et al. 1996;
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Boogert et al. 1996, 1998), CH3;0H (Grim et al. 1991; Skinner
et al. 1992; Dartois et al. 1999), a molecule or ion containing
the CN group (“XCN”; Lacy et al. 1984; Grim & Greenberg
1987; Demyk et al. 1998; Pendleton et al. 1999), and possibly
HCOOH (Schutte et al. 1996).

As for the presence of solid ammonia, the situation is less
clear. Submillimetre observations have shown gaseous NHj
to be an abundant molecule in interstellar clouds. Because it
freezes out at the low temperatures prevailing in dense clouds
(condensation/sublimation point 195 K under normal condi-
tions), we may expect it to be a component of interstellar ices.
Chemical models also suggest that it is readily formed on grain
surfaces in environments rich in atomic hydrogen (e.g., Herbst
1993).

Solid NHj3 has infrared active vibrational fundamentals at
2.95 um (N-H stretching), 6.16 um (N-H deformation), and
9.0 um (inversion). All of them overlap with other interstellar
absorption bands.

The stretching band, which has been studied most, overlaps
with the O-H stretching band of H,O at 3.08 um. Earlier de-
tections in a number of sources (Hagen et al. 1980, Knacke
et al. 1982) could not be confirmed by later observations
(Knacke & McCorkle 1987; Smith et al. 1989). A detection
in HH 100-IRS by Graham & Chen (1991) could not be con-
firmed by Whittet et al. (1996). In spectra taken with the Short
Wavelength Spectrometer (SWS) of ISO Chiar et al. (2000)
found clear indications of the NHj stretching band in the pro-
file of the water ice band of Sgr A* and two other Galactic
Centre sources and derived an NH3; abundance of 20-30%
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relative to water along these lines of sight. Dartois &
d’Hendecourt (2001), however, modelled the profile of the
3.08 um band in the direction of the Galactic Centre and sev-
eral other directions without any admixture of NH3 and derived
upper limits for the abundance of NH3 in Sgr A* of 17%.

The deformation band is the weakest of the three. It is of lit-
tle astrophysical use because it overlaps with the H,O bending
mode at 6.0 um.

The inversion band falls within the broad and strong silicate
feature. Lacy et al. (1998) reported the detection of a weak fea-
ture at 9.0 um in the spectrum of the deeply embedded infrared
source NGC 7538:IRS9. Its shape could be fitted well with lab-
oratory data for H,O ice containing 2—10% ammonia, which
argues in favour of the reality of the feature and its identifi-
cation. Lacy et al. (1998) were unable to unambiguously detect
the ammonia ice band in W33 A and W3:IRS5. Based on obser-
vations with the Short Wavelength Spectrometer (SWS) of ISO,
Gibb et al. (2000) presented a complete 2.4—25 um spectrum of
W33A. It clearly shows a feature around 9.0 um, but they could
not fit it well by a laboratory spectrum for NHj3 ice. Recently
Gibb et al. (2001) conducted a search for the NH3 inversion
band in SWS spectra of young objects. They confirmed the ear-
lier detections of the NHj3 inversion band in NGC 7538:IRS9
and W33A and detected it in AFGL 989 and AFGL 7009S.

In this paper we report on a search for the NHj3 inver-
sion band in spectra of heavily obscured young stellar ob-
jects taken with the spectrophotometer ISOPHOT (Lemke et al.
1996) aboard the Infrared Space Observatory (ISO). We con-
firm the finding of Gibb et al. (2000), could not find a feature
in NGC 7538:IRS9, and claim the detection of the band in the
spectra of 3 additional sources. The detection of NHj is of par-
ticular importance because it is a basic building block for more
complex nitrogen compounds (Sandford et al. 1998). We also
searched for the 9.7 um band of solid CH30H and detected it
in five sources, in one of them for the first time. Moreover, we
searched for the CH4 deformation band at 7.7 um. We detected
it in five sources. To verify our detection method, we compare
our results with SWS spectra if available.

The sources to be investigated were selected because their
spectra show both a deep silicate band (measure for the amount
of refractory dust) and the water ice band at 3.08 um (indicator
of volatile grain mantles). Results for the 4.27 um band of solid
CO, were reported earlier by Giirtler et al. (1996).

2. Observations and data reduction

The observations were carried out using the spectrophotometer
subsystem ISOPHOT-S. It consists of two low-resolution grat-
ing spectrometers covering the wavelength ranges 2.5-4.9 um
(PHT-SS) and 5.8-11.6 um (PHT-SL) and having a common
entrance aperture of 24" x 24”. Each channel has a linear
64-element array of Si:Ga detectors. The spectral band width
(FWHM) of a single detector is 0.0383 um for PHT-SS and
0.0918 um for PHT-SL, resulting in a mean 41/AA of about 95
for both channels. A more detailed description of ISOPHOT-S
has been given by Klaas et al. (1997).

The observations were performed between February 4,
1996 and August 2, 1997. One source, HH 100-IRS, was
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observed twice with an interlude of about 1.5 years. The ori-
entation of the aperture on the sky was quite similar.

The raw data were reduced using the standard procedures
of the PHT Interactive Analysis (PIA) software (version 9.0)!.
We used the so-called dynamic spectral response function cal-
ibration which takes care of signal transients during the expo-
sure. The absolute photometric accuracy of this method is bet-
ter than 10%, the uncertainty of the relative spectral shape is
better than 10%, too (Klaas et al. 2000).

The SWS spectra presented here were retrieved from the
ISO Data Archive (Kessler et al. 2000) after on-the-fly repro-
cessing with the automatic data reduction pipeline OLP V10.0
using the calibration data set CALG V7.0. The subsequent pro-
cessing of the Auto Analysis Results of the SWS full spectral
scans was done using ISAP 2 (Sturm et al. 1998). In ISAP we
followed the recipes given in Sturm (2000): bad data flagged
by the OLP were removed during read-in. The data were split
into the sub-spectra and only the relevant line tags 6 and 7
(5.24-12.60 um) were processed. After interactive removal of
outliers or occasional signal sets belonging to noisy detectors,
flat-fielding with the “preserving the mean” method was done.
Afterwards the spectra of all 12 detectors were averaged and
finally the resulting spectrum was smoothed with a Gaussian
filter with a width of 0.096 um to adjust the resolution to the
PHT-S spectra.

In Fig. 1 both sets of spectra are compared. The gen-
eral agreement is good. Remarkable differences appear for
W3:IRS5, W33 A, and possibly Cep A. Here, the SWS spectra
show a deeper silicate band while the level of the continuum
outside the silicate band appears only marginally lower. The
main reason is the different size of the field of view of both in-
struments (280 O versus 576 O”). In the case of AFGL 2591
the disagreement can be attributed to using deviating source
positions during the observations. A more detailed discussion
will be done in Sect. 4.

3. Extraction of the molecular ice bands

The main task in any search for the NHj3 inversion band is the
determination of the undisturbed silicate profile. Since the sil-
icate profile is not the same for all sources, we cannot use a
standard profile to extract any spectral band that may be super-
imposed. Neither is there any obvious way to model the actual
silicate profile with the necessary accuracy by means of labo-
ratory data.

We searched both the PHT-S and the SWS spectra by an
analogous procedure. To minimize the necessary assumptions,
we have resorted to a purely formal solution and approximated
the profile of the silicate band by fitting polynomials to it.
Indeed, this is the same procedure which was adopted by Lacy
et al. (1998) and Gibb et al. (2000). The laboratory data of

! PIA is a joint development by the ESA Astrophysics Division
and the ISOPHOT consortium led by the Max-Planck-Institut fiir
Astronomie (MPIA), Heidelberg.

2 The ISO Spectral Analysis Package (ISAP) is a joint develop-
ment by the LWS and SWS Instrument Teams and Data Centers.
Contributing institutes are CESR, IAS, IPAC, MPE, RAL and SRON.
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Fig. 1. Comparison of the PHT-SL spectra (thick solid line) with the SWS spectra (thin solid line). The SWS spectra are smoothed with a
Gaussian filter with a width of 0.096 um to mimic the spectral resolution of PHT-S spectra. A second PHT-S observation of HH 100-IRS is
shown by a dotted line. The low flux of the PHT-S spectrum of AFGL 2591 indicates a pointing off-set with respect to the SWS spectrum.

Lacy et al. (1998) suggest that the NH3 band extends from 8.5
to 9.5 um if these molecules are embedded in water ice. This
spectral region has, therefore, to be excluded from the fitting
procedure. The fitting was done to the logarithms of the flux
values versus a logarithmic wavelength scale. Using the loga-
rithms of the flux values in the fitting procedure takes advan-
tage of a certain similarity of the underlying silicate profile
without presuming a unique one. It cannot be expected to fit
a large part of the silicate band by this method if we do not use
polynomials of a very high order. However, these tend to lead to
unstable and oscillating fits. Care is necessary with the choice
of the wavelength intervals the fits are to be based on. After
some testing, we chose 8.2-8.6 and 9.4-9.8 um as the fitting
intervals and a 3rd order polynomial for processing the PHT-S
spectra and 8.4-8.6 and 9.4-9.6 um and a 4th order polynomial
for processing the SWS spectra. The fact that the 8.6-9.4 um
range is well matched by the fits in the spectra of those sources

for which we have independent indication that no ammonia fea-
ture is present provides confidence that our method is suitable
for this kind of analysis.

The NH; band region in the PHT-S and SWS spectra of
our sources are shown in Figs. 2 and 3, respectively. The band
is clearly seen in the PHT-S spectrum of W33A and may
be present in 3 additional sources (AFGL 2136, Cep A, and
Barnard 5). The SWS spectra confirm the results for W33A
and AFGL 2136, but show the band also in HH 100-IRS and
NGC 7538:IRS9. The Cep A spectrum is too noisy for giv-
ing convincing results. Central optical depths Tyy, for the band
were estimated and are given in Table 1.

The parameters of the extracted NH; band depend on the
order of the polynomial used and the range chosen to de-
termine the baseline for the NH3 band. For illustrative pur-
poses we use NGC 7538:IRS9 as an example. Strictly follow-
ing the procedure of Lacy et al. (1998) would mean choosing
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Fig. 2. Results of the analysis of PHT-S observations in the range around the NH; inversion band at 9.0 um. The upper panels show the PHT-SL
spectra with the fitted polynomials. In the lower panels we plotted the ratio of the interpolated to the observed flux. The dashed vertical lines

indicate the two fit ranges. (For details see the text.)

a polynomial of the first order and fitting it to the regions 8.4—
8.6 um and 9.4-9.6 um. Doing this, the PHT-S data do not
reveal a feature. However, it has to be noted that due to the
spectral resolution, either region includes 2 pixels of the PHT-
S array, which makes the baseline determination sensitive to
measurement uncertainties of individual pixels. Indeed, omit-
ting the deviating data point at 9.5 um results in an optical
depth of Tnu, =~ 0.1. If we wish to include some more pixels

on either side, we have to take the curvature of the silicate fea-
ture into account. Fitting a 2nd order polynomial to the regions
8.4-8.6 and 9.4-9.6 um results in a feature of vy, = 0.15.
Extending the fitting regions to 8.2-8.6, 9.4-9.8 um makes the
feature disappear. Fitting a polynomial of 3rd order to the re-
gions 8.2-8.6 and 9.4-9.8 um produces an excess in the band
region. Only broadening the interval 8.1-8.7 and 9.3-9.9 um



J. Giirtler et al.: Solid ammonia, methanol, and methane with ISOPHOT

1079

1000

100.0

1000

W3 IRSS W33A AFGL 2136
_ 100F _
i‘ 3 100F E
] 1ok w
1 . 10
1.6F . . . R . . . . 1.6F . . . . E
14f R Y P S
1_22\3 3 S BRI S S R N
5 1.0 : 210 AN 210 A
o8fF . . \ ® osf \/\/ N “ osf P
0.6F g 06F ! C\d 06F : : o
0.4F A 04F 1 ) C 04fF 1 ) L
1000 1000
AFGL 2591 S 140 NGC 7538 IRS9

s, [Yy]

100

10

S, [Yy]

1.6
141
121

B! 1.6F . . . . 9
B 1.4F . . . . |
] 1.2p . . . . |

o 2 2
5 1.0 5 1.0 5 1.0
& & : : : :
08F E 0.8F E 08fF : : oA
0.6F E 0.6F E 06F St
0.4F E 0.4F B 04F . . . oA
8.5 9.0 9.5
10.0 T 100 T Wavelength [um]
Cep A HH 100
5 T T
2 10f 4 = 10f E
(I)A [I)‘
0.1 1
1.6F . . . . E 1.6F . B
14F : : A 1.4F .
12F A 12F g
° : o :
310 3 1.0 I
@ o .

0.8 0.8

0.6F 0.6

0.4F

.5

8.5

YL

Wavelength [um]

9.0

Wavelength [um]

Fig. 3. Results of the analysis of the SWS observations in the range around the NHj inversion band at 9.0 um. Below a flux of 1 Jy the spectra
are relatively noisy and the smoothing produces wiggles, which are particularly pronounced in the spectrum of Cep A. The upper panels show
the SWS spectra with the fitted polynomials. In the lower panels we plotted the ratio of the interpolated to the observed flux. The dashed vertical

lines indicate the two fit ranges.

made the excess disappear. Choosing a polynomial of 4th or
the 5th order gave virtually the same result.

We estimate from such tests that the uncertainty of the op-
tical depth Tnp, derived from the PHT-S spectra is +£0.1.

For NGC 7538:IRS9 Lacy et al. (1998) found tnu, =~ 0.31,
while we see no feature in the PHT-S spectra. On the other
hand, we derived an optical depth for the NH; band in W33A
that is remarkably similar to the one given by Gibb et al. (2000).

We used the same procedure for a search for the CH;0OH
band at 9.7 um. We found this band in 5 sources. The spectra
are shown in Figs. 4 and 5, respectively. The derived optical
depths are listed in Table 1. Their uncertainty is of the order
of +0.1.

The procedure was also used to search for the band of solid
CHy4 at 7.7 um in the PHT-S spectra. Here the fit range was
7.3-7.6 and 7.8-8.1 um. The band was detected in 5 sources,
in two of them (Barnard 5 and HH 100-IRS) only tentatively.
The spectra are displayed in Fig. 6. The results were again

compared with the SWS spectra, which we display in Fig. 7.
Because of the smoother spectra and the generally higher flux
levels, the uncertainty of the optical depths is estimated at
+0.05.

4. Discussion

Laboratory work on interstellar ice analogues predicts the
broad 10 um band to be overlaid by the NH3; band around
9.0 um and the CH30H band at 9.7 um (d’Hendecourt &
Allamandola 1986). In addition, the signature of CHy ice is
expected at 7.7 um.

Our analysis of the PHT-S spectra presents clear evidence
of the NH3 band in one and traces of its presence in another 3
out of 10 sources investigated. Evidence of the CH3OH band
was found in 5 sources and of the CH4 band in 5 sources,
too. In Table 2 we give column densities of these three ice
components. The values were derived by using the integrated
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Table 1. Optical depths of the 9.0 um ammonia, 9.7 ym methanol, and 7.7 yum methane ice bands. Bad data which did not allow that meaningful
values were derived are marked by an asterisk. For more details see the text.

IRAS other TNH, TCH;0H TcH,
name name PHT-S SWS PHT-S SWS PHT-S SWS
02219+6152  W3:IRSS <01 <005 <o0.1 <01 <0.05 0.02
0344543242  Barnard 5 0.1 - <0.1 - 0.04 -
04263+2426  Elias 7=Haro 6-10 < 0.1 - <0.1 - < 0.05 -
18117-1753  W33A 0.3 0.56 0.25 0.62 0.1 0.11
18196-1331 AFGL 2136 0.1 0.07 0.25 022 <005 0.03
HH 100 (I) <0.1 0.04 0.15 <0.05 0.03 0.02
HH 100 (IT) <0.1 - 0.1 - 0.02 -
20275+4001  AFGL 2591 * <0.04 * <0.05 * 0.02
22176+6303  S140:IRS1 <0.1 <0.04 0.2 <0.05 <005 <001
22543+6145 Cep A 0.1 * 0.2 * 0.05 0.07
23118+6110 NGC 7538:IRS9 <0.1 0.15 <0.1 0.07 0.1 0.05
Table 2. Derived column densities of ammonia, methanol, and methane ice components.
IRAS other N(NH3) N(CH;0H) N(CHy)
name name [10Y7 cm™2] [10Y cm™2] [10Y7 cm™2]
PHT-S SWS PHT-S SWS PHT-S SWS
02219+6152  W3:IRS5 <4 <19 <2 <02 <06 023
03445+3242  Barnard 5 4 - <2 - 0.5 -
04263+2426  Elias 7=Haro 6-10 <4 - <2 - <0.6 -
18117-1753  W33A 12 22 5 13 1 1.3
18196-1331 AFGL 2136 4 2.7 5 4.6 <06 034
HH 100 <4 1.5 3 <0.1 0.3 0.22
20275+4001  AFGL 2591 * <15 * < 0.1 * 0.22
22176+6303  S140:IRS1 <4 <15 4 <01 <06 <0.1
22543+6145 Cep A 4 * 4 * 0.6 0.80
23118+6110 NGC 7538:IRS9 <4 6 <2 14 1 0.57
Table 3. Optical depths and/or column densities of gaseous ammonia, silicate dust, and various ice components.
IRAS other N,NH3) 79 Tmo  N(H0) s ng?g); Ref.
name name [10™ cm™2] [10'7 cm™2] i
02219+6152  W3:IRS5 0.3 7.64  3.00 54 0.030 0.13 (1),(2),0)
03445+3242  Barnard 5 <32 : 1.2 23 - - 1, %
04263+2426  Elias 7=Haro 6-10 2 1: 0.5 10 - - ®)
18117-1753  W33A 10 784 55 110 0.10 0.13  (6),(2), (7, (3)
18196-1331 AFGL 2136 - 507 32 50 0.022 016 (2,03
HH 100 (I) - 121 144 27 - - )
20275+4001  AFGL 2591 1.6 4.14 071 17 <0.012 0.094 (1),(2),(8),(3)
22176+6303  S140:IRS1 7.9 397 1.23 21.5 <0.010 020 (1),(2),(8),(3)
22543+6145 Cep A 3.8 7.5: 2.6 40 - - (10)
23118+6110 NGC 7538:1RS9 1.2 446 3.28 75 0.15 020 (10), (2), 3)

References: (1) Jijima et al. (1999); (2) Willner et al. (1982); (3) Gerakines et al. (1999); (4) Charley et al. (1990); (5) Anglada et al. (1989); (6)
Mauersberger et al. (1985); (7) Gibb et al. (2000) (8) Dartois & d’Hendecourt (2001) (9) Whittet et al. (1996); (10) Churchwell et al. (1990).

absorbances and full widths at half maximum measured by
Kerkhof et al. (1999) and d’Hendecourt & Allamandola (1986),
respectively. In Fig. 8 we compare the profile of the ex-
tracted NH3 bands with the laboratory spectrum given by Lacy
et al. (1998). Excess absorption seems to be present on the

long-wavelength side of the band. Similar additional absorption
(a “9.2 um feature”) was already noted by Gibb et al. (2000,
2001) and tentatively attributed to a crystalline or semicrys-
talline Mg-rich silicate component.

In the following, we will discuss the sources individually.
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W33A: all three bands we searched for were found in the
PHT-S spectrum and their presence was confirmed by the SWS
spectrum. As can be seen from Fig. 8, the profile of the NH;
band is in excellent agreement with the laboratory spectrum
reported by Lacy et al. (1998). From the PHT-S data we de-
rived significantly smaller optical depths than from the SWS
data. Our SWS result is consistent with the result of Gibb et al.
(2000) who found Tnu, = 0.45 + 0.10 from their analysis of

the SWS spectrum. One important reason for these differences
may be the different sizes of the field of view of the two in-
struments. The entrance area of the SWS instrument is 280 0",
the entrance area of PHT-S 576 O0”. As can be seen in Fig. 1,
PHT-S measured a higher flux than SWS all over the spec-
trum, with the largest differences within the features. For in-
stance, SWS has measured 1 Jy at the minimum of the silicate
band, whereas the PHT spectrum gives 2.3 Jy. The simplest
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explanation of these differences is that the source is extended
and the bands are markedly weaker in the additional flux re-
ceived by PHT-S. It is noteworthy that Lacy et al. (1998) were
unable to detect this band in their ground-based spectrum.
Within our sample, W33A is the source with both the deep-
est 9.0 um band and the deepest 3.08 um H,O band. Adopting
an integrated absorbance of A = 1.3 x 107!7 ¢cm molecule™!
and a full width at half maximum of Av;; = 50 cm™!
(d’Hendecourt & Allamandola 1986; Kerkhof et al. 1999), an
optical depth Tng, = 0.5, and an H,O ice column density of
1.1x10" cm™2 (Gibb et al. 2000) results in an N(NH3)/N(H,0)
ratio of 0.2. Laboratory spectra of H;O:NH3 = 1 : 0.25 mix-
tures show the depth of the 3.08 um H,O and 2.95 ym NHj3
bands at the same level. The PHT-S data cannot be used to
separate these bands. However, a comparison of the 3 um
features of W33A and Cep A (for which our data suggest a
N(NH3)/N(H,0) ratio of 0.1 only) points to the presence of ad-
ditional absorption at the short-wavelength wing in the case of
W33A (cf. Fig. 9). Thus, the shape of the 3 um feature in W33A

is qualitatively compatible with the NH3/H,O abundance ratio
derived from the 9.0 um band. It is worth mentioning that the
depth of the H,O ice band is affected by the different fields of
view of the PHT-S and SWS instruments in a similar way as
the depth of the silicate feature. Consequently its central opti-
cal depth is lower by a factor of about two in the PHT-S spectra.
While the optical depth of the superposed NHj; stretching band
also decreases, the effect does not wipe out the band from the
underlying H,O feature.

The CH30H abundance from our PHT-S and SWS data
is smaller than that derived by Dartois et al. (1999) from the
3.54 um band.

The CH4 band at 7.7 um is clearly present in our spectrum.
The optical depth agrees favourably with the result of Boogert
et al. (1996, 1998).

W3:IRS5: none of the bands were found in the PHT-S spec-
tra. This is in accordance with the SWS data, which show
only a very weak CH4 band with an maximum optical depth
Tcu, =~ 0.02. In spite of showing one of the deepest silicate
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Fig. 6. Results of the analysis of PHT-S observations in the range around the CH4 band at 7.7 um. The upper panels show the PHT-SL spectra
with the fitted polynomials. In the lower panels we plotted the ratio of the interpolated to the observed flux. The dashed vertical lines indicate
the two fit ranges. The dashed lines indicate the fit range from 7.3 to 7.6 and 7.8 to 8.1 pum.

bands of our sample, there is no indication of the “9.2 ym fea-
ture”. This fact was also mentioned by Gibb et al. (2001) and
argues against a simple correlation between this feature and the
amount of silicate dust along the line of sight.

If the PHT-S data are compared to the SWS data, we find
a favourable agreement of the flux levels shortward of 8.5 um,
while at the centre of the silicate band the PHT-S flux is higher

by a factor of ~2.7. We attribute most of this difference to the
different fields of view of the instruments. The infrared maps
presented by Hackwell et al. (1978) show that W3:IRS5 is ex-
tended at mid-IR wavelengths and that especially when observ-
ing at the centre of the silicate band, PHT-S is expected to re-
ceive additional flux.
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Fig.7. Results of the analysis of the SWS observations in the range around the CH4 band at 7.7 um. Below a flux of 1 Jy the spectra are
relatively noisy and the smoothing produces wiggles, which are particularly pronounced in the spectrum of Cep A. The upper panels show the
SWS spectra with the fitted polynomials. In the lower panels we plotted the ratio of the interpolated to the observed flux. The dashed vertical

lines indicate the two fit ranges.

Barnard 5: the profile of the weak NH3; band agrees well
with the laboratory spectrum (Fig. 8). Its depth implies an
N(NH3)/N(H;0) ratio of 0.07.

AFGL 2136: the data from PHT-S and SWS agree very well
between 7.5 and 12 um, which is the wavelength interval we are
most interested in. The NH3 band is very weak in both spectra,
but of a comparable depth. The observed PHT-S profile is not
fitted well by the laboratory spectrum (cf. Fig. 8). It seems to
be dominated by excess absorption around 9.2 um. Our SWS
spectrum shows this excess absorption, but to a lesser degree.
The optical depth Tny, estimated from the PHT-S spectrum is
very uncertain, but we found a similar depth from the SWS
spectrum. Gibb et al. (2001) derived an upper limit of Tnu, <
0.02, but their fit of the silicate profile is not fully convincing.

From ground-based spectroscopy Skinner et al. (1992) de-
tected the CH3OH band with an optical depth of 0.25. Our
spectra are compatible with this result. Skinner et al. (1992)
did not search for the NH3 band. Their silicate profile shows a

shoulder at 9.0 um which may be interpreted as an indication
of the NHj3 band. Its depth is compatible with our results.

The CH4 band is absent in the PHT-S data. In the SWS
spectrum the CH3OH band is very distinct with an optical depth
of ~0.2, whereas the CH, band is very weak.

HH 100—IRS: because both independent PHT-S spectra in-
dicate the presence of the CH3;OH band, the feature is probably
real. The methanol abundance derived from it agrees with the
upper limit by Dartois et al. (1999).

AFGL 2591: the flux level of the SWS spectrum is signif-
icantly higher than the flux level of the PHT-S spectrum. The
cause of it is that the positions used in the respective observa-
tions differ by ~11”. This off-set places the source at the very
edge of the PHT-S aperture, where the relative response cor-
rection does not compensate for the signal loss on the wing of
the beam profile. The weak NH3 band is probably an artefact.
It is not seen in the SWS spectrum. A weak CH4 band of com-
parable strength is seen in both spectra.
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S140:1RS1: both spectra agree well. There is an indication
of the methanol feature in the PHT-S spectrum whereas the
SWS spectrum shows a minimal dip at best. If this feature is
real, it implies a larger column density than the upper limit de-
rived by Dartois et al. (1999) from the 3.54 um band.

NGC 7538:IRS9: no NH; band was detected in our PHT-S
spectrum. This contradicts the results of Lacy et al. (1998),
who found 7y, = 0.31. As already discussed in Sect. 3,
one reason is that the spectrum grows more noisy beyond
9.0 um, which makes the polynomial fit very sensitive to the
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intervals the fit is based on. On the other hand, the SWS spec-
trum agrees excellently with the PHT-S spectrum. The depth of
the NH; band is estimated to be =0.15. Gibb et al. (2001) give
7nH; = 0.20+0.05 from their analysis of the SWS data. Thus, it
seems that the strength of this band was overestimated from the
ground-based data, possibly by an inappropriate approximation
of the silicate profile.

No methanol band is seen in the PHT-S spectrum. The weak
feature in the SWS spectrum implies a significantly smaller
methanol abundance than that derived by Allamandola et al.
(1992) from the 3.54 um band.

The CH4 band is clearly present. The CHy feature seen
in the SWS spectrum was already discussed by Boogert et al.
(1996, 1998).

Cep A: the PHT-S and SWS spectra agree very well.
However, the SWS spectrum is very noisy beyond 8.5 um. Cep
A shows a silicate band, whose depth is comparable with that in
W3:IRS5 and W33 A. The H,O ice band is only about half as
deep as that in W33 A is. At the bottom of the silicate band the
noise in the PHT-S spectrum is relatively large. Therefore, the
polynomial fit and, consequently, the optical depth of the NHj3
band are particularly uncertain. The observed profile agrees
well with the laboratory spectrum (Fig. 8). The small optical
depth of the NH; band goes well with the profile of the 3.08 um
H,O ice band. We have already mentioned that the shape of that
band does not seem to be influenced by the presence of NHj ice
(see Fig. 9) pointing to a clearly smaller NH3/H,O ratio than in
W33 A. The SWS spectrum does not allow to confirm this re-
sult. The CH3OH band seems to be present in the PHT-S spec-
trum. The CH4 band is seen in both spectra with comparable
strength.

In Table 3 we have compiled some data on the silicate
and various ice components present along the lines of sight to
our sources. Moreover, we have listed the column densities of
gaseous ammonia Ny (NH3).

Our results suggest that the abundance of NHj ice can be
comparable to that of CO,, i.e. 10-20% relative to water ice,
in some cases. This number does not agree with the upper
limit derived by Dartois & d’Hendecourt (2001) on the base
of their interpretation of the 3.47 um feature and lends support
to the objections by Gibb et al. (2001). However, our results
agree with the upper limits derived by Dartois & d’Hendecourt
(2001) from their modelling of the 3.08 um H,O band.

The methanol ice abundances we have derived from the
9.7 um band are in most cases smaller than those that were re-
ported from studies of the 3.54 um band. The maximum abun-
dances are about 10% relative to water ice.

The abundance of methane ice is always small, amounting
to 1-2% relative to water ice at best.

Our sample is evidently too small and the estimated optical
depths too uncertain to establish correlations among the various
ice components or with physical conditions. It is only obvious
that neither a deep silicate feature (signalling much dust) nor
a deep H,O band is sufficient for the presence of the NHj ice
feature. Different from solid CO and CO,, the abundance of
NHj ice is still elusive.

J. Giirtler et al.: Solid ammonia, methanol, and methane with ISOPHOT

5. Conclusions

We searched mid-infrared spectra of 10 deeply embedded stel-
lar objects for indications of the 9.0 um inversion band of solid
NH3;, the 9.7 um band of solid CH3OH, and the 7.7 um band of
solid CHy4 in spectra taken with the spectrophotometer PHT-
S aboard the Infrared Space Observatory (ISO). The results
were compared with spectra taken with the Short-Wavelength
Spectrophotometer (SWS) of the same satellite.

We have detected the NH; band in W33A and tentatively
in Barnard 5, AFGL 2136, and Cep A. The SWS data confirm
the results for W33A and AFGL 2136 and reveal the band in
HH 100-IRS and NGC 7538:IRS9.

The CH3;OH band was found in W33A, AFGL 2136,
HH 100-IRS, S140:IRS1, and Cep A. It was confirmed by
the SWS data for the first three sources and also seen in
NGC 7538:IRS9.

The search for the 7.7 um band of CH4 resulted in
five detections (Barnard 5, W33A, HH 100-IRS, Cep A,
NGC 7538:IRS9). The SWS data confirm all the detections and
add W3:IRS5 and AFGL 2591.

The good correspondence of the PHT-S and SWS findings
for relatively bright sources demonstrates the applicability of
our method and the complementary capabilities of the instru-
ments SWS (high spectral resolution) and PHT-S (high sensi-
tivity) on the Infrared Space Observatory.
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