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4
Trace molecular species in

interstellar ices: the 5—8�m
spectrum of the protostar W 33A

Submitted to A&A as J.V. Keane, W.A. Schutte, A.G.G.M. Tielens, A&A, (2001)

Abstract

Spectral signatures of the carriers of the weak 7.2 and 7.4�m bands observed
towards the high mass embedded protostarsW33A and GL 7009s are examined
over the complete 5–8�m region. These bands have been assigned to formic
acid (HCOOH), the formate ion (HCOO�), and/or acetaldehyde (CH3HCO).
We have investigated the infrared spectral characteristics of these species in real-
istic interstellar ice analogs over the 5–8�m region. Each of these species show
several bands in this wavelength region. Comparison with the interstellar spectra
support the assignment of the 7.2 and 7.4�m bands to HCOOH andHCOO�.
We discuss the chemical origin of these species and suggest that HCOOH is a
product of hydrogenation and oxidation of CO.HCOO� may reflect an acid-
base reaction withNH3 at low temperatures.
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4.1 Introduction

WITH the advent of the Infrared Space Observatory (ISO) the composition of icy grain
mantles in the environments surrounding embedded protostellar object has been an-

alyzed in unprecedented detail (Ehrenfreund & Schutte 2000 for an indepth review). By
comparing the interstellar spectra with spectra of astrophysical ice analogs obtained under
simulated space conditions a variety of frozen molecules were clearly identified, including
CH4, 13CO2, 12CO2, HCOOH and H2CO (Boogert et al. 1997; Gerakines et al. 1999;
Schutte et al. 1996; Gibb et al. 2000; Keane et al. 2001a). Ground-based observations had
already established the presence ofH2O, CO,CH3OH, and OCS in the interstellar mantles
(Willner et al. 1982; Tielens et al 1991; Schutte et al. 1991; Geballe et al. 1985).

To a large extent the composition of icy grain mantles reflects the chemical conditions
as gas phase molecules can accrete onto the grains and become incorporated into the icy
mantles. Not only do the grains act as a sink for gas phase molecules but they also serve
as a medium for the formation of new species through grain surface reactions (Tielens &
Allamandola 1987). Eventually, as the surrounding environment is heated by the evolution
of the protostellar object the molecules are released back into the gas phase according to
their sublimation temperature. Ultimately, the fate of the icy mantles in star-forming regions
governs the chemical evolution of young stellar objects and their environments (Charnley et
al. 1992; Caselli et al. 1993). Therefore, it is essential to obtain a thorough inventory of their
composition.

Two weak absorption features centred at 7.2�m and 7.4�m are present in the spectrum
of the high-mass young stellar objectW33A. The positions of these band are characteristic
of the CH deformation modes of organic molecules. Schutte et al. (1999) spectroscopi-
cally studied a number of possible carriers embedded in low-temperature astrophysical ice
analogs and narrowed down the potential candidates to three species: formic acid (HCOOH),
acetaldehyde (CH3HCO) and the formate ion (HCOO�). In addition to having features at
7.2�m and/or 7.4�m, these molecules have (strong) features between 5.5 and 6.5�m. The
purpose of this paper is to examine the complete 5.5–8�m region ofW33A in order to
spectroscopically verify the presence of these species.

The layout of thisChapter is as follows. We briefly summarize the reduction procedure
in Sect. 4.2 and in Sect. 4.3 present the detected absorption features. In Sect. 4.4 possible
carriers of the interstellar 7.2�m and 7.4�m features embedded in astrophysical ice analogs
are compared to the spectrum ofW33A. Sect. 4.5 discusses the likely chemical formation
scenarios for each of the carriers and we summarize the results in Sect. 4.6.

4.2 Observations

A high resolution (R = �=�� > 1500) grating mode observation of the 5–8�m region of
W33A and a moderate resolution (R ' 1000) observation of GL 7009 were obtained with
the short wavelength spectrometer onboardISO (de Graauw et al. 1996). Previous studies
have analyzed the main absorption features in the ISO-SWS spectra observed towards these
sources (d’Hendecourt et al. 1996; Gibb et al. 2000; Keane et al. 2001a). For this study, the
data have been re-reduced with latest reduction package OLP 10 of the SWS-pipeline which
incorporates the most recent calibration files. All detector scans were checked and corrected
for dark current memory effects and detector response residuals. Clipping all points that
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Figure 4.1— ISO-SWS 5.5 to
8�m spectra observed towards the
massive embedded proto-stellar ob-
jects W 33A and GL 7009. The
dashed curves indicate local 3rd or-
der polynomials adopted as base-
lines.

deviate by 3� or more ensured that hits due to cosmic rays were also removed. Figure 4.1
shows the fully reduced spectra.

4.3 The absorption features

To allow a general comparison of the 5–8�m interstellar spectra ofW33A andGL7009S,
a local 3rd order polynomial extending from 5.3�m to 8�m was adopted as the continuum
(dashed lines in Fig. 4.1) which neglects any contributions from emission or absorption
bands lying beyond 8�m. In the case ofW33A, a local continuum was adopted for the
7—7.5�m range (Fig. 4.1; solid line) in order to study the profiles of the weak absorption
bands near 7.2�m and 7.4�m. This approach reduces possible contamination of the 7.4�m
band by the long wavelength wing of the 6.8�m band and the short wavelength wing of the
7.6�m CH4 absorption band (Boogert et al. 1997). The optical depth spectra ofW33A and
GL7009S, shown in Figure 4.2a, closely resemble each other with deep absorptions at 6.0,
6.85, and 7.6�m which have been extensively studied before (Boogert et al. 1996; Dartois
et al. 1998; Gibb et al. 2000; Keane et al. 2001a). In addition,W33A has two clear weak
absorption features centered at 7.2�m and 7.4�m which were previously studied by Schutte
et al. (1999). Careful examination of the same wavelength region inGL7009S does not
reveal the presence of a feature near 7.4�m but there is an indication of very weak absorption
near 7.2�m. Nevertheless, due to the lower spectral resolution the absorption profile is poorly
defined and thus its reality is uncertain. A number of other high mass embedded protostars
show spectral structure between 7.2�m and 7.5�m but in view of an accompanying narrow



58 Chapter 4: Trace molecular species in interstellar ices

absorption at 7.35�m this structure has been identified with the Q, P, and R branches of
gas-phase SO2 (Keane et al. 2001b).

Figure 4.2a also shows laboratoryH2O fits (dashed lines) to the interstellar 6.0�m fea-
ture. These assume that the bulk of the 6.0�m band is due to H2O. Comparison with the
strength of the 3.0�m H2O feature suggested that forW33A the bulk of the 6.0�m band
might actually be due to other species (Keane et al. 2001a; Gibb et al. 2000). This may also
be the case forGL7009S, however, since the 3.0�m band of this source is not yet observed
this cannot be verified. Thus while this procedure may overestimate the contribution ofH 2O

to the 6.0�m feature, it serves to better reveal several superimposed narrow absorption fea-
tures. Figure 4.2b compares the residual absorption bands ofW33A andGL7009S. W33A

shows two absorption components around 5.85�m. A narrow absorption near 5.85�m which
is also very apparent inGL7009S, and an underlying broad component extending to about
6.1�m (Keane et al. 2001a). Furthermore,W33A has a broad absorption centered around
6.3�m (see Fig. 4.2b). However, it should be remembered that the strengths and shapes
of the residual absorptions are very sensitive to the amount ofH 2O ice subtracted from the
6.0�m band.

4.4 Comparison to laboratory data

The 7.2�m and 7.4�m interstellar absorption bands lie in the wavelength region character-
istic for the CH deformation modes of organic species. Schutte et al. (1999) narrowed down
the number of candidates by comparing the observed 7–8�m spectrum with literature spectra
of organic molecules at room temperature. In a second elimination round, spectroscopy was
obtained of the remaining candidates under astrophysically relevant conditions, i.e., embed-
ded in interstellar ice analogs. The outcome of this process features formic acid (HCOOH) as
the main candidate for the 7.2�m and two possible candidates for the 7.4�m band, namely
acetaldehyde (CH3HCO) and the formate ion (HCOO�). Figure 4.3 summarizes the peak
position and width of the 7.2�m band of HCOOH and the 7.4�m bands ofCH 3HCO and
HCOO� in various laboratory mixtures at 12 K and subsequent warm-up. In this study we
investigate the spectral signatures of these candidates over the complete 5–8�m range.

4.4.1 The 7.2 �m interstellar feature

Figure 4.3a summarizes the spectral behaviour of the CH deformation mode of HCOOH
embedded in a number of laboratory ice analogs. Pure HCOOH is not shown as the FWHM
is �40cm�1 over the entire temperature range (12 K–80 K). In general, all the HCOOH
laboratory mixtures give a good match to the spectral characteristics of the interstellar 7.2�m
band, provided that the HCOOH is sufficiently diluted. TheH2O/HCOOH mixtures only
approximate the interstellar band if they are heated to 80 K or more.

The 7.2�m (1383cm�1) feature in laboratory mixtures ofH2O/NH3/HCOOH and
H2O/NH3/N2H4 resembles the interstellar feature. However, since the laboratory mixtures
contain both an acid (HCOOH) and a base (NH3), HCOO� and NH+4 are formed by acid-
base chemistry (Schutte et al. 1999).HCOO� also has a feature at 7.2�m and therefore,
in these mixtures the 7.2�m band is generally a superposition of bands due to HCOOH and
HCOO�. In addition,HCOO� has a feature at 7.4�mwhich is twice as strong as the 7.2�m
band in both of theHCOO� producing mixtures. This feature is, in fact, a good candidate for



4.4. Comparison to laboratory data 59

Figure 4.2— The left panel(a) shows the optical depth profiles of the 5–8�m region for W 33A andGL7009S
derived by subtracting the dashed-baselines shown in Fig. 1. The laboratoryH2O profiles (dashed lines) fitted to the
6.0�m feature are also shown. The right panel(b) reveals the residual absorption features that lie in the 5.5–6.5�m

region after the water has been subtracted from the 6.0�m band, indicated by the dashed lines. The positions of the
7.2�m and 7.4�m features are labeled by the solid vertical lines. The dotted line denotes the solid state methane
(CH4) absorption band (Boogert et al. 1996, 1998).

the interstellar 7.4�m band (see Sect. 4.4.2). Since forW33A, the 7.2�m and 7.4�m bands
are of similar intensity,HCOO� could provide at most 50 % of the 7.2�m feature. The labo-
ratory data are summarized in Figure 4.3a is limited to spectra for which the intensity ratio of
the 7.2 over 7.4�m band is consistent with that ofW33A, i.e., >

�
1. In this case 50 % or more

of the laboratory 7.2�m feature is due to HCOOH. Since in the presence ofNH 3 the HCOOH
during warm-up quickly converts toHCOO� (Schutte et al. 1999), this condition is only met
at T <

�
50 K for theH2O/NH3/HCOOH mixture and at T<

�
80 K for theH2O/HCOOH/N2H4

mixture. As an example, the inset in Fig. 4.4 compares the interstellar 7.2�m feature with
the CH deformation mode of HCOOH in theH2O/CH3OH/HCOOH = 100/40/12 mixture at
12 K (dashed line). The laboratory band provides a close match to the interstellar feature.
Adopting a band strength of 2.6�10�18 cm molec.�1 for the 7.2�m HCOOH band (Schutte
et al. 1999), a column density of 6.5�1017 cm�2 is derived. This corresponds to an abun-
dance of 6 % relative toH2O ice (using anH2O column density of 1.1�1019 cm�2 towards
W33A; Gibb et al. 2000).

The inset in Fig. 4.5 compares the 7.2�m feature in the mixtureH 2O/NH3/HCOOH at
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Figure 4.3— The peak position versus full width half maximum (FWHM) variations of various heated laboratory
mixtures. The solid dots indicate indicate the highest temperatures (�80 K) of the mixtures and the crosses indicate
the parameters of the interstellar features seen towards W 33A. Panel(a) compares the 7.2�m HCOOH ice band
in different mixtures with the position and width of the interstellar 7.2�m feature. The spectral characteristics of
7.2�m band of theH2O/NH3/HCOOH mixture showed little, if no variation, upon warm-up and is designated by
the diamond. Panel(b) compares the 7.4�m bands ofCH3HCO (grey lines) andHCOO� with the interstellar
7.4�m feature.

12 K and at 80 K with theW33A band. We note again that in these mixtures the 7.2�m
band generally is a combination of features due to HCOOH andHCOO�. Warm-up to
80 K causes almost full conversion of the HCOOH toHCOO�, as can be monitored from
the disappearance of the HCOOH 1220cm�1 feature (8.2�m ; Schutte et al. 1999). The
12 K spectrum, in which a significant amount of HCOOH is still present, gives a good match
to the profile of the 7.2�m band as well as to the relative intensity of the 7.2 and 7.4�m
features. In the 80 K spectrum, in which almost all the HCOOH is converted toHCOO�,
the 7.2/7.4 intensity ratio corresponds toHCOO� only and is about half the observed ratio.
Thus, if the interstellar feature is indeed a combination of the 7.2�m bands of HCOOH and
HCOO�, the observed relative intensity of the 7.2 and 7.4�m features shows 50 % of the
7.2�m band would be provided byHCOO�, and the other 50 % by HCOOH. In this case
the HCOOH column density would therefore equal half of the value that was derived above
under the assumption that the entire band is do to this molecule, i.e, 3.2�1017 cm�2. This
corresponds to an abundance of 3 % relative toH2O.
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Figure 4.4— Comparison of theH2O subtracted laboratory mixtureH2O/CH3OH/HCOOH at 12 K (solid line),
set by the maximum depth of the 7.4�m band, with the full 5–8�m spectral region ofW33A. The bands at
5.85�m and 7.2�m are due to HCOOH, and the structure near 6.8�m is due toCH3OH. In order to ”match” the
interstellar 6.0�m band,H2O is added to the laboratory mixture (i.e., the solid line) and the combined spectrum is
denoted by the dashed lined. The inset is a magnification of the laboratory fit to the interstellar 7.4�m feature.

Matching HCOOH to the interstellar 7.2�m band implies that there will also be a spectral
signature of HCOOH near 5.85�m (1709cm�1) due to the C=O stretching mode. This
feature is�10 times stronger than the 7.2�m feature. To search for this band, Figs. 4.4 and
4.5 compare the overall 5–8�m spectrum with the laboratory spectra. It has been previously
suggested that this HCOOH feature is present in the 6.0�m band ofW33A (Schutte et
al. 1996; Keane et al. 2001a). Figure 4.4 shows the 5.85�m HCOOH band (solid line)
that results from the fit to the 7.2�m assuming that the entire band is due to HCOOH. In
order to match the interstellar 6.0�m,H2O is then added to the HCOOH fit and the resulting
spectrum is represented by the dashed-line (Fig. 4.4). At face value, the intensity of this mode
which needs to be present if the entire 7.2�m band is ascribed to HCOOH is too large to
be consistent with the interstellar spectrum. However, we note that this apparent discrepancy
may be caused by an overestimate of the contribution ofH 2O to the 6.0�m feature (Sect. 4.3).
If, on the other hand, HCOOH only contributes to half of the 7.2�m band, then the strength of
the 5.85�m band is also reduced. In this case, the fit to the interstellar 6.0�m is significantly
better and is more consistent with the interstellar spectrum.
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Figure 4.5— Comparison of the laboratory mixtureH2O/HCOOH/NH3 at 12 K (dashed line) and 80 K (solid
line), set by the of the 7.4�m feature, with the full 5–8�m spectral region ofW33A. The features at 6.3�m,
7.4�m , and part of the 7.2�m band are due toHCOO�. The structure around 5.9�m is attributed to HCOOH.
The grey lines represent the fits to the interstellar 6.0�m band achieved by combiningH2O with the corresponding
HCOOH/NH3 laboratory mixtures. The inset is a magnification of the match to the interstellar 7.4�m feature by
HCOO�and also shows the contribution fo the formate ion (combined with HCOOH) to the interstellar 7.2�m

band.

4.4.2 The 7.4 �m interstellar feature

Formate ion

The formate ion (HCOO�) was produced in situ by low temperature acid-base reactions in-
volving formic acid (HCOOH) and eitherNH3 or N2H4 and we refer the reader to Schutte et
al. (1999) and Boudin et al. (1998) for a more detailed explanation. The 7.4�m (1350cm �1)
�(C-O) feature ofHCOO� is rather sensitive to the composition and temperature of the
ice mixture (Fig. 4.3b). WithNH3, the peak shifts 5cm�1 during warm-up, but no shift
is observed with N2H4. In the presence ofCH3OH, theHCOO� band shifts to shorter
wavelengths and no longer provides a match to the interstellar 7.4�m feature. Figure 4.3b
demonstrates that the position and width of theHCOO� band are highly variable and only
one of our laboratory mixtures (H2O/HCOOH/NH3) falls within the errorbars of the inter-
stellar band. The inset in Figure 4.5 shows the fit to the interstellar band byHCOO� in
theH2O/HCOOH/NH3 mixture at 12 K (dashed line) and at 80 K (solid line). With a band
strength of 1.7�10�17 cm molec.�1 for the 7.4�m band ofHCOO�(Schutte et al. 1999),
a column density of 7�1016 cm�2 is derived. This corresponds to an abundance of 0.6 %
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relative toH2O ice (using anH2O column density of 1.1� 1019 cm�2; Gibb et al. 2000).

Within the 5.5–8�m spectral regionHCOO� has an additional band near 6.3�m
(1587cm�1). A feature around 6.3�m is weakly visible in the spectrum ofW33A superim-
posed on the 6.0�m band (Fig. 4.2a; Keane et al. 2001a), after theH 2O has been subtracted
from the 6.0�m band (Fig. 4.2b). Figure 4.5 shows the complete 5–8�m spectrum of the
laboratoryH2O/HCOOH/NH3mixture which provides the bestHCOO� fit to the 7.4�m
interstellar feature. TheHCOO� band produced at 12 K (dashed line) near 6.3�m has a
profile similar to that of the interstellar 6.3�m band, though the width of the laboratory band
is narrower. Upon warm-up the laboratory feature strengthens and broadens slightly (solid
line), producing a reasonably good fit to the the red wing of the interstellar 6.0�m band of
W33A. In fact, theH2O/HCOOH/NH3 laboratory mixture manages to successfully account
for the 6.3�m and 7.4�m features and part of the 5.85�m and 7.2�m absorption bands. If
HCOO� is the carrier of the interstellar 7.4�m band then signatures of counter ions must
also be present in order to maintain charge balance. NH+

4
is the counter ion produced through

these reactions and has a band at 6.8�m which is similar in position to an interstellar band.
The spectral main signature of NH+4 at 6.8�m has little influence on the spectrum since the
band is weak and is therefore consistent with the interstellar data.

Acetaldehyde

Figure 4.3b clearly shows that allCH3HCO containing laboratory mixtures (grey scale) have
peak positions that lie close to the interstellar band and which also do not change signif-
icantly upon warm-up. At 12 K, the FWHM of the laboratory band approximates that of
the interstellar feature but upon warm-up the FWHM narrows considerably. Of the four
CH3HCO mixtures investigated, the laboratory mixture ofH2O/CH3OH/CH3HCO at 12 K
best approximates the parameters of the interstellar 7.4�m feature. A comparison of the
H2O/CH3OH/CH3HCO laboratory mixture (dashed line) to the 7.4�m interstellar feature
is shown in the inset of Figure 4.6. Both the position and the width of the interstellar feature
are well fitted by the 7.4�m (1350cm�1) CH3HCO band, though the laboratory band is
slightly narrower (Fig. 4.3b). Adopting a band strength of 1.5�10�18 cm molec.�1 for the
7.4�m (1350cm�1) acetaldehyde band (Schutte et al. 1999), a column density of 8�1017

cm�2 is derived, corresponding to an abundance of 7 % relative toH 2O.

Relative to the 7.4�m CH deformation band, acetaldehyde also has a band,�2.3 times
stronger, near 5.85�m (1709cm�1), which is similar in position to an existing interstellar
absorption band. Figure 4.6 examines this feature by comparing the overall 5–8�m spectrum
with the laboratory spectrum. The solid line represents theCH3HCO mixture as determined
by the best fit to the interstellar 7.4�m band and the dashed line shows the fit to the interstellar
6.0 �m band that is achieved by addingH2O. This approach highlights thatCH3HCO could
be deemed to be consistent with the interstellar data (Fig. 4.6), but that the interstellar 6.3 and
7.2�m bands remain unaccounted for.

4.5 Discussion

4.5.1 Comparison of the 5–8�m region of W 33A with GL 7009S

Comparison of the spectra ofW33A andGL7009S could further elucidate the carriers of
the various weak features in this region from the (non-) correlations between their intensities.
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Figure 4.6— Comparison of theH2O subtracted laboratory mixtureH2O/CH3OH/CH3HCO (solid line) at
12 K, which is set by the maximum depth of the 7.4�m feature, with the full 5–8�m spectral region ofW33A.
The features near 5.85�m and 7.4�m are due toCH3HCO. The dashed line represents the fit to the interstellar
6.0�m achieved by combiningH2O with theCH3HCOmixture (solid line). The inset is a magnification of the
laboratory fit to the interstellar 7.4�m feature.

Relative toW33A, GL7009S has a strong 5.85�m feature and a weak 6.3�m absorption
band. There is no clear evidence for the 7.2�m and 7.4�m absorption bands. Hence the
carrier(s) of the 7.2 and 7.4�m features can at best be only minor contributors to the 5.85�m
band, but they might dominate the 6.3�m band. Therefore, comparison of theW33A and
GL7009S spectra shows that the 5.85 and 7.4�m features do not correlate. This would imply,
that while the intensity of the 5.85�m feature ofW33A is consistent withCH3HCO being
the carrier of the 7.4�m band, this band cannot be regarded as additional evidence for its
presence. On the other hand, the comparison reveals that there is a correlation between the
6.3 and 7.4�m bands. Besides the 7.4�m band, the feature at 6.3�m in the W33A spectrum
could also be ascribed toHCOO�. In addition, an assignment ofHCOO� implies that
HCOOH must also be present, or elseHCOO� could not have been formed. Hence, fitting
the 7.4�m absorption feature ofW33A with HCOO� not only matches the 6.3�m feature
but also the 7.2�m absorption band. Simultaneously matching three absorption bands in this
manner lends support to the presence ofHCOO�, at least in the case ofW33A.
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4.5.2 The chemical formation pathways

Chemical reactions based upon the hydrogenation of CO on grain surfaces have been pro-
posed as chemical pathways for many species including HCOOH andCH 3HCO (Tielens
& Hagen 1982; Tielens & Allamandola 1987). The radical HCO is the controlling step in
the reactions and due to the abundant nature of atomic hydrogen, the likely progression of
the chemical pathway is to formH2CO through the addition of another hydrogen. HCOOH
is also believed to be formed through the same chemical pathway, but in this case atomic
oxygen must react with HCO and with the addition of an hydrogen the chemical route is
completed. The derived HCOOH column density (Sect. 4.4.1) implies an abundance of 3–
6%, which compared to the abundances ofCH3HCO andH2CO indicates that the route to
HCOOH is just as efficient. A route forCH3HCO formation is for atomic C to combine
with HCO followed by the addition of 3 atomic hydrogens. The column density derived for
CH3HCO in W33A, in Sect. 4.2.2, corresponds to an abundance of�7% relative to the
H2O column density. TheH2CO towardW33A is�2% (Keane et al. 2001a), though this
must be reduced by a half ifCH3HCO is contributing to the C=O stretch (see Sect. 4.5.1).
Hence this assignment would imply that there is moreCH3HCO thanH2CO in W33A and
consequently this means that the HCO radical can as readily react with C as it does with H.
If this is the case then there must be a high abundance of atomic C. However, CO tends to
lock-up a significant portion of the atomic C and this must somehow be destroyed in order to
free up the carbon (i.e. cosmic rays; Gredel et al. 1989). A knock-on effect would then ensue
asH2CO will proceed toCH3OH andCH3HCO to CH3CH2OH (Charnley et al. 1992) and
therefore the relative abundance ofH2CO to CH3HCO is directly coupled to the relative
reaction probability of H with the two aldehydes. Hence, the formation ofCH 3HCO is not
ruled out but the efficiency of this chemical pathway awaits confirmation through laboratory
studies of surface reaction-rates.

Adopting the column density derived forHCOO� in Sect. 4.2 implies an abundance
of �0.6%.HCOO� can be formed through simple acid-base chemistry involving HCOOH
andNH3 (Schutte et al. 1999). Though warm-up of the laboratory analog increases the
production ofHCOO�, it is clear that at 12 K there is already someHCOO� formed (Sect.
4.2.1, Fig. 5). Both HCOOH andNH3 have been tentatively identified inW33A and there
is growing evidence of their presence in other sources (Gibb et al. 2000; Lacy et al. 1998;
Keane et al. 2001a). Therefore, our present knowledge of the composition of the ices in
circumstellar regions is fully consistent with the presence of both these parent molecules.
We thus conclude thatHCOO� is a viable candidate for the 7.4�m band within our present
understanding of the chemistry of interstellar ices.

4.6 Conclusions

We have analyzed the full 5–8�m spectrum ofW33A and searched for spectral signatures
of proposed carriers of the 7.2�m and 7.4�m interstellar absorption features. The CH defor-
mation mode of formic acid (HCOOH) is a good candidate for the 7.2�m band. Both the po-
sition and the width of the interstellar band are well matched by laboratory mixtures in which
the HCOOH has been diluted. The strong 5.85�m C=O stretching mode of HCOOH could
be responsible for part of the interstellar 6.0�m absorption feature. The derived HCOOH
abundance is 3–6 %. A factor 2 uncertainty is caused by a possible contribution ofHCOO�,
since if this species is responsible for the 7.4�m band, it will contribute about 50 % of the



66 Chapter 4: Trace molecular species in interstellar ices

7.2�m feature.

A comparison of the spectra ofCH3HCO andHCOO� with the spectrum ofW33A over
the entire 5–8�m range has not conclusively revealed which of these two candidates should
be assigned as the carrier of the 7.4�m band. It must be noted however that besides the
7.4�m band, a feature at 6.3�m is present in theW33A spectrum which could be ascribed
toHCOO�. On the other hand, while an assignment of the 7.4�m feature to the CH bending
mode ofCH3HCO is consistent with theW33A 5–8�m spectrum, there is no additional
spectroscopic support for the presence of this molecule. The new spectroscopic data therefore
seem to support an assignment of the 7.4�m band toHCOO� rather than toCH3HCO. From
an astrochemical viewpoint, there are viable chemical routes for both carriers in interstellar
ices.


