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Abstract. Short Wavelength Spectrometer observations of tikpectra of ISO’s Short Wavelength Spectrometer (SWS) over
6.0 and 6.8:m absorption features towards the obscured youtige full wavelength region warrants a new investigation of these
stellar object NGC 7538: IRS9 are presented and compareddatures.
the features of a number of species measured in the solid phase. IWWe focus here on one object, the highly embedded massive
is found that while solid KO provides the bulk ofthegm band, YSO NGC 7538: IRS9, which shows some of the strongest
additional absorptionis required near 588 and 6.25:m. Itis  solid state absorption features (Tielens et al. 1991). SWS data
proposed that formic acid (HCOOH) is a plausible candidate favere obtained in the 5.3 — 8.8n region in the full grating mode
the blue excess, while the red excess could be related to the CAOT06). Being a point source (Willner etal. 1982), the original
stretching mode in aromatic structures. Subsequently, a numtasolution of the NGC 7538: IRS9 data was equal to the instru-
of candidates for the 6,8m band are reviewed. Unfortunatelymental resolution in this region (R 1600). To optimize S/N,
none of these appears to satisfy the observational constraih&sresolution was decreased to 600 by a Gaussian smoothing
and no plausible identification can at this point be presentedprocedure. In view of the considerable width of the 6.0 and 6.8
pm bands € 0.5um), this has no effect on the intrinsic shapes.
Key words: ISM: dust, extinction — ISM: molecules — infrared:The standard SWS flux calibration, as described by de Graauw
ISM: lines and bands — stars: pre-main-sequence — stars: irdial. (1996) and Schaeidt et al. (1996) was carried out. Treat-
vidual: NGC 7538: IRS9 ment of the individual up and down detector scans is described
in Boogert et al. 1996.

The spectrum is shown in Fig. 1. It clearly shows the broad
6.0 and 6.8:m absorption features as well as a sharper dip near
7.7 pm. For comparison the grating spectral response function
1. Introduction is also shown. There is no indication of residual structure in the

) ] ] spectrum related to this function. We carefully conclude that the
Low resolution airborne spectroscopy of luminous young stellgﬁape of the 6.0 and 6,8n absorption bands is robust.

objects (YSO's) shows two broad absorption features at 6.0 11,4 7.7um band has been identified with solid Gind is

and 6.8um (Tielens et al. 1984, Tielens & Allamandola 1987)yis\;ssed in another paper in this volume (Boogert et al. 1996).
The 6.0um feature has generally been assigned to the bendifghe following we discuss the broad bands on the basis of

mode of solid HO (Tielens & Allamandola 1987), which is 5 comparison with the features of various candidates as mea-
supported by the presence of thgdistretching mode atBm.  greq in laboratory simulation experiments. For details on the

Various assignments have been proposed for the@.®and, o, perimental procedures, see Gerakines et al. (1995).
but no candidate has gained general acceptance (e.g., Schutte

1996). Presently, the availability of high resolution, high S/N )
2. The continuum

Send offprint requests 19V.A. SCHUTTE . o .
* IS0 is an ESA project with instruments funded by ESA MemlINe baseline definition over the 5.25 — & region faces

ber States (especially the PI countries: France, Germany, the Net@&me proplems. While i_Ce or organic matrices ger!erally show
lands and the United Kingdom) and with the participation of ISAS arfé0 appreciable absorption blue of 5.6fn , the region 7.1—
NASA. 8.0 um does contain absorption bands. In particular, th® H
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Fig. 1. The upper curve shows the SWS AOTO06 observations of thég. 2. Optical depth plot obtained from the observations relative to
6.0 and 6.§:m towards NGC 7538: IRS9. Two baseline extremes atiee 359 K blackbody (Fig. 1). The 64m feature is compared to solid
shown, corresponding to 320 and 359 K black bodies. The gratiHgO at 10K, solid HCOOH at 10K, and to the sum of these spectra.
spectral response functions are shown below the observations.

bendi q d 74t (Hudai | 1993 1993). The baseline uncertainty tends to increase the discrep-
ir'll 'nr? mode ex.tlt.an S SUt ;0 um (Hu dg!ns e:]a. q 3 ncy (Section 2). Furthermore, calculations show that particle
while the 9.7um silicate band may extend into the red en hape effects are negligible for this feature. We conclude that

this region as well. In order to assess the resulting uncertai Naiti -
. . . itional components must contribute to the @ band.
in the 6.0 and 6.&m band shapes we defined baselines undaer P

two extreme assumptions (Fig. 1). First we used a 359 K blagko-r1h7e blue_rcralxcess.lt's ce'nte;]ed n?arl 5ut'E : ??: hgfoFWtH'\tA h
body. This curve runs through the 5 - 5uén region as well ™~ ** pm. This position 1S cnaracteristic of tne L.=4) Stretch-

as touches the observed spectrum at 780 It thus neglects ing mode in organic molecules. For amides (R-CQNtis

possible absorption at this position and its slope mighttheref(ﬂ]@de is too blue (5.98m). Furthermore, aldehydes (R-HCO,

be somewhat too shallow. The second extreme is represe &y HCO) give.a toc_) narrow band (FWHM O'.O7 -~ O./]th)..
by a 320 K black body. This curve follows the steep slope owever, organic acids (R-COOH) may provide a good fit to

the 5.25-5.6Q:m region, and hence stays considerably abothe glge exk;:es;. 'Ifhk:s;s iIIustrbgteddi? Fig. 2 Whglh sz?wsa'\fit of
the observed flux level at 7.50m. Indeed, a comparison with (e 6.0um band with the combine eatures ofBland formic

the overall SWSO01 spectrum (Whittet et al. 1996) suggests tﬁ‘ﬁld (HCOOH) at 10K. Using 2 band strength of 6.7 x 1cm

this continuum is somewhat too steep. The optical depth plé I—tirC]:eO((:):Ho sbtre.tch(;nfg mogg (I\Z/Iemhal |1%8(Q’ th; ab}? ndgnce
obtained by subtracting either baseline give very similar res ICOOH obtained from Fig. 2 equals @ %) of 0.
for the 6.8um feature. Furthermore no significant variation i lle higher organic acids should also be able to match the blue

observed for the blue wina and the peak position of theuéo EXCESS: it seems likely that the simplest acid, HCOOH, is most
v He wing P PoSH K dily produced. The column density of the®Hcomponent

in Ei —2
red wing of this band. It is considerably deeper for the 320 ] tTe 6.0pm band, as ﬁhﬁwn '? F|g.bz,.qua;ls 8.6310711 '
baseline, i.e., the 6.0m band appears in this case to be motd close agreement with the value obtained from thensfea-

extended towards the red. While keeping the uncertainty in &€ (Allamandola et al..1992). With a hydrogen column density
ping v ﬁH) =1.6 1G3cm~2 (Tielens et al. 1991), the4® abundance

extension and depth of the red wing in mind, we will use in t )

remainder the optical depth plot obtained by subtracting the n eqfuals > 1ﬁ5'380665'de§ th; Siﬁn;] Eand, ch?og h.a;

K blackbody for comparison with the laboratory data (Fig. 2).Strong eature.s.at 06 and gun, w Ich however bien wit
the HO and silicate features. In addition, it shows two weak

bands at peak strength 6f10 % of the 5.85:m feature at 3.87
3. Comparison with laboratory data and 7.23:m. A hint of the latter feature may perhaps be present

3.1. The 6.Qum feature in the obS(.arvat|or?s (Fig. 2). - .

Duetoitsrelatively large peak intensity (close to that of CO),
As discussed in Section 1, the Guén feature has previously particle shape effects could be of some importance if HCOOH
been ascribed to the bending mode of soligbHFig. 2 com- would reside in a rather pure formin interstellar ice. However, it
pares HO ice deposited at 10 K with NGC 7538: IRS9. It caappears likely thatthe HCOOH would rather be severely diluted,
be seen that, while the position of the interstellar feature is walhd in this case such effects should be negligible (Tielens et al.
matched by HO, the observed band is considerably broaddr991). Of course, in that case the intrinsic profile of the C=0
i.e., shows extra red and blue absorption. This discrepancy cstnetching mode may change somewhat. A full investigation of
not be remedied by warm-up of the ice (e.g., Hudgins et all these aspects of the HCOOH assignment of the blue excess
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ofthe 6.0um band, as well as a discussion of possible formation R N et

mechanisms, is deferred to a later paper. 0
The red excess is centeredab.25um and has a width of

~ 0.2 um. The position and width suggest that C-C stretching

modes of aromatic structures in carbonaceous solids might cen-

tribute. This would make this feature the absorption counterp@rt 2

of the well-known 6.2um PAH emission feature. The equiva-z

lent width of the red excess is 8 cm™%, implying that about é 3

20 % of C along the line-of-sight would be included in aromati€

structures (using N(C)/N(H) = 4 1@, N(H) = 1.6 163 cm=2 *

towards NGC 7538: IRS9 (Tielens et al. 1991), ang, = 2

101 cm/C atom (Schutte et al. 1993)). Such an abundance for ©[H:0 + HCOOH + CHOH  warm-up to 165K 1

carbonaceous solids appears reasonably consistent with models 55 6 65 v 75 8 85

of the refractory component of interstellar grains (Mathis et al. A (pm)

1983, Greenberg & Chlewicki 1983). It must be noted that the ] )

additional very broad aromatic C-C stretch near ¥ would Fig. 3.Acomparison of the 6.8m feature with the sum of the spectrum

- . of 10 K solid CHOH (from Hudgins et al. 1993) and the.@ +
be very hard to distinguish due to the presence of thq.f8 HFOOH combination spectrum of Fig. 2. Additionally, a comparison

band and the onset O,f the silicate absorption. At a reasona(g fhe 6.8um feature with the NE feature obtained by UV photolysis
degree of hydrogenation for such carbonaceous solids £4/Cyt 5 11,0/cO/NH; = 100/25/20 at 10 K, and after warm-up to 165 K.
0.2) the strength of the 3.3 and 1uB C-H modes would be

similar to the 6.2um band (Papoular et al. 1991, Guillois et
al. 1996) and could perhaps be observed with highly sensitstaoice of the continuum. Indeed, the 320 K baseline (Section
spectroscopy. Indeed, the detection of a feature near/3125 2) produces a 6.8m band which corresponds slightly better
which possibly corresponds with the aromatic C-H stretchingith the methanol feature, and an even steeper baseline would
mode was recently reported for a number of YSO's (Brooke etoduce further improvement. However, besides the imperfect
al. 1996, Sellgren et al. 1995). It must be noted that the strengthtch, an assignment to methanol faces serious problems with
of the red excess depends quite sensitively on the baseline defijard to the absence of additional features. The strength of
nition; with the 320 K baseline (section 2), its equivalent widtthe CH bending mode would require C-H and C-OH stretching
increases by approximately a factor of 2. modes near 3.54m and 9.7um of 7 = 0.5 and 1, respectively

In summary, we propose that the @t absorption feature (d’'Hendecourt & Allamandola 1986). Especially the Qi
is contributed by (at least) 3 different components, i.eQH feature, which is much narrower than the silicate band, should
an organic acid such as HCOOH, and a component responsh@éighly conspicuous but s clearly not observed anywhere near
for the red excess absorption, possibly a refractory carbotize required strength in the SWS01 scan of NGC 7538: IRS9
ceous solid. In this view ISO will likely reveal source to sourc@Nhittet et al. 1996). While Allamandola et al. (1992) detected
variations of the shape of the 6.fn feature. the methanol C-H stretch band, the corresponding abundance is
~ 4 times less than necessary to account for theuf&and.
Thus while CHOH contributes to the 6.8m band at the 25 %
level, most of it has to be carried by another species.
An obvious candidate for the 6,8n feature is the C-H defor-  An assignment to higher alcohols faces similar problems.
mation mode of organic species. While for R-£Rand R-CH Higher alcohols with R-CHl groups, e.g., ethanol, show a
groups the mode is too narrow, for alcohols (R-HCOH-R) tterong, sharp, deformation mode at 7,25, and can be ex-
feature broadens considerably due to the interaction betweerdineded. Thus, only species which have an -OH attached to every
CH and OH deformation modes. In particular §bH provided C atom appear possible. In a mixture gilBIHOCH,CH,OH ~
a fairly good match to earlier, low resolution Kuiper Airbornd.00/20, deposited at 10K, the feature falls@.90um, produc-
spectra (Tielens & Allamandola 1987, Tielens et al. 1984). ing a slightly worse fit than methanol. Moreover, like §€bH,

Fig. 3 shows a comparison of the 6.8n feature with higher alcohols show strong C-H and C-OH stretching modes
a composite spectrum produced by adding the compositar 3.4 and 9.xm, which should be highly conspicuous but
H,O/HCOOH spectrum (Fig. 2) to a spectrum of pure soligre not observed. We conclude that an assignment of the bulk
CH3O0H, deposited at 10 K (Hudgins et al. 1993). It can bef the interstellar 6.§:m feature to the CH bending modes in
seen that the methanol feature falls somewhat red of the inticohols can generally be excluded.
stellar band. The methanol feature does not shift in ices domi- Alternatively, it has been proposed that the 6r8 feature
nated by HO, giving an equally imperfect match (Hudgins et amay originate in interstellar carbonates (e.g.; MgC&andford
1993). The discrepancy can neither be remedied through wagrWalker 1985). However, carbonates show an additional fea-
up, or by diluting with apolar material, e.g., no shift is seen fdure near 11.um, at approximately half the peak strength, but
H,O/CH;OH/CO, = 100/40/60. Perhaps the imperfect matcith a considerably smaller width (FWHM 0.15m; Sand-
of the red wing reflects to some extent the uncertainty in tferd & Walker 1985). This band should be superimposed on

LY
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3.2. The 6.8:m feature
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tion is the absence of absorptions due to suitable counteridr@Roular R., Reynaud C., Nenner I., 1991, A&A 247, 215
In the photolyzed residues, the 6.33 and 7.1 bands are Sandford S.A., Walker R.M., 1985, ApJ 291, 838
attributed to a counterion, HCOOThis is a very general prob- Schaeidt et al., 1996, this volume

lem. All ions have strong features, e.g., NONO;, and NG chLgt?e W.A,, Tielens A.G.G.M., Allamandola L.J., 1993, ApJ 415,
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In summary, the availability of full ISO spectra allows usielens A.CF-:).G.M., Tokunaga A.T., Geballe T.R., Baas F., 1991, ApJ
to scrutinize a number of proposed assignments for th@i®.8 381, 181
band. It is found that no satisfactory candidates are presemlyiittet D.C.B., Schutte W.A., Tielens A.G.G.M,, et al., 1996, this
available. The observational constraints are nevertheless quiteolume
stringent. First, the carrier has no other strong features, sirYé#iner S.P., Gillett F.C., Herter T.L., et al., 1982, ApJ 253, 174.
no additional unidentified bands of comparable intensity are
observed (Whittet et al. 1996). Second, the feature appears to
correlate with the 6.Qum band rather than with the silicate
feature, suggesting an origin in the icy grain mantles (Tielens &
Allamandola 1987). If the feature originates in ice, the carrier
must be an abundant constituent. For a typical infrared band
strength of 1 1017 cm, its abundance would be 30 % o5®L
Clarifying the nature of the 6.8m absorption feature remains
one of the major challenges in the study of interstellar ices.
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