Astron. Astrophys. 337, 261-274 (1998) ASTRONOMY
AND
ASTROPHYSICS

ISO-SWS observations of infrared absorption bands of the diffuse
interstellar medium: The 6.2 um feature of aromatic compound$

W.A. Schutte!, K.A.van der Hucht?, D.C.B. Whittet?, A.C.A. Boogert*, A.G.G.M. Tielens', P.W. Morris®,
J.M. Greenberg!, P.M. Williams®, E.F. van Dishoeck, J.E. Chiar?, and Th. de Graauw?

Leiden Observatory, P.O. Box 9513, 2300 RA Leiden, The Netherlands

Space Research Organization Netherlands, Sorbonnelaan 2, 3584 CA Utrecht, The Netherlands

Department of Physics, Applied Physics and Astronomy, Rensselaer Polytechnic Institute, Troy, NY 12180, USA
Kapteyn Astronomical Institute, P.O. Box 800, 9700 AV Groningen, The Netherlands

ISO Science Operations Centre, ESA Astrophysics Division, VILSPA, P.O. Box 50727, E-28080 Madrid, Spain
Royal Observatory, Blackford Hill, Edinburgh EH9 3HJ, UK

NASA-Ames Research Center, MS 245-3, Moffett Field, CA 94035, USA

Space Research Organization Netherlands, P.O. Box 800, 9700 AV Groningen, The Netherlands

[C S e -

Received 19 August 1997 / Accepted 3 June 1998

Abstract. We present ISO-SWS spectroscopy of eight strorigr the hot intercloud gas up to a few hundred H atems*®
infrared sources with large extinction through the diffuse intefer diffuse molecular clouds (Jura 1987). Chemically the dif-
stellar medium. These are five late-type Wolf-Rayet stars, these medium is characterized by a low content of molecular
blue hypergiant Cyg OB2 #12 and the Galactic Center Sourggss; i.e., whileH; can account for up te- 50% of the hydro-
3 and 4. The spectra show a number of absorption features thett in diffuse molecular clouds, this fraction is much less in
can be ascribed to interstellar dust and gas. Features at 3.0,8dst lines-of-sight (van Dishoeck & Black 1986; Meyer 1997).
4.66 and 5.9%m were already known from ground and airborn&he fraction of CO is lower than & 10~ relative to hydro-
observations, while features at 4.27 and g:1are for the first gen even for relatively dense diffuse regions (van Dishoeck &
time observed by ISO. We ascribe the 3.0,4.27 andgnb€ea- Black 1986). Theoretical calculations indicate that refractory
turesta, O ice,CO, ice and gaseous CO, respectively, locatetdlist particles (silicate, graphite, amorphous carbon) can sur-
in dense clouds along four lines-of-sight in our study. Based wive the harsh conditions of these environments considerably
an excellent correspondence with the well-known emission fdgetter than frozen volatiles (Jones et al. 1994; 1996), consistent
ture observed in many other objects, the@2absorption band with the absence of infrared absorption bands due to ices in
is identified with aromatic materials. The profile of the featurdiffuse lines-of-sight (e.g., towards Cyg OB2 #12; Gillett et al.
indicates that its carriers are PAHs or PAH clusters containiadg75; Pendleton et al. 1994).
up to a few thousand carbon atoms. The lack of strong infrared Many aspects of the nature of the dust in the diffuse galac-
features of hydroxy (OH), carbonyl (C=0) and aromatic Ciic medium are still unclear. While the strong and broad Si-O
groups towards the objects of the present study shows that stvetch interstellar absorption feature at @n7 clearly shows
carbonaceous dust material in the diffuse ISM is poor in oxygéme presence of amorphous silicates, the optical properties of
as well as hydrogen. silicates and the abundance of Si preclude these materials as the
sole carrier of the visual extinction (Spitzer 1978; Greenberg
Key words: infrared: ISM: lines and bands — Galaxy: abun1974). Therefore an additional component needs to be invoked.
dances — ISM: dust, extinction — methods: observational  Based on cosmic abundance considerations as well as durability
under the harsh environment of diffuse galactic space, itis gen-
erally assumed that the missing dust should be carbonaceous in
nature. Moreover, the strong bump in the interstellar extinction
curve at 217 nm is generally ascribed to carbonaceous solids

The term “diffuse interstellar medium” denotes the vast, vef§.g-, Draine 1989; Mennella et al. 1996; Schnaiter et al. 1998).
low density regions which account for the bulk of the volume dfarious models using a combination of carbonaceous and sili-
our Galaxy. Here densities range from10—3 H atomsem 2~ cate dust (either as separate particles, or as particles consisting of
a silicate core with carbonaceous mantle) succeed in fitting the
Send offprint requests t9.A. Schutte interstellar extinction curve (e.g., Kim et al. 1994; Mathis 1996;

* Based on observations with ISO, an ESA project with instrumerit$ & Greenberg 1997). No matter what forms of carbonaceous
funded by ESA Member States (especially the PI countries: Franggst are assumed (graphite, Hydrogenated Amorphous Carbon

Germany, the Netherlands and the United Kingdom) and with the PAYAC) particles, Organic Refractory (OR) mantles on silicate
ticipation of ISAS and NASA.

1. Introduction
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particles), these models agree that the fraction of carbon in dBstNature of the sources

i 0, I -
must be substantial(50% of the cosmic abundance). Ground_l_n8 objects WR118, WR112, WR104, WR98a, and WRA48a are

based and airborne infrared spectroscopy of sources toward . : . .
galactic center and more local obscured objects indeed revii%) ulation 1, C-rich Wolf-Rayet stars. These stars drive a high

two absorption features of carbonaceous solids;i.e., the a"phgﬁ%ss-loss rate, forming hot carbonaceous dust in their stellar
CH stretching and bending modes at 04 and 6.8:m (Wick- winds (cf. Williams 1995; van der Hucht 1992). The hot dust

ramasinghe & Allen 1980: Butchart et al. 1986; Sandford B{OVIdeS a strong source of infrared continuum emission, mak-

al. 1991; Pendleton et al. 1994; Tielens et al. 1996; Imanis'tﬂgggi??n?ggfj;%?g:ﬁmpmbes offoreground absorption fea-

et al. 1996). Airborne spectroscopy also gives tentative indica Cyg OB2 #12 is a highly luminous star of spectral type

tions for the presence of features due to organic carbonyl gro 7 4
(Tielens et al. 1996). However, the total amount of carbon ierlsl-)?SIa (Humphreys 1978). No dust appears to be associated

. . wdth the star, and the mid-infrared emission can be attributed
volved in these features falls well short of the quantity needed.. . . L
ntirely to the hot photosphere combined with the radiation pro-

to explain the interstellar extinction. Thus it has been genera ced by free-free and free-bound transitions of ionized hvdro-
assumed that the bulk of the carbonaceous dust in the diffuse’in- y y

terstellar medium has at most weak infrared absorption ban gh n the strong stellar W”.]d (Persi & F_errarl-Tonlolo 1982;
: . . : eitherer et al. 1984). For this reason the infrared spectrum has
e.g., amorphous aromatic or even diamond-like material wi

little oxygen, nitrogen or hydrogen a relatively blue slope, making Cyg OB2 #12 a less sensitive

Recent results from the Infrared Space Observatory (Isgz be than the WR stars for absorption bands longwargt of

and Infrared Telescope in Space (IRTS) have shown that ' .
well known “unidentified” infrared emission (UIR) bands at The Galactic Center sources GCS 3 and GCS 4 make up the

6.2,7.7, 8.6 and 11,8m are ubiquitously present in the dif_fuseso-called infrared quintuplet located near the “radio arc” promi-
gélé\c';ic, er.nission (Lutz et al. 1996: Onaka et al. 1996). Then(ént in radio maps of the galactic center region (Okuda et al.
bands are generally attributed to gas phase Polycyclic Arom Hfgg, I(\lsacgsa tg ﬁgiiitgs 9(())]?, 4T2:;Zrz(t);rscc?jr2; ilsgclznn?\rlva?e?jsisl_a
Hydrocarbon (PAH) molecules and small PAH clustersger r\(la\gion of 9” diameter. The SWS was centered on source GCS

& Puget 1984, Allamandola et al. 1985). These results sh . )
that besides refractory dusts, the diffuse medium also conta%ﬁlsl’ the brightest component, but all four components are in

. . . € beam. The position of GCS 4 is"1dway from this source,
an important molecular component. The intensity of the fea-~ "~ """ ) ,
. . and in view of the SWS aperture of 14 20’(de Graauw et
tures indicate that the PAHs are quite abundant, although th y1996a) traces an independent line-of-sight. The nature of
probably contain less carbon than the dust (Dwek et al. 1997). indep : gnt. ’

The Infrared Space Observatory (ISO; Kessler et al. 19 qgintuplet sources Is unclear. There is no .sign of photo-
for the first time provides a complete view of the mid-infrare heric CO off1; O or circumstellar maser emission, expected

spectral region from 2.5 to 2@m (4000-50@m~") by means or late type giants or supergiants (Okuda et al. 1990; Nagata et

of the Short Wavelength Spectrometer (SWS; de Graauw et%{l..lggo)' The speciral energy distribution is however charac-

1996a). This paper reviews such observations towards a n f l,s?r%s]f fgzrg;g?;ggg:zxgg]ztfg?;ffgrséamo?gnszgigﬁSITSQe
ber of luminous sources which are highly obscured by diffu P P

medium dust, thus providing a sensitive search for weak dust e_gsoe %bgﬁgf é? ;Telgggt)ra':'rr]eegé%?i\i;?Jﬁﬁiﬁég?natg frt)?r:-
sorption features. These are five Wolf-Rayet stars; i.e., WR1 ' | : 9

(GL2179), WR112 (GL2104), WR104 (Ve2-45), WR98a (IRAS" x10* to 1.4x10°L , compatible with a cluster of embedded
; ’ ’ rpassive YSO’s. However, there is no sign of{Bsometimes

17380-3031) and WR48a, and additionally Cyg OB2 #12 (V . . . .
Cyg #12) and the Galactic Center Sources GCS 3 and GC en in such objects, and no evidence for a bipolar outflow.
gtfious estimates agree on a visual extinction of 20-25 mag,

Earlier reports of these spectra were given by van der Hucht . )
al. (1996) for the WR stars and by Whittet et al. (1997) for Cy ogpi;agt())l)e tothat for the cluster in the Galactic Center (Okuda

OB2 #12.
The paper is laid out as follows. Sect. 2 discusses the nature i
of the sources. In Sect. 3 observational aspects are reviewdoPservations

Sect. 4 summarizes and identifies the detected absorption f&Robservations were made with the ISO Short Wavelength
tures. Sect. 5 considers whether the detectegli®.absorption  Spectrometer (ISO-SWS). Full 2-45 spectra were obtained
band originates in gaseous or dust material. Sect. 6 reviewsfgeall sources, with scanner speeds 2 or 3, resulting in resolving
constraints on the chemical composition of the carbonace@iersrk ~ 250 andR ~ 400 respectively (AOTO01’). Spectra
dust material in the diffuse medium set by the present obsgf-the full grating resolution ~ 1500) were also obtained
vations. In Sect. 7 the implications of our results for the condiround 6.2:m for GCS 3 and Cyg OB2 #12 (‘AOT06'). Table 1
tion of gaseous and solid carbonaceous material in dense gigés a summary of the observations.
diffuse clouds are discussed. Finally, Sect.8 summarizes the The spectra were reduced within the SWS Interactive Analy-
conclusions of this paper. sis package. The “Standard Processed Data” files were derived
with version 5.0 of the SWS pipeline for the AOTO01 spectra,
and version 6.1 for the AOTO6 spectra. The reduction of the
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Table 1.Observation log A (um)
3 4 5 6 7810 20
Object Alt. name Rev. AOT sp. tint — ‘ ‘ e —
GCS3 287 1 3 60m - ]
327 6 - 52m -
GCS 4 297 1 3 60 m 1078 |
CygOB2#12 VICyg#12 682 6 - 25m =
WR48a Danks 1 79 1 2 30m .
WR98a IRAS17380 94 1 2 30m .
WR104 Ve2-45 99 1 2 30m n
WR112 GL2104 102 1 2 30m {:\ 107" ]
WR118 GL2179 108 1 2 30m g E .
2 C ]
Table 2. Observed absorption features and their assignments | £ L 7
© 10’15 - WR 1 1 8 —
Position FWHM  Assignment = F 3
cm ™! wm cm™?! < - .
b L ]
3300 3.03 320 OH stretéh I~ n
2920 3.42 65 aliphatic CH stretch 107 | _|
2344 4.266 14  COq (solid) E =
2147 4.658 28 CO (gas) C ]
1680 5.95 ~ 100 Carbonyl CO stretch - n
1608-1618 6.18-6.22 35 aromatic CC stretch 7
-17
& Probably primarily due to solitli2 O (see text) 10 Elo o
4000 3000 2000 1000

wavenumber (cm )

AOTO1 spectra to the “Auto Analysis Result” was done with.
the calibration files available in May 1997. A small (1-5%8'9'.1'8\/\/S spectroscopy qf_GCS 3, GCS 4, WR118 aqd WR112. For

. arity, flux levels were multiplied by the indicated factor in some cases
correction to the overall shape of the spectrum, and to some
spurious features, was made in March 1998 with improved Rel-
ative Spectral Response Functions (RSRF) of SWS bands &l compared. A very good agreement was found for the con-
and 2C (5.3-12.¢xm). The AOTO06 spectra were reduced withinuum and broad dust features. On a smaller scale, systematic
the calibration files available in January 1998, also includirdifferences between the scans determine the effective signal-to-
the new RSRF’s. Each detector of all spectra was inspectedriioise. At 6.0um the AOTO01's thus have a signal-to-noise of
detector jumps and excessive noise levels. In the wavelengtts0, while for the AOT06 spectra a value 6f85 is obtained.
range relevant for this study (2.3-12:th) only few detectors We note that at the current stage of development of the re-
were affected by these problems, and affected wavelength deetion package weak (< 0.04), broad (FWHM> 60cm 1)
gions were removed. Systematic differences in the flux scale dadtures may still be susceptible to uncertainties in the adopted
slope of the 24 detector up and down scans in each SWS deteRSRF function.
band were corrected for by fitting straight lines to each scan and
using these fits to shlft the data points to a carefully selected rﬁT'The interstellar absorption features
erence spectrum. This reference spectrum was constructed from
the data itself, leaving out scans with clearly deviating slop€gy. 1 shows the 4200-25th~! (2.4-40um) spectra of
and flux levels. The systematic differences between the sc&R112, WR118, GCS 3 and GCS 4. To highlight the weaker
are most likely caused by dark current variations due to deterstellar bands, we display the same spectra up to the onset of
tector memory effects, especially at wavelengths abouend the strong 9.7:m silicate feature in Fig. 2. No features besides
Thereafter, data points affected by cosmic ray hits, deviatittge 9.7 and 18.6m silicate bands are seen longward of @i3.
more than 2.7 sigma from the mean of all points per resolutidable 2 lists all mid-infrared absorption bands that were found
element, were removed. Finally, the up and down scans war¢his spectral region for the eight sources of this study, together
rebinned to a wavelength grid witR = A\/AX = 250,400,0or with their assignments (see below). Some sources, e.g., GCS 3,
1500 (depending on the observing mode) and 2 points per relsew all features while others, such as WR118, show only the
olution element, using the trapezoidal rule integration methdi4,m and 6.2um bands.
Small differences in flux levek{ 10%) at the band edges were =~ While the 3.0um O-H stretching mode, the 3u4n C-H
corrected for by multiplication. To inspect the reliability of thestretching mode and the 4.66 feature of gaseous CO have
final spectrum, the up and down scans were separately rebinakdady been observed from the ground (Pendleton et al. 1994;
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Table 3.Integrated optical depth;,: (Eq. 1) and/or peak depthof the interstellar absorption bands, and visual extinction towards the various
sources. For band positions and widths, see Table 2

WR118 WR112 WR104 WR98a WR48a CygOB2 GCS3 GCS 4
Tint(OH str.) (cn™) <17 34+ 8 <14 17+ 8 <10 <11 120420 80+ 20
7(OH str.) (x100) <5 8+4 <2 <4 <3 <3 38+ 6 25+ 6
(aliph. CH str.} (x100) 5.2 4.4 2 - - 4.6 131 10+ 2
Tint(CO2) (cm™) <04 3.1 <03 0.8 <16 <1 5.4 3.7
7(CO2) (x100) <25 17 <2 4 <9 <6 34 25
Tint(COgas) (cM™1) <12 1.8 <05 0.3 <2 <15 6.9 4.6
Timt(@arom. CCstr) (cm') 2.2+0.6 1.3+06 06+03 15+1 06+05 <11 47406 3.1+1.0
r(arom. CC str.) ¥ 100) 6.0£2.0 4.04+20 1.7+09 43+30 1.7+15 <25 13+ 3 9+ 3
Time(Carb. COstr) (cm') 1.6+0.8 3.3+15 3.0+12 15+10 33+1.7 <18 37+12 3.1+12
7(9.7) 0.71 0.56 0.30 0.64 0.52 054 2.4 2.2
7%;(@?;5;” 31411 23409 20+11 23+16 1.2+10 <20 20403 14405
% (x100) 244+0.9 34+15 33+17 - - >42 28+04 32+1.1
A 0.073 0.079 0.067 - = 0.085 0.054 0.046
Ay © 12.8 12.0 6.5 11.2 7.7 10.2 232 2342
el 18.0 21.4 21.7 17.5 14.8 18.9 9.6 10.5

# From ground-based observations (Pendleton et al. 1994), except for the GC sources;

> From Whittet et al. (1997)

¢ Av from van der Hucht et al. (1996) for the WR stars, from Whittet et al. (1997) for Cyg OB2 #12 and from Okuda et al. (1990) for GCS 3
and GCS 4

Sandford et al. 1991; Okuda et al. 1990; Lacy et al. 1984), tAesimilar feature has been seen towards Sgr(Felens et al.

4.27um feature ofCO- (de Graauw et al. 1996b;i@tler et al. 1996; Lutz et al. 1996). However, the quality of the present data

1996) and the 6.2m band are first observed by 1SO. is insufficient to insure the reality of this band (Sect. 3). For a
Table 3 lists the integrated strengths and/or the peak degttailed discussion of the 6.8n band we refer to Chiar et al.

of all the features. The integrated strength is obtained from (in prep.).

Whittet et al. (1997) reported the detection of a weak feature
near 2.75:m (3640cm~!) towards Cyg OB2 #12 which was
ascribed to theOH™ ion inside the lattice of the amorphous

_silicate dust. No sign of this feature was found in any of the WR
slars (e.g., Fig. 2). However, upper limits for the band depth are
r{}%cally 7(2.75) < 0.04, still consistent with the optical depth
0f0.035 towards Cyg OB2 #12. Due to blending with the strong

Tint =

/ (v)dv. @)
feat.

where the feature optical deptfw) is obtained relative to an ap
propriate baseline (see below). In general it is preferable to
integrated intensities rather than peak depth, since the for
is less sensitive to the spectral noise. For theu8band, the - _ )
noise level of the SWS spectra was, except for the GC sourc%‘g,“m feature, no significant upper limits to this feature can be
too high to obtain a good measurement. In this case the pggﬁfor GCS 3and GCS 4.

depths from ground-based observations were adopted (Pendle-

ton et al. 1994), insofar available. Baselines were defined4rll. Comparison with earlier observations

the log{,) vs wavenumber plane by a smooth polynomial f

of the continuum regions on each side of the various featurgér“er medium resolutioni{ A ~ 300) airborne Speciroscopy

This yielded satisfactory fits in all cases. For the relatively naf the direction of the Galactic Center appeared to show ab-

; -1
row 3.4 and 6.2sm bands first order polynomials could producgOrptlon features near 5.8 and 5l (1720 and 1826m ™),

good fits, while for the broad OH stretching and silicate featu\r’\éhICh were ascribed to the CO stretching mode of carbonyl

smooth second, third and fourth order polynomials were foups (Tielens et al. 1996). The present qlata show no sign_ of
plied. Our derived silicate band depths agree within 10% wi € 5.5:m feature towards GCS 3and 4. This may be due to dif-

earlier determinations which used a more thorough treatmen gencesin the composition of the dustin these slightly different

the continuum definition (Roche & Aitken 1984). To derive th nes-of-sight; i.e., the quintuplet sources arcaay from the

integrated strength of the 6:2n band of GCS 3, GCS 4, and alactic Center. However, recent SWS observations of Sgr A

WR112, a correction was made for the overlapping OH bendiﬁgo show no sign of the 5,6n band (Lutz et al. 1996). On the

mode ofH,O ice, which appears to be present towards the% :r h daeng% :22 ganrsl] gzﬁ;‘r.’r’?:;i (f)orrml(r;g ?eshquldeerr OWH:_*;;
sources (see Sect. 4.4). ue si A ! ur sources, Is very simi

There is some indication of a shallow feature neapérn to the earlier reported 5/8m band.
the spectrum of GCS3, though not in any of the other spectra.
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Fig. 3. The integrated optical depth of the solitD, feature plotted
against that of the OH stretching band. Open circles show actual detec-
tions, for squares only upper limits could be obtained for botlibe

and OH stretching features; cf. Table 3. For comparison, the filled circle
shows the position of the protostellar object NGC7538:IRS9 (Whittet
et al. 1996). TheCO, and H2O integrated band depths were both
multiplied by 0.02 for this object
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Airborne spectroscopy was previously obtained for WR112%
(GL2104) and WR104 (Ve2-45) (Cohen et al. 1989). Thé 22
aperture of these observations is quite compatible with the 1ISO-
SWS beam. The spectra showed a broad absorption band near | | |
6.0um (1670cm~') and a broad emission feature at 8 . 4 6
(1280cm—!). No evidence for either of these features is ap- 7(9.7)

parent in the present data (Fig. 2). While at the earlier reporteg 4 The depth of the 9.7m silicate band plotted against the inte-
intensity the strong emission band should be clearly visiblgrated optical depth of the OH stretching band. Circles show actual
perhaps the broad and shallow absorption feature is difficultdetections, for squares only upper limits could be obtained for the OH
separate fromthe overall slope of the continuum and its presertetching feature; cf. Table 3
may therefore depend on the choice of the (local) continua.

Ground-based IRTF spectra of WR112 (GL2104), WR118
(GL2179) and WR104 (Ve2-45) between 3550 and 25h0' et al. 1996b; van Dishoeck et al. 1996). The presende@f
(2.82-3.92um) were obtained by Pendleton et al. (1994). Thegee indicates some dense cloud extinction towards four of our
data in general show good correspondence to the SWS AQSurces (Table 3). An additional feature is present at 244 7!
data with respect to overall slope and structure. Indeed, the IRBF658.:m) for these same four objects, which can be ascribed to
data also show the shallow 3un feature towards WR112, CO. Due tothe low S/N level and resolution, rotational substruc-
while no sign of this band is present for the other two sourcetsire cannot be distinguished, but the overall width and shape are
very similar to the gas phase CO band seen towarda S¢itutz
et al. 1996), while it is much broader than the solid state CO
4.2. The 3.0, 4.27 and 4.66n features features seen towards embedded protostellar sources or back-
The width (FWHM = 14m~!; 0.032um) and position ground field stars (e.g., Tielens et al. 1991; Chiar et al. 1995).
(2344cm~—1; 4.266pm) of the CO, band, as well as the ab-Indeed, for GCS 3 and GCS 4, high resolution ground-based data
sence of a double structure due to the P and the R branch ofgleews the presence of rotational levels in the P and R branches
vibrational transitions clearly imply an icy origin (de GraauwOkuda et al. 1990). We thus conclude that the 4u86feature

10

o
vl
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originates in gaseous CO. The CO band correlates well with the Figs. 5to 7 show the 6 2m absorption feature in the various
solid CO,, feature (Table 3), indicating an origin in dense cloudources. Besides the relatively sharp/@®2feature, the spectra
material along the line-of-sight. also show the broad 5.96n feature, which will be discussed

The origin of the 3.Qum OH stretching band in diffuse lines-below. For GCS 3 and Cyg OB2 #12 the AOT6 data are plot-
of-sight such as those in the present study has long been cortied- All spectra were smoothed to resolutiomd!. WR48a is
versial. It has been ascribed to organic OH groups (Schutteoéitted because of its high noise level. To highlight the 82
Greenberg 1986), to water of hydration embedded in silicat@sd 5.95:m features, we subtracted a linear baseline from the
(Wada et al. 1991; Tielens et al. 1996), and to water ice locatgaectrum in the lod{)) vs wavenumber plane. The continuum
in some dense material intercepting the line-of-sight (Schutenges were selected around 1800 and £400'. We empha-

& Greenberg 1988; McFadzean et al. 1989). size that this procedure does not in any way represent a “true”

Figs. 3 and 4 plot the integrated optical depth of the Okbntinuum subtraction, but should only be regarded as a cos-
feature against th€0, and silicate features, respectively, fometic operation enabling a clearer view of the structure present
the local sources. We did notinclude the two GC sources in thésehe 6 micron region. We prefer not to subtract any higher
figures, since the long line-of-sight and high extinction towarasder polynomials to avoid loss of broad structure that could be
these objects would tend to hide any (non-) correlations thakesent in the data.
may exist between independent dust components because oSome overall curvature is present in the various spectra
the many different environments that are probed. It can be se#own in Figs.5 to 7. This can probably be attributed to the
from Fig. 3, as well as directly from the spectra (Fig. 2), that, icurvature of the continuum associated with the thermal dust
the limited set of available data, the OH feature is stronger femission from the various sources. There is no clear indication
strongelCO- bands. Indeed, the OH band is exclusively preseot the presence of emission bands. Various forms of solid car-
whentheC O, feature is observed as well. There appears to bebon display features in this region, primarily ascribed to the CC
correlation of the OH feature with the silicate band (Fig. 4; setretching modes in aromatic moieties (Borghesi et al. 1987;
also Whittetetal. 1997). These observations point to an origin®ott & Duley 1996; Scott et al. 1997; Schnaiter et al. 1998;
the OH stretching mode in dense material. Inthis case the featGudillois et al. 1996). These structures could be emitted by the
should probably be primarily ascribedia O ice. Fig. 3 shows hot carbonaceous dust around the WR stars. However, only for
that the ratidCO5 to H,O ice would then be slightly higher thanWR104 there may be some indication of a broad emission fea-
what is found in a typical dense cloud source (NGC7538:IRS®@re centered at 6.3um.

Whittet et al. 1996). In any case, the absence of any discernableThe GC sources, WR112 and WR98a show OH stretching
OH band in lines-of-sight withou€ O, places stringent upper 3 um bands, presumably causedlyO ice (Sect. 4.2). In this
limits to the amount ofi; O of hydration or organic OH groups case, the OH bending mode B O should be present on the
in the silicate and organic components of diffuse medium dustie side of the 6.2m band. To indicate the expected strength
(Sect. 6). of this feature, Figs. 5 to 7 show tlik O feature of the ice mix-

We note that, while th€ 05, H,O and CO gas features intureH,O/CO/NH3/O5 = 0.32/0.23/0.13/0.32. This mixture was
the spectra of four of our sources indicates dense cloud matestabwn to give an excellent match to th@rd feature towards
inthe line of sight, the weakness of the® water feature shows various Galactic Center infrared sources (Schutte & Greenberg
that the fraction of dense extinction is small (cf., Whittet et aL.988; Schutte 1988; Tielens et al. 1996). The feature was scaled

1988). according to théi,O column density obtained from theu®n
band.
4.3. The 3.4im feature Figs. 5to 7 allow a comparison of the G.éh feature in our

objects to the (inverted) emission band of the planetary nebula
The 3.4um feature has already been extensively observed froawGC7027 (from Beintema et al. 1996). This spectrum repre-
the ground for a large number of objects obscured by d#ents the (average) CC stretching feature associated with emis-
fuse medium dust. It is ascribed to the aliphatic CH stretchkion by interstellar gaseous Polycyclic Aromatic Hydrocarbons
ing mode of carbonaceous dust material (e.g., Pendleton ef{BAHs; LEger & Puget 1984; Allamandola et al. 1989). Further-
1994; Greenberg et al. 1995). Matching this feature with variore, features of two laboratory materials are shown; i.e., the
ous organic materials suggested that the aliphatic groups nagymatic CC stretching mode in anthracite coal (Guillois et al.
be attached to aromatic structures (Pendleton et al. 1994). 1996), and the OH bending modelirO of hydration in talc
(From Tielens et al. 1996). Other casesHfO of hydration,
4.4. The 6.im feature such as hydrate_d _SiO and trappégO in the Murchison me-
teorite, give a similar broad band near g8 (FWHM = 60 -
In contrast to the OH stretching band, the 6@ feature shows 100cm~—'; Wada et al. 1991). The coal feature represents the
no correlation with th€€O, and CO features, but appears to b€C stretching modes of aromatic moieties in solid carbon. It
presentin all lines-of-sight along with the aliphatic CH stretcHalls slightly redward of the NGC7027 feature (at 1594 !
ing band (Table 3, Fig. 2). We thus conclude that this featurevis. 1609cm~—' for NGC 7027), and is considerably broader
associated with the diffuse medium. (60 vs 4cm~1'). Other such materials, such as various forms
of laboratory produced Hydrogenated Amorphous Carbon or
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semi-anthracite coal, give a band of similar position and width A (um)
(Borghesi et al. 1987; Guillois et al. 1996; Scott & Duley 1996;
Scott et al. 1997; Schnaiter et al. 1998). Generally, the labora-
tory materials were thermally treated to get rid of oxygen and
excess hydrogen which give rise to strong features near 5.8 and
6.9um.

H5O of hydration has been proposed as a component of
interstellar silicates (Tielens et al. 1996, van der Hucht et al.
1996). Comparison of Figs. 5 to 7 shows that the featuk&,6i 0
of hydration is considerably broader than the observed absorp-
tion band. Moreover, the OH bending mode is accompanied b)ﬂja 7
broad OH stretching mode neap/ which is 20 times stronger = 05 —
(Tielens 1996; d’Hendecourt & Allamandola 1986). Althougho ]

: . X X 3
a broad 3 micron band is seen in a number of our objects, this .
feature is absent in other sources, while theérgband is con-  § 1 _
sistently present. E.g., towards WR 118, then8band is not 5 B
seen, implying that its integrated optical depth is at most 1 B i
times higher than that of the 6.2n feature (Table 3). Indeed o ]
the 3um feature appears to be associated with dense rather than - .
the diffuse material in the line of sight (Sect. 4.2). We thus con- B 7
clude that; O of hydration cannot be the carrier of the G - .
band. Likewise, solidl,O can be excluded as the carrier, since L ]
its OH bending mode is too blue and because of the weakness - .
of the OH stretching feature neay:8, (d’Hendecourt & Alla- B i
mand0|a1986)' 25 —‘TH\‘H\\‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH—F

A close correspondence in position and width between the 1800 1700 1600 1500 1400
6.2pm absorption band and the emission feature of NGC 7027 wavenumbers (Cm*)
is evident from considering Figs. 5to 7. The emission feature is
assigned to the CC stretching mode of gas phase Polycyclic AFig. 5. The 6.2um absorption feature towards GCS 3 and GCS 4. The
matic Hydrocarbons (PAHs;@ger & Puget 1984; Allamandoladashed curves indicate the expected contribution of the OH bending
et al. 1989). Since the emission originates from excited PAHg0de of solidi> O expected to be present for sources which show the
higher vibrational levels will contribute. This would cause &+M absorption band. For clarity, arbitrary offsets are used
small red-shift (Joblin et al. 1995; Cook & Saykally 1998).

At 450K, the approximate temperature of peak emission # al. 1977; Willner et al. 1977; Bregman et al. 1989; Cohen
the 6.2um band, laboratory measurements give a shift-of et al. 1986). In the diffuse galactic emission, the peak flux of
15cm ™! (Cook & Saykally 1998), so that the ensemble of PAHgjs feature is- 1.5 times higher than the 6.2n emission band
which emit the 6.22m band at 1608m ' are expected to pro- (Mattila et al. 1996; Onaka et al. 1996). This band, likewise
duce an absorption feature &t1624cm™~". This position is due to aromatic CC stretching modes, should be present as well
slightly to the blue of the absorption band (Table 1). Howeven absorption if the above identification is correct. However,
the temperature shifts were measured for small neutral PAfigs feature could be quite difficult to detect because it falls
of 20-30 C atoms, while the PAHs emitting the 62 band right on the edge of the onset of the very deep silicate feature.
are more likely to be ionized and to contain several hundredsmf. 8 searches for the 7.8n feature in the spectra of GCS3 and
C atoms (Schutte et al. 1993). Therefore the exact magnitudes4. These sources have the deepest®.Bands (Table 3)
of the temperature shift of the interstellar emittors is rather uand are therefore most suitable to look for signs of the/m8
certain. We conclude that the close correspondence in positighture. In Fig. 8 the inverted emission spectrum of NGC7027
and width of the 6.22zm emission and absorption features coulgrom Beintema et al. 1996) is subtracted from the GCS spectra
suggest a similar origin. to compensate for the 62n band. To take into account exci-
While the emission feature must originate in gaseous PAkdgion effects, the intensity of the 7.8n band is decreased by
due to excitation requirements, the absorption feature could alspy relative to the 6.2m band in the inverted NGC7027 spec-
arise in carbonaceous solids with aromatic moieties, althoughim. This adjustment is obtained from the standard PAH size
the spectroscopic match, e.g., anthracite, appears less favorgligibution of Schutte et al. (1993) when comparing its absorp-
in this case (see Figs. 5 to 7). The issue whether the carriefiégs with its emission in a 10,000 K radiation field (see below).
solid or gaseous will be discussed in detail in Sect. 5. By making this subtraction, the baseline; i.e., the spectral shape
In emission, a strong and very broad (FWHM = 1 /  without aromatic absorption bands, is restored if aromatic 6.2
100cm™~'; Beintema et al. 1996) band centered~a7.8um & 7.8 um absorption features are present. Indeed, for GCS4,
(1280cm ') always accompanies the G.h feature (Russell this procedure appears to lead to a slight improvement in the
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Fig. 6. As Fig. 5, but for the WR sources Fig. 7. Spectrum around 6,2m towards Cyg OB2 #12. For compari-

son are shown the emission band of the planetary nebula NGC 7027
(from Beintema et al. 1996, shown inverted), the @2feature of the

“ssmoothness” of the baseline: i.e.. the increase in the dc)Warpmatic CC stretching mode in anthracite coal (Guillois et al. 1996),
o d the bending feature of water of hydration in talc (Tielens et al.

ward slope beyond- 1500cm ! is more gradual than that in 1996)
the original data. For GCS3 adding the NGC7027 somewhat ac-
centuates the shallow 6.8n absorption feature that seems to be
presentin this source, but again no baseline deviations are intro-
duced. We conclude that the spectra of GCS3 and GCS4 aredwates 2.1 times more flux in the 1uéh than 6.2:m emission
inconsistent with the presence of a (hidden)m8absorption feature, somewhat larger than the emission ratio in the diffuse
feature. ISM. A straightforward analytical calculation yields, in absorp-
No 11.24um (890cm ') CH aromatic bending absorptiontion, for the same PAH ensemble an optical depth ratio 11.2/6.2
feature is detected towards any of the objects of our study. Tdfeonly 0.39 (for a size distribution extending to 500 C atoms;
most significant upper limit is obtained towards WR118. Fig.i%., the PAHs which emit their energy in the UIR bands rather
compares the relevant region of the spectrum with the (invertédan skeleton modes beyonrd15,um). The reason for this dif-
11.2um emission band of NGC 7027. The upper limit equaference is the strong enhancement of the Linand in emis-
Tint(11.2) < 1.0em™1; i.e., 73,4 (11.2)/7:,4(6.2) < 0.43. For sion caused by the channelling of the flux into this band when a
comparison, in emission the integrated intensities of the 6.2 aP&H during the relaxation phase which follows the absorption
11.2um features are similar (Mattila et al. 1996; Onaka et abf a UV/Visual photon passes through the range 150-300 K.
1996). However, the relative intensities of the emission bandsre the 11.22m band is the main accessible emission channel,
will be strongly influenced by excitation effects. The featurahe temperature being too low for the 6.2 and;mYfeatures to
are emitted by mostly ionized PAHs of size 30-500 C atomsecome significantly excited. In case of a solid state carrier, the
Such large ionized PAHs will absorb most energy in the visulaw 11.2/6.2 ratio is consistent with the proposed assignment
region (Schutte et al. 1993, Salama & Allamandola 1993). of the 6.2um band if the amount of hydrogen in this material
this region, the interstellar radiation field can be reasonably wilsufficiently low (see Sect. 6). We conclude that the present
represented by a diluted black body of temperaturd),000 K upper limit to the 11.22m absorption does not set strong con-
(Spitzer 1978, Mathis et al. 1983). Under these conditions thaints on the nature of the carrier of the gt absorption.
“standard” interstellar PAH model of Schutte et al. (1993) prdt is noted that if gaseous PAHs are the carrier of the band, a
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° ‘ 6 ‘ 7 — the “standard” PAH model of Schutte et al. (1993), excited by
T NGCToze | | a 10,000 K radiation field, an enhancement by a factor 2 is ob-
ax107® tained. This indicates that the 3:&h absorption feature of the
PAHSs responsible for the diffuse UIR emission would fall be-
low the present detection limit. In case of a solid state carrier the
weakness of the 33m absorption band would confirm the low
hydrogen content which is also indicated by the absence of the
11.2um feature (see Sect. 6). Thus, the absence of ther.3
feature in the present data does not pose additional constraints
on the nature of the carrier.

We conclude that the correspondence with the interstellar
emission feature indicates that the Gl absorption and emis-
sion bands share a common origin; i.e., the CC stretching mode
2000 1800 1600 1400 1200 Of aromatic materials.
wavenumber (cm ) In view of the carbonaceous dust shell surrounding the WR

Fig. 8. Correction of the spectra of GCS3 and GCS4 for the aromafidrs, a (pgrtlal) Clrcumstellar_orlgln of thg fulh ba_nd heeds
absorption bands at 6.2 and 7u8. The inverted NGC7027 PAH emis- 0 be considered for these objects. The visual extinction of the
sion spectrum (from Beintema et al. 1996) is subtracted from bdiifcumstellar material, as derived from the ratio of the stellar
spectral curves eliminating the 6.2n feature. The NGC7027 specrumand circumstellar dust emission, is at mast = 1 (Williams et
has been slightly adjusted to take into account excitation effects (gdg in prep.). This is only a small fraction of the total extinction
text). Solid line: Original spectrum. Dashed line: After subtraction. for all our sources (Table 3). As will be discussed below, the
baseline was subtracted from the NGC7027 spectrum to correct @[j’served integrated Strength of the feature seems to |mp|y that a
the continuum emission (Beintema et al. 1996), and furthermore sha{hstantial fraction of the total carbon in the line-of-sight needs
atomic and ionic lines were eliminated to be involved in its carrier. Therefore if the dust would be
A (um) homogeneously distributed in a circumstellar shell, it could at
10 i 12 ,most account for only a small fraction of the absorption band.
\ \ Indeed, for such a shell geometry, the pra dust feature would
show up in emission rather than in absorption (Williams etal., in
prep.). However, possibly the circumstellar material could have

-16

2x10"°

WR118

7 adisk-type geometry and/or consist of optically thick clumps. In
§ case of near edge-on viewing of a disk, the line-of-sight would
ﬂ“E o L B become optically thick, resulting in a 6.2n absorption band.
S NGCTO27 Itis however unlikely that this situation would occur for all five
=

WR stars of this study. On the other hand, if the outflow produces
optically thick clumps of material, their infrared emission may
display a 6.2:m absorption band if there would be a sufficient
temperature gradient across the clumps. We note however that
Bx107 e 1 e both GC sources produce a @2 absorption feature of similar
1000 950 900 850 800 . . . . -
wavenumbers (cm ) intensity relative to the interstellar 9um silicate band as the
WR stars (Table 3). Neither of the GC sources is associated
Fig.9. A comparison between the spectra of WR118 and NGC70gfth circumstellar carbonaceous dust, so that in this case the
around the aromatic CH bending mode at 14 The spectrum of faatyre should have an interstellar origin. Although Cyg OB2
NGC7027 has been inverted #12 does not show a 6,2n absorption band, the derived upper
limit is still consistent with a feature of intensity relative to the
modest improvement of the present S/N is expected to lead t¥jli¢ate band similar to the WR stars (Table 3). We conclude
detection of the 11.2m absorption feature. that the bulk of the 6.2m absorption feature in the WR stars
The aromatic CH stretching feature near @8 is not ob- should be of interstellar origin, but it cannot be excluded that
served towards any of our objects. The intensity of the cdhere is a relatively small circumstellar contribution as well.
responding emission feature relative to the /@2 feature in Summarizing, the 6.2m feature towards the WR stars and
the diffuse galactic emission is about I(3.3)/I(6:®) 1 (Ristor- GC sources should originate in aromatic material (gas or solid)
celli et al. 1994). The most stringent upper limit to this featur@f (mainly) interstellar origin. We finally note that, while the
(towards WR118) gives;,;(3.3)/7in¢ (6.2) < 0.39. Excitation 6.2um emission feature has been found in the diffuse galactic
effects should enhance the 3.3/6.2 ratio in absorption relativest@ission (Mattila et al. 1996), the intensity of this background
emission, because only a limited section of the PAH size drmission is too weak to significantly decrease the strength of the
tribution can become sufficiently excited to emit in the @i3  absorption feature towards the bright infrared objects discussed
band. For the size distribution and spectroscopic propertieshéfe.
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Table 4. Integrated strengths per C atorhd) of the 6.2um aromatic that gaseous PAHs are widespread throughout the Galaxy and
CC stretching mode in a number of molecules and bulk materials should contribute at least some small part of thefrXeature.
On the other hand, to account for the interstellar UV/Visual ex-

Species Ac Nc/Ng tinction, dust models generally assume that some form of solid
cm/C carbonaceous matter is an important component of interstellar

Neutral PAHs (average) 20(19) 3.1(4) du_st (Li& Qre_enb_erg 1997, M_athis 1996; Schnaiter et al. _1998).

This material is either aromatic from the start (e.g., graphite), or

PAH cations: may form aromatic structures under the influence of processes

Pyrene (QlﬁHlo)b . 2.6(-18) 2.4(5) in the interstellar medium (e.g., UV irradiation; Jenniskens et

Benzo(gg)Pewle”Jeb(C”Hm) 28(-18) 225 al. 1993; Mennella et al. 1996). In the following the gas phase

gg;?gsg (égjﬁlj:;c) ig E:ig; gi E:g and solid state origin are considered, taking into account the
' ' constraints imposed on the carrier by the strength of thai®.2

Hydrogenated Amorphous Carbon solids: absorption band in terms of the required abundance, and by the

HAC/BE® 48(19) 1.3¢4) profile of the feature.

HAC/ACAR® 1.9(-19) 3.2(¢4)

H5f 1.9(-19) 3.2(4)

H10f 1.3(-19) 4.7(4) 5.1. Abundance constraints

H50f 2.6(-19) 2.4(4)

The ratio of the integrated strength of the fr#8 absorption

# Required carbon abundance to reproduce the strength intersteff?a‘ture relative to the depth of the silicate band contrains the

r .
6.2,um absorption feature agundance of the carbonaceous carrier. For the local sources

® Hudgins & Allamandola 1995 (WR118, WR112, WR104, WR98a, WR48a) the weighted av-
° Langhoff 1996 erage equals,;(6.2)/7(9.7) =2.2 (£ 0.5)cm ! (Table 3). This
4 Schutte et al. 1993 value is also consistent with the upper limit towards CygOB2

Colangeli et al. 1995; abbreviations refer to HAC's prepared B¥12.

different methods; BE: Burning of benzene; ACAR: Arc discharge ~ Given a band strength for the aromatic CC stretching mode,

between amorphous carbon electrodes. the column density and abundance of the carrier may be de-

Schnaiter et al. 1998; solid carbon prepared by condensation of ga@mined. Table 4 lists the band strength per C atomfor a

bon vapor in ArH atmosphere. Numbers refer to % of hydrogen iy mper of aromatic materials. These are neutral PAHs, PAH

quenching gas. cations, and some Hydrogenated Amorphous Carbon (HAC)
materials prepared by a variety of methods. Furthermore, the
guantity of carbon required to reproduce the absorption feature

4.5. The 5.9m feature is given. This number is given by:

Figs.5 to 7 show a broad absorption structure centered at .

5.95um (1680cm 1) next to the 6.2:m band. A similar band LNC} Tint(6.2) 1 { {NH] [ Ay } }

7(9.7) Ac

(2)

was earlier seen in the spectrum of Sgr A obtained by the KuipeN g Ay | | 7(9.7)
Airborne Observatory (Tielens et al. 1996). This feature cannot

be explained by the OH bending modéhfO, since the strength UsingTi, (6.2)/7(9.7) = 2.2cm ™ (see above)lNu/Ay = 1.9

of the band seems to be considerably larger than that of the ©@#' cm~2 (Bohlin et al. 1978), and\/7(9.7) = 18.9 (Roche
bending mode corresponding to tHeO column density indi- & Aitken 1984; Whittet et al. 1997).

cated by the &m band, and is indeed also present for sources Table 4 shows that the strength of the pr2 feature of PAHs
with no 3um absorption, e.g., WR104 and WR118. The ptrongly depends on the ionization state. Recent estimates of the
sition of the feature is characteristic of the stretching mode albundance of the gaseous PAHs and PAH clusters emitting the
carbonyl groups (C=0) in organic molecules. Due to the limitddIR bands based on COBE data indicét&: /Ny )pan = 6.1
quality of the present data, a detailed discussion on the naturé0—> (Dwek et al. 1997). Inspection of Table 4 suggests that
of the carbonyl groups as determined from the band profileiighe interstellar PAHs are mostly ionized, they would be able
postponed to a later paper (Chiar et al., in prep.). In any cateaccount for the 6.2m absorption feature. A large ioniza-
the shallowness of the 5.98n band shows that it correspondgion fraction is indeed indicated by models of the ionization
to at most a small quantity of oxygen (Sect. 6). equilibrium in the diffuse medium (Lepp et al. 1988; Salama et
al. 1996; Dartois & d’'Hendecourt 1997). Although the PAHs
responsible for the 6,2m UIR band should be considerably
larger than those listed in Table 4&Bert et al. 1990; Schutte et

al. 1993), calculations and observations indicate that the strong
The carriers of the 6.2m absorption feature could either be gasnhancement of the CC stretching band persists for such large
phase aromatic species or carbonaceous solids containing amsized PAHs (Schutte et al. 1993; Langhoff 1996). We con-
matic moieties. The presence of the 6.2, 7.8 and Adih2mis- clude that the abundance constraint can probably be well met if
sion features in the diffuse medium (Mattila et al. 1996) showise 6.2um absorption band is attributed to gaseous PAHs and

5. Gaseous vs. solid state origin
of the aromatic absorbing material
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PAH clusters similar to those responsible for the correspondifegture fall in the same size range as the carriers of the UIR

emission feature. emission bands (Schutte et al. 1993). It was argued in Sect.5.1
Table 4 shows that the strength of the gr2 absorption that the abundance constraints also appear to be consistent with

band in bulk Hydrogenated Amorphous Carbon is comparalsigch an origin. We conclude that the @2 absorption band,

to that for neutral PAHs, but is considerably less than for PAlke the corresponding emission band, probably originates in

cations. Therefore, in case of a solid state carrier, this mategalseous PAHs and PAH clusters of size up to a few thousand C

would have to be highly abundant. For HAC/BE, which has thetoms.

strongest absorption band, the amount of carbon that would be

needed is N(C)/N(H) = 1.% 10~%. This would still be consis- . _

tentwith models of interstellar dust, which use similar quantiti€s COMPosition of the carbonaceous grain component

of solid carbon (either as mantles on silicate grains, Oor as sgpre absence of Strong features in the Spectra of our sources
arate particles) to model the interstellar extinction curve (Li &rig. 2) shows that the carbonaceous dust material in the diffuse
Greenberg 1997; Mathis 1996; Schnaiter et al. 1998). Itis howredium is only weakly infrared active. This is significant, be-
ever somewhat higher than the “cosmic abundance” constraigtise vibrational modes of subgroups in organic solids produce
which limit the amount of carbon in dust and PAHs combineg number of strong features in the mid infrared. Of these only
to ~ 8 x 10° (Cardelli et al. 1996; Snow & Witt 1996; Sofiathe aliphatic CH stretching and (weakly) carboxyl CO stretch-
et al. 1997). It must be noted though that some doubt remajng features are observed. Upper limits for a number of other
whether the “cosmic abundance”, which is obtained indirectfiffrared modes are listed in Table 5. We choose to list the val-
from observations of O and B stars, is truly representative of thes towards WR118, since its high column density and absence
interstellar medium (Tielens et al. 1996; Schnaiter et al. 1998F. solid H,O makes this object the most sensitive probe for
Using the other forms of solid carbon in Table 4 to account fefganic features. Also an upper limit to the abundance of the or-
the 6.2um feature clearly exceeds the abundance constraintsggic groups in the carbon dust is given, N/ (C), assuming

by both the results of grain models and by the cosmic abundangeolid carbon abundance of 1510~ relative to H (Mathis

We conclude that, although the amount of carbon locked up1996; Li & Greenberg 1997).

carbon dust is probably larger than in PAHs, the considerably Table 5 shows that about 13% of the carbon atoms in the
smaller strength of the CC stretching mode makes it harderdgrbonaceous solids in the local ISM have an aliphatic charac-
satisfy the abundance constraint with bulk aromatic matter th@n, Similar abundances were earlier derived from ground based

with ionized gaseous PAHSs. observation of the 3.4m absorption towards the galactic cen-
ter and local sources suffering from diffuse medium extinction
5.2. Spectroscopic constraints (Wickramasinghe & Allen 1980; Sandford et al. 1991; Pendle-

. . _ o ton et al. 1994). The quantity of aromatic CH bonds is con-
While the interstellar absorption and emission bands correspefighined to less than 18% of the solid carbon. Thus the hydrogen

wellin position and width, the observed G.éh absorption band content of the carbonaceous dust material lies in the range 0.13
and the feature of anthracite coal are clearly different. The aa-H/Cc < 0.31.

thracite band is shifted redward by about20~', andismuch  There is no indication of the strong OH stretching mode

broader than the interstellar feature (60 vs:86 ). Different of organic hydroxy groups near@n. Although the carbonyl
kinds of hydrogenated amorphous carbon prepared in the lapg@=0) 6.m feature is likely present towards our sources
ratory by a variety of techniques (laser ablation of graphite ingect. 4), the corresponding amount of oxygen is low (Table 5).
hydrogen atmosphere, burning of hydrocarbons, arc dischatggether with the upper limit to hydroxy (-OH) groups, this re-
between carbon electrodes, plasma deposition from a dischajggs shows that the abundance of oxygen in the carbonaceous
in benzene vapor) show similar discrepancies (Borghesi et @hterial in the diffuse line of sight towards WR118 equals O/C
1987, Scott & Duley 1996; Scott et al. 1997; Colangeli et ak 9.11.

1995; Dischler et al. 1983; Schnaiter et al. 1998). The large Taple 5 also lists upper limits to the abundance of some
width of the solid state feature is caused by interactions betweagfiogen-containing organic groups. A stringent upper limit is
molecular (sub-)groups in the inhomogeneous environmentfgfingd for nitriles.

the amorphous carbon matrix. It thus seems that the spectralp detection of the 3.3m aromatic stretching mode in ab-
properties of the 6.2m absorption band are hard to reconcilgorption was reported by Sellgren et al. (1995) towards the

with an origin in bulk carbonaceous matter. embedded protostellar source MonR2/IRS3. The corresponding
quantity of aromatic CH groups was N/N(H) = 1x31.0—5, well
5.3. Discussion below the upper limit towards WR118 (Table 5). Scaled to the

) ) ) H column density for our sources, the expected optical depth of
The spectroscopic constraints show that the carrier of ther8.2 the 3.3,m feature is 0.005 - 0.01, a factor 2 to 4 below the detec-

feature has properties similar to gaseous aromatic species, i} |imits. A prior detection of the 6.2m feature in absorption
size of the carriers to particles containing at most a few thousa@ghorted by Schutte et al. (1996). The strength of this band per
C atoms. This would imply that the carriers of the absorptiqihit silicate depth is somewhat lower than for the@n2feature
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Table 5.(Upper limits to) the integrated strengths of features of several organic molecular groups as observed towards WR118, with corresponding
abundances. The hydrogen column density towards this source, derived from the depth ofithéefire, equals 2.530%2 cm 2

Feature Position FWHM Band strength  7;,,; N/N(H) N/Nso1:4(C)
em™  pm  em™'  um cm/C atom  cm™!
R — NHs; NH str. 338 296 17¢ 0.15 1.7 ¢18) <6 <144 <0.93
Hydroxy OH stretch 3290 3.04 308 0.28 517) <17 <1.3(5) < 0.09
Aromatic CH stretch 3040 3.29 40 0.04 1:318)° <09 <2.7(-5) < 0.18
Combined aliphatic
asym.CH,/CH3 stretch 2920 3.42 65  0.08 708y 3.4 1.9€5) 0.13
Nitrile CN str. 2248 445 20 0.04 117¢ <06 <2.4(-6) < 0.016
Carbonyl CO stretch 1720 5.85 46 0.14 217) 1.6 3.2¢6) 0.021
Aromatic CC stretch 1610 6.21 38 0.15 - 23 - -
Hexamethylene Tetramihe 1000 10.0 18 0.18 8.3(19) <11 <52(5) <0.34
Aromatic CH bend 890 1124 22 028  3:218) <10 <1.2(5) <0.08

2 \Wexler 1967, unless otherwise not&daldrich 1981 ;¢ Averaged over th€H, andCHj contributions (Tielens et al. 1996);
4 Schutte et al. 1993;Bernstein et al. 1997;Bernstein et al. 1995

in the diffuse sources of this paper. However, baseline ambigdéensation in the outflow of Carbon stars is not the main source
ties make the shape and strength of this band uncertain, andofvimterstellar PAHSs.

therefore postpone a detailed discussion to a later paper (KeaneThe absence or weakness of features due to organic molecu-
et al., in preparation). lar groups besides the well-known 3. aliphatic CH stretch-

An upper limit to the abundance of Hexamethylenimg band shows that interstellar carbonaceous dust material is
Tetramine (HMT) is also provided by Table 5. HMT is the domipoor in oxygen as well as hydrogen. An extensive discussion
nant product in the organic material produced by the photolysitthe possible ways of forming interstellar dust was given by
of ices containing considerable quantities of methanol (Berhielens et al. (1996). Basically, two different sources of car-
stein et al. 1995), and could be present if UV processing lbbbnaceous dust may be considered. First, carbon particles can
ices in dense interstellar clouds is the origin of the carbonae injected into the ISM by Carbon-rich AGB stars as well as
ceous mantles (Greenberg 1979; Greenberg et al. 1995; seeatBer mass-losing objects such as supernovae. Second, carbona-
Sect. 7). ceous dust may be formed in-situ in the ISM, likely through

energetic processing of the icy mantles on grains inside dense
. ) clouds (Greenberg 1979; Greenberg et al. 1995). In the former
7. Discussion case the low oxygen content is readily explained by the forma-

The 6.2um absorption feature in the diffuse medium is the ablon of CO in the stellar outflow, which consumes the oxygen
sorption counterpart of the well-known UIR emission band Bfi°r to the formation of the carbon grains (Cherchneff 1997).
this wavelength. Its strength is consistent with current best d41€ low hydrogen content is explained by the high condensa-
timates of the abundance of carbon in gaseous PAHs 6f {on temperature for the carbon particles in the stellar outflow
x 10~ relative to hydrogen, showing that the interstellar PAK~ 1000 K; Martin & Rogers 1987), preventing the' Incorpora-
abundance cannot be much lower than this. Furthermore, it ipn of hydrogen in the solid (Borghesi et al. 1987; Mortera &
dicates that the strong enhancement of the.1Zeature upon LOW 1983). On the other hand, UV photolysis of interstellar
ionization observed for PAHs up te 30 C atoms (Langhoff C& a_nak_)gs containing,O and CO re_sult in organic material
1996) should also occur for the few hundred C atom PAHs whilat IS highly oxygen and hydrogen rich (Agarwal et al. 1985;
contribute most of the absorption feature. This conclusion wB§99S et al. 1992). Therefore, if production took place by pro-
earlier reached from modelling of the UIR emission spectruf$Ssing of such ices, the original organic material must have
(Schutte et al. 1993). been thorougly carbonized by, e.g, UV irradiation in the dif-
There appears to be no significant difference in the strenéﬁ:ﬁ’e mte_rstellar medium (Jenniskens et al. 1993). While such
of the 6.2um band per unit silicate band depth for the Galactiy0c€ssing should lead to a steady decrease of the oxygen con-
Center Sources and the more local sources (Table 3). A decrd§8& the dehydrogenation may be balanced by reactions with the
of the abundance of PAHs would be expected if they are pRPundant hydrogen atomic gas. Thus the degree of hydrogena-
marily formed in the outflow of Carbon-rich mass loosing AG gion of the solid carbon in the diffuse medium could be the result
stars (Frenklach & Feigelson 1989; Cherchneff et al. 199 the equilibrium between these processes, rather than reflect
since the number of Carbon- relative to Oxygen-rich AGB stald€ composition of the material at its formation. Further labora-
drops considerably towards the Galactic Center (Blanco 1968 work is necessary to investigate this possibility. If methanol
Thronson et al. 1987; Jura 1990). The constancy of the stren the dominant carbon carrier in the original dense cloud ices,
of the 6.2um band towards the GC may thus indicate that coﬁ'—ﬁl‘forg""niC material produced by UV irradiation is oxygen poor
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and is dominated by the formaldehyde polymerization proddittle or no gradient in the abundance of PAHs and PAH clusters
Hexamethylene Tetramin€’{H,,N,; Bernstein et al. 1995). towards the galactic center.
The upper limit to the quantity of HMT in the interstellar solid  The non-detection of the strong stretching modes of the hy-
carbon is presently not very strict (Table 5). Further observdroxyl (OH) and carbonyl (CO) organic groups in any of our
tional and experimental studies are necessary to test whetimers-of-sight indicates that the carbonaceous dust material in
the observational constraints to the composition of the carbotiae diffuse interstellar medium probably contains only small
ceous grain material can be reproduced by processing in thentities of oxygen (O/& 0.11). Likewise the amount of hy-
diffuse medium of organic material created by irradiation of icgrogen is limited (0.135 H/C < 0.31). This indicates that the
mantles in dense clouds. carbon dust either originates from carbon stars, or was formed
from the oxygen and hydrogen rich organic material produced
by energetic processing of ices in dense clouds, by subsequent

, heavy UV processing in the diffuse medium.
8. Conclusions
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