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Abstract. We present infrared spectra of gas-phag® ldround um toward 12 deeply embedded massive protostars obtained
with the Short Wavelength Spectrometer on board the Infrared Space Observatory (IS&) rddwébrational band has been
detected toward 7 of the sources and the excitation temperatures indicate an origin in the warfegas 280 K. Typical

derived gas-phase @ abundances areb x 10°5-6 x 107°, with the abundances increasing with the temperature of the warm
gas. The inferred g#solid ratios show a similar trend with temperature and suggest that grain-mantle evaporation is important.
The increasing gé#solid ratio correlates with other indicators of increased temperatures. If the higher temperatures are due to
a larger ratio of source luminosity to envelope mass, this makes gas-pb@se ¢fbod evolutionary tracer. Comparison with
chemical models shows that thredfeient chemical processes, ice evaporation, Aigthemistry, and shocks, can reproduce

the high inferred gas-phase® abundances. In a forthcoming paper each of these processes are investigated in more detail in
comparison with data from the Long Wavelength Spectrometer on board ISO and the Submillimeter Wave Astronomy Satellite
(SWAS). Comparison with existing SWAS data indicates that a jump in g@ &bundance is present and that the obsevyed
ro-vibrational band traces primarily the warm inner envelope.

Key words. ISM: abundances — ISM: molecules — molecular processes — stars: formation — stars: circumstellar matter —
infrared: ISM

1. Introduction absorption can only be detected toward sources with intrinsic

| ¢ haseCHli h b d line widths of at least a few knTs. In addition, no kinematical
n recent years, many gas-phasghilines have been 0e-; ¢, ation can be derived from the data.

tected toward star-forming regions. Prior to the Infrared Space
Observatory (1SO), only a few #D andor isotopic lines Abundances of up to~10 have been detected with
had been observed at submillimeter wavelengths (e.g. Phillig$ toward intermediate- to high-mass star-forming regions
et al. 1980; Cernicharo et al. 1994; Zmuidzinas et al. 199&an Dishoeck & Helmich 1996; van Dishoeck 1998; Nisini
Gensheimer et al. 1996). Observations of intermediate- &@bal. 1999; Ceccarelli et al. 1999). These are in agreement with
high-mass protostars with the Short Wavelength Spectromeiéfariety of chemical models, including highehemistry and
(SWS) on board ISO have led to the detection of more th&hocks, which predict enhanced®abundances far 2 230
30 different ro-vibrational HO absorption lines around@m 300 K where most of the oxygen is driven inte®, as well
(van Dishoeck & Helmich 1996; Dartois et al. 1998as grain-mantle evaporation predicting enhance® tabun-
Gonzlez-Alfonso et al. 1998). The advantage of infrared apances forT 2 100 K (Charnley 1997; Doty et al. 2002).
sorption measurements is that many lines can be observe@atthe other hand, observations of theGH1;0—1o; line at
the same time in a pencil beam toward the infrared sour&.7 GHz obtained in a large-4’) beam with the Submillimeter
This allows a much more accurate determination of the gadave Astronomy Satellite (SWAS) show much lower gas-
phase HO abundance than from submillimeter emission lindghase abundancesot0° to afew 10%in the cold T < 50K)
observed within dterent beams. The disadvantage is the lo@as (Snell et al. 2000; Ashby et al. 2000).
spectral resolution of ISO af/ A1 ~ 1400 around @&m, so that So far, most studies of gas-phasgHhave focussed on a
Send gfprint requests toA. M. S. Boonman, single or a fe_w squrce(s). In this paper, we present the analysis
e-mail-boonman@strw . leidenuniv.nl of the v, ro-vibrational band of gas-phase® around~6 um

* Based on observations with ISO, an ESA project with instrumerf@vard 12 deeply embedded massive protostars. The larger
funded by ESA Member States (especially the Pl countries: Frané@mple presented here allows investigation of general evo-

Germany, the Netherlands and the United Kingdom) and with the phitionary trends. A detailed analysis of this ro-vibrational
ticipation of ISAS and NASA. H,0 band in combination with pure rotational lines observed
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Table 1.Observed sources.

Source RA (2000) DEC (2000) Observation IDure Fluxt Luminosity Distance Referente
y) 10L,  (kpc)
AFGL 2591 2029" 244 +40° 11 19’ 35701221 520 Q2 1 11
AFGL 2136 18227264 -133008” 31101023 150 a 2 11
AFGL 4176 13437024 -62208 52’ 11701605 175 8 4 23
MonR2 IRS3 0807484 —-06°22 55 71101802 150 a3 Q95 45
NGC 7538 IRS 1 2813"454 +61°28 09’ 28301235 100 3B 28 11
NGC 7538 IRS 9 2814014 +61°27 20’ 09801533 35 o] 2.8 11
NGC 2024 IRS 2 0541M 454 —01°54 34’ 66701228 45 1 a 6,7
AFGL 2059 1804"534 -24°26 45’ 49302585 70 a6 15 23
NGC 3576 1111534 -61°18 25’ 29200143 60 ) 24 2,8
S140IRS 1 2219" 184 +63 1847’ 26301731 180 Q 0.9 11
W33A 18'14™3%4 —-17° 52 01’ 46700521 25 D 4 11
W3IRS5 0225"4G4 +62°05 52 80002247 200 X 22 11

a Continuum flux at~6.5um.

b The first reference refers to the luminosity, the second to the distance.

References: 1. Van der Tak et al. (2000b); 2. Lahuis & van Dishoeck (2000); 3. Henning et al. (1990); 4. Henning et al. (199
5. Giannakopoulou et al. (1997); 6. Thompson et al. (1981); 7. Anthony-Twarog (1982); 8. Persi et al. (1987).

with SWAS and the Long Wavelength Spectrometer (LWS) @pectra is typically 1-3% of the continuum, with the low-
board ISO toward a sub-set of this sample will be presented iest noise level corresponding to the sources with the high-
forthcoming paper (Boonman et al. 2003b; hereafter Paper I&st continuum flux (Table 1). The higher noise level between
All sources in our sample have Iluminosities be~5.7 and 6.2um toward W 33 A is due to the presence of a
tween ~10°-10° L, and have been studied before in othestrong HO ice band resulting in a sharp drop in the continuum
gas-phase molecules, both at infrared and submillimeter wat@~10 Jy.
lengths (e.g. Lahuis & van Dishoeck 2000; Boonman et al. The v, ro-vibrational band of gas-phase,® has been
2003a; van der Tak et al. 2003). In addition, solid-state featumstected toward the sources AFGL 2591, AFGL 2136,
of H,0, CQ, and *CO, toward the same sources have beeSFGL 4176, MonR2 IRS3, AFGL 2059 (M8E-IR), NGC 3576,
analyzed (Keane et al. 2001b; Gerakines et al. 1999; Boogamti W 3 IRS5. For AFGL 2591, AFGL 4176, and W 3 IRS5
et al. 2000). The reduction of the data is described in Secttle SWS AOT6 observations in parallel with the AOT7 Fabry-
Section 3 describes the analysis of the spectra, using pure Rérot scans have been used, since these have a slightly bette
sorption models, and radiative transféliegts are investigated signal-to-noise ratio. For sources for which multiple observa-
in Sect. 4. Finally, the results are discussed in Sect. 5 and tivds exist, the features are very reproducable. The spectra to-
conclusions presented in Sect. 6. ward some of our sources have been analysed previously by
van Dishoeck & Helmich (1996), Helmich et al. (1996), and
van Dishoeck (1998). The reduced spectra presented here are
however of a higher quality, since both the instrument calibra-
The observations of the, ro-vibrational band of gas-phasetion and the reduction routines have significantly improved for
H,O around 6um have been performed with ISO-SWS irthe 5-7um wavelength region compared to those used in 1996.
the AOT6 grating mode, and are summarized in Table Also, the wavelength range shown here is somewhat larger
The spectra toward all sources have been reduced with than in van Dishoeck & Helmich (1996), resulting in the de-
ISO-SWS Interactive Analysis Syste$iA using the ISO @- tection of more HO absorption lines, especially between 6.6
line Processing (OLP version 7) software modules and calibeazd 7um. The detection of the, ro-vibrational band of gas-
tion files. Later versions of this Bline Processing software phase HO toward 7 sources and useful upper limits for the
(OLP versions 8 to 10) have been checked and no significatiter massive protostars will allow to search for evolutionary
improvements are found. Unlike at other wavelengths, the &ends.
7 um region is relatively free from instrumental fringes, but
since defringing does improve the signal-to-noise ratio, a co- )
sine has been fitted to the data (Lahuis & van Dishoeck 2008).Analysis
The depths of the O lines with and without fringe removal
have been compared to make sure that th® Hnes are not
partially removed by the defringing routine. The spectra in Fig. 1 are ordered according to a decreasing
The spectra have been rebinned to fiactive spectral res- temperature of the warm gas, with the warmest sources at
olution of A1 = 0.0042um. These spectra have been dividethe top, usingTex(CoH2) as a temperature indicator (Lahuis
by a manual fit to the LD ice band resulting in the normalised van Dishoeck 2000). Generally, the strongestCHabsorp-
spectra presented in Fig. 1. The hoise level in the final tion is found for the warmest sources. For example, the broad

2. Observations and reduction

3.1. Comparison of the spectra
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Fig. 1. Normalised ISO-SWS spectra of thero-vibrational band of gas-phase®lfor all sources. The (O ice feature has been removed. The
~5.7-6.2um region toward W 33 A is particularly noisy due to the strongHce band for this source. The bottom panel shows@ khodel
spectrum foiTe, = 500 K,N = 2 x 10" cmi?, andb = 5 km s (see Sect. 3).
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feature around 6.63m appears to be strongest for these 600

sources. This feature is a blend of several gas-phase lines with
energy levels2200 K, which can explain its absence in the
cooler sources. The warmer sources generally show more lines
for 2 2 6.5 um, which correspond tdé>-branch lines from
higherJ levels. However, no gradual decrease of the absorption
depth of the/, ro-vibrational band with decreasing temperature
is seen.

400

Temperature (K)

Most of the narrow absorption lines are in fact blends of
two or more lines arising from fferent energy levels, making it
difficult to find trends. The lines at6.05 and~6.12um, which
include the transitions from the ground-states of ortho- and
para-HO respectively, are clearly present in all sources where MonR2 IRS3
the v, ro-vibrational band is detected. In NGC 7538 IRS1 and 0 e ‘18 T ‘
S 140 IRS1, where no detection is claimed, there is a hint of 510 10 1.5 10 2 10

the ground-state line of ortho-8. Column density (em ™)

The sources in which the; ro-vibrational band of gas- Fig.2. Example of they? distribution for MonR2 IRS3 forb =
phase HO is detected show all lines in absorption. Analysi@ km s™ (filled star and solid contours) ari= 2 km s™ (open star
of the same band toward Orion-IRc2 shows Rabranch lines, and dashed contours) showing that for lbwalues b < 2 km s )
with 1 < 6.2 um, in absorption, whereas thebranch @ 2 the column density is not well constrained. The stars indicate the min-

. > o T
6.2 um) is in emission (Gorelez-Alfonso et al. 1998). For this MuUMx" and the contours are 0.2, 1, 3, and 6% above this minimum.

h tincluded Orion-IRc2 in th Vi ftThe latter contour roughly corresponds tasadeviation of the model
reason, we nave not include ron-IRcZ in the analysis o ﬂgm the observed kO band for this source.

sample.

Table 2. Model parameters for the, band of gas-phase 2.

3.2. Pure absorption models Source Tei(H20) N(H20) N(HI®® x(H,0)

K 108 cm? 102cm2?  10°

The spectra have been modeled using the method described.in

Lahuis & van Dishoeck (2000). In this method, synthetic spec- AFGL 2591 4507 35+15 60 58
tra are computed assuming that only absorption takes place andFGL 2136 5002 15+06 75 20
that emission can be neglected. Theeets of emission fill-  ArgL 4176 4002° 15+07 40 38
ing in the absorption are discussed in Sect. 4. The source i§,,,r2 |rRs3 25RO 05402 220 23

assumed to be a homogeneous sphere with a single temper- 10
atureTex and column densitiN, and the molecular line data NGC 7538 IRSL 500 <05 41 <12

. NGC 7538 IRS9 300 < 0.6 01 < 60
from the HITRAN 2000 databast{tp://www.hitran. com) NGC 2024 RS2 5 <03 - _
?hre u:[sr(]ad. T?e mt(r)]dels aTe mlore ?insm;/e to I'_[f@ mst\évgd;] AFEGL 2059 50030 0.6+03 2 3

an those for other molecules. Therefore, line wi
. ; ' ; . N 7 50 .9+ 0. 4

1.5-10 kms* have been investigated. The resulting synthetic GC 3576 506 0903 23
spectra have been convolved to the nominal spectral resolutio

r$ 140 IRS1 390 <03 22 <14
of the ISO-SWS spectra for comparison with the data. W33 A 120 <08 69 <12

W 3 IRS5 40@%@8 03+01 6.2 05

The best fit to the data has been determined using the fe= 1
ducedy?-method. Figure 2 shows an exampleydfcontours |, Forb =5 km s™. . .

v . . . o From Lahuis & van Dishoeck (2000), unless otherwise noted.

for the source MonR2 IRS3 for filerent line widths. This fig- N(H;0)/N(HY.
ure illustrates that for IOV\b—vaIugs (i.,eb s 2 km s?) the « Using N(lSéo) from Giannakopoulou et al. (1997), adopting
temperature and column density of gas-phas® Hire not 12co13co = 60 and®?COH, = 2 x 10°4.
well constrained. In the following analysis a line width of T_,(C,H,) from Boonman et al. (2003a).
b = 5kmsis adopted for HO. This corresponds to the mear T,,(C,H,) from Lahuis & van Dishoeck (2000).
value of the'3CO v = 1-0 absorption line widths found by? T(*2CO) from Lacy et al. (1994).
Mitchell et al. (1990). Fob = 5 km s, the column den- " Tel(**CO) from Mitchell et al. (1990).
sity of gas-phase $D is well constrained, but the excitation
temperature shows a larger spread than for the, EICN, and
C,H; absorption bands using a similar analysis (Boonman et al. The results show that the detectegHgas is warmTex >
2003a; Lahuis & van Dishoeck 2000). This is due to the aB50 K), but that there is not a clear correlation with(C,H>)
sence of &)-branch in thes, ro-vibrational band of HO. The (Fig. 4). This is probably caused by the large error bars on the
best fitting model parameters for all sources are listed in Tabl&i20 excitation temperature. Van der Tak (2000) argues that
and Fig. 3 shows some good fitting® model spectra for the the dust opacity at @m is comparable to that at 38n, near
source MonR2 IRS3. the GH; absorption band. This would imply that the lack of
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Fig. 3. Example of some good fitting models for the observedo- T (CoH,) (K)

vibrational band of gas-phase® toward MonR2 IRS3, for diierent

excitation temperatures usitig= 5 km s* andN = 5x 10" cm?  Fig. 4. Correlation between the @ excitation temperature and that

(Table 2). The model spectra are shifted+H§.1,-0.2, and-0.3 re- of C,H,, a good tracer of the warm gas (Lahuis & van Dishoeck 2000).

spectively (from top to bottom). Only those sources are shown for which both excitation temperatures
are determined, except for MonR2 IRS3 for whith(*3CO) instead

a clear correlation betweeFs(C,H,) and Tex(H20) is likely of Tex(Csz) is used (Giannakopoulou et al. 1997). The cross denotes
not caused by hot gas-phase@4hidden behind an opaque¥Pca! error bars.

dust layer. Plottinglex(H20) versusT(CO) of the warm gas

from Mitchell et al. (1990) shows the same lack of a cleatill well-constrainedl > 2 km s1), may increase the inferred
correlation. Figure 9 of Lahuis & van Dishoeck (2000) showabundances by factors f.5. Second, part of thej® absorp-

that overall there is a good correlation between the CO atidn may originate in cold kO gas. Using the total Hcolumn
C;H, temperatures. In generalex(CoH,) is preferred as a density instead of the warm component only, results in a fac-
tracer of the inner warm envelope because ffess less from tor of ~2.3 lower HO abundances in the gas-phase compared
confusion by outflow material, and because the absorptiontofthe ices. Fitting a two-temperature component model to the
this molecule is enhanced in the inner region. data, using thé3CO temperatures for the warm and cold gas,
shows that column densities up+a0'® cm2 could be present

in cold H,O gas afl < 100 K. Such large amounts of cold gas
3.3. Abundances should have been picked up with the SWAS satellite, which
The derived HO column densities have been converted ini6 not the case (see Paper Il). Therefore, it is not likely that
abundances with respect to the warmdds, since the spectrathe cold HO gas below~100 K contributes significantly to
show primarily warm HO gas affex > 250 K. The b column  the observed absorption spectra. A third possibility is th&d H
densities in the warm gas have been derived from infrared dBay be destroyed in the gas-phase after evaporation from the
servations of*CO (e.g. Mitchell et al. 1990). A2CO/**CO ra- grains. Current models of gas-phase chemistry predict produc-
tio of 60 and at2CO/H, ratio of 2x 104 have been assumedtion of gas-phase }D in warm regions rather than destruction
(Lahuis & van Dishoeck 2000; Lacy et al. 1994). Typical dee.g. Charnley 1997). On the other hand, processes like X-ray
rived gas-phase #D abundances are5 x 10%-6 x 105, dissociation may be able to destroy some gas-pha€kikithe
increasing with temperature (Fig. 5; Table 2). The derivédarmest regions close to the central radiation source, but this
H,O abundances for AFGL 2591, AFGL 2136, AFGL 4178s not likely to be a significant fraction (see Boonman et al.
and NGC 7538 IRS9 agree well with those previously derive®03a).

by van Dishoeck & Helmich (1996), but the derived® ex- Finally, both the assumption of pure absorption and of a
citation temperatures for these sources seem somewhat higteenogeneous source with a constant temperature and column
than their adopted value dtx = 300 K (Table 2). density may underestimate the,® abundance in the warm

The H,0 ice abundances with respect to cold ¢hs are gas. The ffect of emission filling in the absorption is dis-
shown in Fig. 5 for comparison and are seen to decrease witlssed in Sect 4. In Paper Il it will be shown that combin-
temperature. Using ex(H20) instead ofTex(C;H>) in Fig. 5 ing the inferred temperature and density gradients from van
shows the same trends, although somewhat steeper. This slgg-Tak et al. (2000b) with a detailed chemical model, results
gests that grain mantle evaporation plays an important roleiinH,O abundances 0£10 in the warm gas and can suc-
the production of gas-phase@. cessfully explain the observed ro-vibrational spectrum of gas-

The gas-phase abundance in the warmest source is stifilease HO. Therefore, the dierence between the gas-phase
factor of ~3.5 lower than the ice abundance in the coldebl,O abundance in the warmest source and the ice abundance
source. If the gas-phase,8 results from evaporation of icein the coldest source is probably due to both the assumption
mantles, they are expected to be the same. Tifierdnce may of pure absorption and of a homogeneous source with a con-
have several reasons. First, the adogtechlue may be too stant excitation temperature and column density in the current
large. Adopting a lowel-value for which the column density ismodels.
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Fig. 5. The H,O gas-phase abundances from Table 2 (left panel) and 500 400 600 800

the H,0O ice abundances from Gibb & Whittet (2002) and Gerakines
et al. (1999) (right panel) versigy(C,H,) (Lahuis & van Dishoeck
2000; Boonman et al. 2003a). The ice abundances are with respedtitp 6. Gagsolid ratio for HO versusTe(C;H,). For MonR2 IRS3
cold H, only, inferred from the cold*CO component from Mitchell and S 140 IRSIT(**CO) is used (Giannakopoulou et al. 1997;
et al. (1990) in a similar way as for the warm component (séditchell et al. 1990). The dashed line shows the least-squares fit
text). The crosses denote typical error bars Tgy 2 200 K. For through the data points.

MonR2 IRS3 and S 140 IRST(**CO) is used (Giannakopoulou

et al. 1997; Mitchell et al. 1990).

Tex(CZHZ) (K)

in the absorption lines. If the blackbody temperature is taken
equal toTegx(H20) theP-branch lines appear in emission, while
the R-branch lines are still in absorption similar to what is
The derived gas-phase;8 abundances from Table 2 can bgpserved toward Orion-IRc2 (Goalez-Alfonso et al. 1998).
combined with the corresponding ice abundances from Gibwever, our sources do not show such a phenomenon. This is
& Whittet (2002) and Gerakines et al. (1999) to determine thgobably due to their larger distances compared to Orion allow-
gagsolid ratios. Figure 6 shows that these ratios increase Wjiyy a much smaller part of the beam being filled with emission.

temperature. A similar trend is seen for £@Boonman et al. Thjs emission will be more beam-diluted and thus mof&-di

2003a). Usindlex(H20) instead ofTex(CoHy) in Fig. 6 shows ¢yt to detect.

a similar, but somewhat steeper trend. . .
The low gagsolid ratios generally correspond to those Adopting a homogeneous source with a constant temper-

sources for which the, ro-vibrational band of gas-phase®d ature and density as in Sect. 3 for= 5 km s, shows that
gas-p emijssion starts filling in the absorption significantly gk =

is not detected. This indicates that for those sources either mos . I
of the H,O is still on the grains or that the line widths for_. 6 K, The_resultmg column densme§ are a factor-G-6
higher than in the case of pure absorption.

these sources are smaller than the adopted 5 kms™. A

smaller line width can increase the inferred/gatid ratios for Van der Tak et al. (2000b) and Mueller et al. (2002) have
the colder sources by a factor of a few, but will not change ts8own that temperature and density gradients are present in the
general increase of the gsslid ratio with temperature. Theenvelopes of the massive protostars studied here. Adopting the
observed trend in the gaslid ratio emphasizes the result fronphysical structure from van der Tak et al. (2000b) and assuming
Fig. 5 that grain mantle evaporation plays a role. a Boltzmann distribution in each shell withy equal to the dust
temperature in that shell increases the inferred column density
by similar factors as in the case of a constant temperature and
density.

3.4. Gas/solid ratios

4. Radiative transfer effects

In the previous sections it is assumed that only absorption These factors can easily account for th€edence between
takes place, but especially in the warm gas, emission miéwe HO gas-phase abundances for the warmest sources and
fill in the absorption. For example, toward Orion-IRc2 pathe H,O ice abundances in the coldest sources. Since the in-
of the HO v, band appears in emission (Gatez-Alfonso clusion of emission enhances the abundances in particular for
et al. 1998). In order to investigate thiffect, an excitation the warmest sources, thigfect also preserves the inferred
model has been set-up using rotational energy levels &p{o trends with temperature for the gas-phas®tabundances and
760 cnt! in the ground state anBl ~ 1500 cnT! in the first gagsolid ratios (see Sect. 3). It should be noted that it f&-di
vibrationally excited state. The level populations are calculatedlt to derive accurate abundances when emission is included,
adopting a Boltzmann distribution usifigx from Table 2. As since they depend on the adopted central radiation source. If,
central radiation source, a blackbody is adopted for each objed., the blackbody temperature is taken equal to the dust sub-
at a temperature 100 K higher than the inferred 4@ exci- limation temperature of ~ 1400 K, the inferred column den-
tation temperature, to maximize thé&ert of emission filling sities increase by only a factor sP.
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5. Discussion observations, e.g. with the Heterodyne Instrument for the Far-
] Infrared (HIFI) on board the Herschel Space Observatory are
5.1. H>O as an evolutionary tracer needed to further investigate the origin of the abundant gas-

In Sect. 3 itis found that both the inferred gas-phag® Hdbun- phase HO in massive protostars.

dances and the gaslid ratios increase with the temperature of N @ddition to the high inferred gas-phasg®iabundances
the warm gas, while the 4@ ice abundances decrease. Thiféom the_ infrared abso_rptl_on bands, SWAS observations of
rces in our sample indicate much lowefHabundances

indicates that KO is a good tracer of the warm gas. Higher®Y

9 8 i H
temperatures throughout the envelope are likely due to a hig%ﬁlo— to a fewx10°" in the outer region (Snell et al. 2000).
ratio of the source luminosity to the envelope mass, which!'S Suggests that a jump in the® abundance is present for

may correspond to dispersion of a larger fraction of the efjur sources and that the ISO-SWS observations trace primar-

velope (van der Tak et al. 2000b; van Dishoeck & van der TA¥ e warmer gas in the inner envelope. A similar jump is

2000). Thus, the fraction of warm over cold gas whesOH seen for CHOH toward our sources (van der Tak et al. 2000a).

freezes-out is also increased. This suggests that the soufBeaaPer Il the ISO-SWS observations presented here will be

with higher HO gagsolid ratios are more evolved than sourceombined with the pure rotationgleb lines pbserved With
4SO—LWS and SWAS in order to find a chemical scenario that

with low gagsolid ratios. The sources with the higher gas* | ;
phase HO abundances and gaslid ratios also show evidenceta" €xplain all observedz® lines between 5 and 546m. In
aper Il the three above mentioned processes that can produce

for thermal processing of the ices (Smith et al. 1989; Boogé:ri_ N ) X
et al. 2000; Gerakines et al. 1999). Similarly, other evolutiof!9h HeO abundances of 10, i.e. highT gas-phase chemistry,
ary tracers, such as gas-phase HCBHE CH;OH, and CQ ice evaporation, and shocks, are investigated in more detail.
show their highest abundances @rdgagsolid ratios for the
same sources as gas-phas®Hind the lowest values for thoses 3. comparison to other sources
sources where no gas-phasgHhas been detected (Lahuis &
van Dishoeck 2000; van der Tak et al. 2000a; Boonman et B3O-SWS observations of the intermediate-mass protostars
2003a). Together, this makes gas-phas® Hinother useful AFGL 490 and AFGL 7009S show 4@ abundances of a
tracer of the evolution of massive protostars. few x107 (Schreyer et al. 2002; Dartois et al. 1998), while
abundances of up te-10™* are found toward Orion-IRc2

_ _ (Gonzilez-Alfonso et al. 1998; Harwit et al. 1998; Wright et al.

5.2. Comparison to chemical models 2000). These are similar to the abundances inferred for the mas-

ive protostars in Sect. 3. Toward the low- to intermediate-mass
Envelope models by Doty et al. (2002) and hot core models B : .
Charnley (1997) predict enhanced gas-phas® Bbundances Har forming regions NGC 1333-IRAS 4 and IRAS 16293-2422

7 6
T N . ) i abundances of (3—%) 10~/ for the outer and (3-5} 10°° for
ofupt_o 1U.fqu % 230-300Kinthe case of pure gas p_hast%e inner envelope have been derived indicating a jump in the
chemistry. Similar abundances are predictedlféx 100 K if

) o . . H,O abundance, similar to what is found for our sources in
ice evaporation is included. As noted in Sect. 3, the mcreaaggCt 5.2 and Paper Il (Maret et al. 2002; Ceccarelli et al. 2000)
gagsolid ratios with temperature suggest that ice evaporation P ' ' ' '
is important for our sources. The derived gas-phage bbun-
dances in Table 2 are in agreement with these chemical modglsC .
i . Conclusions

Shock models by Bergin et al. (1998) and Charnley &
Kaufman (2000) show that the,® abundance in post-shock — Thev, ro-vibrational band of gas-phase® has been de-
gas can also reach values up~th0~. The low spectral reso-  tected toward 7 of the 12 sources in our sample. Excitation
lution of the ISO-SWS data does not allow to derive kinematic temperatures ofx = 250 K are found, indicating an origin
information from the observed @ lines, making it diicult in the warm gas.
to distinguish between the envelgpet core models and shock — Typical gas-phase #0 abundances o&5 x 107°-6 x
chemistry. Similarly, a study of sulphur-bearing species, which 10° are derived from pure absorption models indicat-
are thought to be good shock tracers, toward 8 of our sourcesing that HO is abundant in the warm gas. The abun-
cannot discriminate between an origin in the shock or warm dances increase with the temperature of the warm gas
quiescent gas (Keane et al. 2001a; van der Tak et al. 2003). Onwhereas the kD ice abundances decrease. However, the
the other hand, an analysis of gas-phase @Ward the same  gas-phase O abundance in the warmest source is still a
sources by Boonman et al. (2003a) suggests that W43 de- factor of ~3.5 lower than the ice abundance in the cold-
stroyed inT ~ 100-300 K gas by the passage of a shock in est source. Using a more detailed radiative transfer model
the past and is either partially destroyed or rapidly reformed together with the physical structure of the sources shows
through X-ray ionization inff > 300 K gas. The results from  that this diference is probably due to emission filling in
Sect. 4 do not provide strong evidence for the destruction of the absorption lines, which increases the derived gas-phase
H,O gas after evaporation, but destruction of a small fraction of H,O abundances by factors €8—6.
the gas-phase 4@ in the warm interior cannot be excluded at— The inferred ggsolid ratios increase with temperature,
present. Thus, the inferred results for theo-vibrational band suggesting that grain-mantle evaporation is important. The
of gas-phase kD are not inconsistent with the gas-phase,CO increasing gasolid ratio correlates with other heating in-
results from Boonman et al. (2003a). High spectral-resolution dicators, such as gas-phase HCNHg, and CHOH.
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— Comparison to chemical models shows that envelope matkimich, F. P., van Dishoeck, E. F., Black, J. H., et al. 1996, A&A,
els and hot core models can explain the derived gas-phase315, L173
H,O abundances, but that shock chemistry predicts sifenning, Th., Pfau, W., & Altenhf§ W. J. 1990, A&A, 227, 542
ilar abundances. A more detailed modeling of the gagenning, T., Chini, R., & Pfau, W. 1992, A&A, 263, 285
phase HO lines including the physical structure of thé‘€ane, J. V., Boonman, A. M. S., Tielens, A. G. G. M., &

. . . . van Dishoeck, E. F. 2001a, A&A, 376, L5
%bE;;Z?ITd dterent chemical scenarios will be presenteIgeane, J. V., Tielens, A. G. G. M., Boogert, A. C. A., Schutte, W. A,

The derived h a abund h & Whittet, D. C. B. 2001b, A& A, 376, 254
— The derived gas-phase,8 abundances are more t a0 acy, J. H., Knacke, R., Geballe, T. R., & Tokunaga, A. T. 1994, ApJ,

2 orders of magnitude higher than those derived from 45g | g9
SWAS observations toward the same objects, suggestinguis, F., & van Dishoeck, E. F. 2000, A&A, 355, 699
that a jump in the HO abundance is present and that theiaret, S., Ceccarelli, C., Caux, E., Tielens, A. G. G. M., & Castets,
ISO-SWS observations presented here trace primarily the A. 2002, A&A, 395, 573
warmer inner envelope. Mitchell, G. F., Maillard, J.-P., Allen, M., Beer, R., & Belcourt, K.
1990, ApJ, 363, 554
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