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Abstract. Using the Plateau de Bure interferometer, we
searched for λ3mm absorption lines of C2 H, C3 H2 , C3 H, and
C4 H from the diffuse and very marginally translucent clouds
which lie toward a sample of compact extragalactic mm-wave
continuum sources. The C2 H survey in particular is nearly the
equivalent of our earlier, exhaustive study of HCO+ absorption,
albeit with lower signal/noise.
C2 H lines are found corresponding to all components detected in HCO+ which places C2 H in a small group of the
most ubiquitous molecules we have studied – OH, HCO+ and,
from this work, C2 H and C3 H2 . But the relationship between
N(C2 H) and N(HCO+ ) is highly non-linear, as seems to be
the case for all species beside OH. N(C2 H)/N(HCO+ ) is actually relatively high at small N(HCO+ ), 20-40, and declines
at higher column density despite a typically steep increase of
N(C2 H) around N(HCO+ ) ≈ 1012 cm−2 . On the whole we find
a mean over all features of hN(C2 H)/N(HCO+ )i = 14.5 ± 6.7
or hN(C2 H)/N(H2 )i ≈ 2.9 ± 1.3 × 10−8 .
By contrast, C2 H and ortho cyclic-C3 H2 vary in nearly fixed
proportion, hN(C2 H)/N(C3 H2 -(o))i = 27.7 ± 8.0, leading to a
total C3 H2 abundance N(C3 H2 )/N(H2 ) ≈ 1.4 ± 0.7 × 10−9 and
(hN(C3 H2 )/N(HCO+ )i ≈ 0.7. Our observations of the highlying C4 H lines at 95 GHz do not place sensitive limits on
N(C4 H)/N(HCO+ ). The C3 H data are somewhat more restrictive, and we find N(C3 H)/N(HCO+ ) < 0.065 in one direction
but more generally we have only that N(C3 H)/N(HCO+ ) < 4.
The linewidths of C2 H, C3 H2 , and HCO+ are sensibly identical.
In comparing the abundances of many simple species in
diffuse, translucent, and dark gas, we see that the relative abundances of OH, HCO+ , CH, and C2 H are relatively constant, but
those of C3 H2 and C3 H are noticeably larger in TMC-1.
Key words: ISM: abundances – ISM: clouds – ISM: molecules
– ISM: structure – radio lines: ISM

1. Introduction
The simple hydrocarbons CH (Swings & Rosenfeld 1937)
and CH+ (Douglas & Herzberg 1941) were among the first
Send offprint requests to: H.S. Liszt (hliszt@nrao.edu)

molecules identified in the interstellar medium, in what have
come to be known as diffuse clouds. Although Swings and
Rosenfeld noted that CH, OH, NH, CN, and C2 were obvious candidates for identification, the program of finding
all of these simple species was not completed for 55 years
(Meyer & Roth 1991). Indeed, the notion of a separately identifiable molecular component of the interstellar medium was
slow to develop and we are actually still discovering, and being
surprised by, the ubiquity of molecules in the diffuse ISM.
One of these surprises was the widespread presence
(Matthews & Irvine 1985; Cox et al. 1988) of the cyclic ring
species C3 H2 (Thaddeus et al. 1985b; Vrtilek et al. 1987); having 5 atoms, and forming (almost certainly) as the recombination
or dissociation product of a even larger species (at the very least,
from C3 H+
3 + e → C3 H2 + H) we are reminded once again that
the actual complexity of diffuse cloud chemistry is viewed only
very dimly in those species which we have yet surveyed.
In our work, we have shown that many species viewed
through the technique of mm-wave absorption pioneered
by (Marscher et al. 1991) are present with abundances remarkably like those which occur in dense dark clouds
(Lucas & Liszt 1993, 1994, 1996): examples are HCO+ , HCN,
C2 H and species familiar from earlier work like H2 CO
(Liszt & Lucas 1995) and CN. Although the high abundances
of such species in diffuse gas are not understood, they imply
that some of classical problems of interstellar chemistry must
be recast. For instance, if the observed, relatively constant abundance of HCO+ is inserted into very standard models of diffuse
gas undergoing the HI-H2 transition, it follows with no other
assumptions that the observed variation of N(CO) and N(H2 )
can be explained over the entire range 1012 cm−2 ≤N(CO)≤
3 × 1016 cm−2 simply by the reaction HCO+ + e → CO + H
(Liszt & Lucas 2000). In like fashion, with high demonstrated
abundances of HCN, C2 H or C3 H2 need one really worry very
much about making CH, CN, C2 , or C3 ?
Here we report the results of a survey of mm-wave absorption from various hydrocarbons – C2 H, ortho- and para-cyclicC3 H2 C3 H, and C4 H– which occur in the clouds occulting our
usual sample of compact extragalactic mm-wave continuum
sources. Most of the work consists of a very large survey of
the 87.3 GHz C2 H N=0-1 lines which fully complements our
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Table 1. Background Source and profile rms
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VLSR (KM S-1)
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Fig. 1. C2 H absorption spectra for two sources, showing four hyperfine components. The velocity scale is relative to the frequency of the
strongest component; in the upper figure, the velocity scale differs between the right and left frames.

earlier, analogous report on HCO+ (Lucas & Liszt 1996). Although it is C3 H2 which is understood to be so ubiquitous, and
although it was only several years after its discovery that C2 H
was found in any molecular clouds except the densest GMC’s
(Wootten et al. 1980), C2 H emission is widespread over the entire inner galactic plane (Liszt 1995). C2 H is more abundant
than C3 H2 by roughly a factor thirty, and is more favorably observed despite its lower dipole moment (0.8 vs. 3.27 Debye).
The abundances of C2 H and C3 H2 increase infixed proportion
with respect to each other, and they vary differently with respect
to the exemplars of other chemical groupings, notably HCO+
and OH, or HCN, HNC, and CN. The other chemical groups will
be the subject of forthcoming papers in this series, beginning
with HCN, HNC, and CN. A recent, more comprehensive summary of profiles in OH and HCO+ (cf. Liszt & Lucas (1996))
which might be considered Paper 0 in this series, will appear
shortly (Liszt & Lucas 2000).
The observations and manner of data-taking are discussed
in Sect. 2. Sect. 3 is a presentation of the observational results
and Sect. 4 is a brief discussion of molecular origins.
2. Observations
2.1. C2 H
The bulk of the work reported here is a survey of
87 GHz N=0-1 C2 H absorption meant to complement
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our earlier, approximately flux-limited survey of HCO+
(Lucas & Liszt 1996). The 87 GHz spectrum of C2 H
(Tucker et al. 1974; Gottlieb et al. 1983a) has 6 hyperfine components of relative LTE strengths 43:417:208:208:83:43 in the
spectral region from 87.28416 to 87.44651 GHz. The strongest
line at 87.316924 GHz was taken as the zero-velocity rest frequency for our work. We typically observed the strongest four
components as shown in Fig. 1.
Table 1 shows the list of background sources observed, their
galactic coordinates and the rms error in the line/continuum ratio, which is also the rms error in optical depth in the optically
thin limit. In Table A1 of the Appendix we show the results
of gaussian fitting, done simultaneously to whichever subset of
the hyperfine structure was actually observed. The optical depth
quoted at line center is for the strongest component (but results
from a fit to multiple components assumed to appear in the LTE
ratio) and the integrated optical depth is the sum over all six
hyperfine components, which we derive by a simple scaling to
account for that (smaller) fraction of the line which was not actually observed. In the limit of no collisional excitation above the
black body background (all excitation temperatures = 2.73 K),
the optical depth integrals are related to the total
R column density
via N(C2 H) = 1.70 N0 = 2.71 × 1013 cm−2 τ dv, where we
have taken the permanent dipole moment as 0.8 Debye. Com-
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Fig. 2. Digest of detected C2 H 87.3GHz absorption profiles seen at the Plateau de Bure Interferometer for the strongest hyperfine component of
the N=0-1 transition. The channel spacing is 78kHz and the resolution is 140 kHz (0.48 km s−1 )

parison with the analogous expressions for C3 H and C4 H in
Sects. 2.3 and 2.4 will show why our limits on those species are
poor: the correction for the partition function is much larger.
The data were taken at various times between mid-1993 and
mid-1997. In all cases the spectral channel separation was 78.1
kHz (0.268 km s−1 at the strongest hyperfine component). The
actual resolution of the data shown here is lower, however, 140
kHz (0.481 km s−1 ).
2.2. Cyclic C3 H2
We observed 101 − 212 absorption from ortho cyclic-C3 H2 at
85338.91GHz and 111 − 202 absorption from para cyclic C3 H2
at 82093.56 GHz, both of which arise from levels within about
2 K of the ground state (Vrtilek et al. 1987). The ratio of statis-

tical weights is ortho:para = 3:1. The spectra were taken over
the period 1994-1997 with the usual 140 kHz- wide channels
sampled at 78.1 kHz intervals, leading to a velocity resolutions
of 0.285 and 0.274 km s−1 for the para and ortho lines. For
B2200+420, we also took a 1997 spectrum with two times narrower channels, as shown in Fig. 3. The 7 sources observed are
noted in Table 1, where the rms noise in baseline line/continuum
ratio for the ortho-species is given in the last column.
The dipole moment of C3 H2 is 3.27 Debye
(Lovas et al. 1992). The column density and integrated
optical depth (for the transitions observed
here) are related
R
by N(C3 H2 -(o)) = 4.36R× 1012 cm−2 τ dv, or N(C3 H2 -(p))
= 5.47 × 1012 cm−2 τ dv, in the limit of no collisional
excitation above the cosmic blackbody background.
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that much better limits on the abundance of C4 H would be available for the 10 GHz transitions from lower-lying transitions, in
cases of weak collisional excitation.
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Fig. 3. C3 H2 -(o) absorption spectra for four sources. The profile for
B1730-130 has been multiplied by a factor two. Toward B0415+379
at upper right, the profile for C3 H2 -(p) is shown shaded.

The products of gaussian fitting of the C3 H2 -(o) profiles are
given in Table A2 of the Appendix.
2.3. Linear C3 H
We observed the J=7/2-9/2 transitions of linear C3 H near
97995.45 GHz, i.e. the two hyperfine components separated
by 0.75 MHz (Gottlieb et al. 1986). For a dipole moment of 3.1
Debye, using the partition function of Thaddeus Ret al. (1985a),
we find N(C3 H) = 44.7 N7/2 = 1.61×1014 cm−2 τ7/2−9/2 dv
in the limit of no excitation above the cosmic microwave background. For the line of sight toward B0415+379, we find N(C3 H)
< 0.065 N(HCO+ ) at the 2σ level, while for B0355+508,
B0528+134, B1730-130, and B2251+158, we have coinciden+
tally similar but much poorer limits N(C3 H) <
∼ 4 N(HCO ).
2.4. C4 H
We observed one of the paired spin doublets of the J=9-10
transition of C4 H at 95188.94 GHz (Gottlieb et al. 1983b). For
a dipole moment of 0.9 Debye, and in the limit of no collisional excitation,
it follows that N(C4 H) = 1545 N9 = 7.25 ×
R
1016 cm−2 τ dv where the integral is taken over one spin doublet. This leads to rather poor limits, the best of which is N(C4 H)
< 666 N(HCO+ ) toward B0415+379 (2σ). For B0355+508,
B0528+134, B1730-130, and B2251+158, we have only that
N(C4 H) < 1500-2200 N(HCO+ ). It is straightforward to show

The individual C2 H spectra are displayed in Figs. 1 and 2. There
were no detectable anomalies in the ratios of the hyperfine lines
and the line parameters in Table A1 derive from a simultaneous
fitting of several hyperfine components under the assumption of
LTE line ratios.
In our earlier work (Lucas & Liszt 1997) the systematic
variation of C2 H and HCO+ was not readily apparent, owing to
the small number of lines of sight, and it appeared that C2 H
and HCO+ were largely decoupled. Fig. 4 at bottom shows
perhaps the most important results of this work: that C2 H is
as widespread as HCO+ , that the C2 H/HCO+ ratio actually is
fairly high (in the mean) at low column density where values as
high as 35 are seen at N(HCO+ )= 2 × 1011 cm−2 , and that the
column densities of C2 H and HCO+ are strongly coupled.
For the C2 H/HCO+ abundance ratio we calculate an unweighted mean over the individual components of 14.5±6.7,
implying N(C2 H)/N(H2 ) ≈ 2.9 ± 1.3 × 10−8 assuming N(HCO+ )/N(H2 ) = 2 × 10−9 (Lucas & Liszt 1996;
Liszt & Lucas 1996, 2000).
3.2. C3 H2
Spectra of C3 H2 -(o) toward 4 sources are shown in Fig. 3 and
Table A2 lists the decomposition products of all detected lines.
The detection toward B0528+134 is rather marginal. The column densities of C3 H2 and C2 H are strongly and nearly linearly
related, as shown in Fig. 4 at top. Given the long-known ubiquity of C3 H2 , the strong correlation between C3 H2 and C2 H
reinforces the notion that C2 H is ubiquitous as well. The mean
abundance ratio weighted by the variance is hC2 H/C3 H2 -oi =
27.7±8, and for the abundance we have N(C3 H2 )/N(H2 ) = (4/3)
N(C3 H2 -(o))/N(H2 ) = 1.4 ± 0.7 × 10−9 .
3.2.1. The ortho/para ratio in C3 H2
We detected para-C3 H2 toward B0355, B0415, and B1730
finding para/ortho ratios of 0.29±0.060, 0.56±0.083, and
0.243±0.060 respectively. The weighted mean of these is (coincidentally) 0.33. The line of para-C3 H2 toward B0415 is shown
in Fig. 3.
3.3. C4 H and linear C3 H
For the line of sight toward B0415+379, we find N(C3 H) <
8.7×1011 cm−2 at the 2σ level, or N(C3 H) < 0.065 N(HCO+ ).
For B0355+508, B0528+134, B1730-130, and B2251+158, we
have coincidentally similar but much poorer limits N(C3 H) <
∼
4 N(HCO+ ).
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Species

ζ Oph

This Work

TMC-1

BD-G

OH
CO
HCO+
C+
C
C2
C3
CH
CH+
C2 H
C3 H
C3 H 2
C4 H

10
480
0.2
26100
700
3.3
< 0.012
5.4
6.3

7
0.2

30
8000
0.8

1-2

2

1.6-4.2
< 0.02
0.07-0.21

7
0.05
3
2.0

10
41
0.009
89100
720
3.7
10−5
3.9
0.006
0.4

N(C2H) [cm-2]

Table 2. Relative abundances 108 × N()/N(H2 )

1013

1012
1011
N(C3H2) [cm-2]

This work: N(C3 H2 ) = 4/3× N(ortho-C3 H2 ); CH is our unpublished
work and N(OH) = 35× N(HCO+ ) (Liszt & Lucas 1996)
TMC-1: results from Ohishi et al. (1992)
ζ Oph: N(C+ ) is from Cardelli et al. (1993)
BD-G: results from model ζ Oph G of Van Dishoeck & Black (1986)

4

N(C2H) [1013 cm-2]

As noted in Sect. 2, the mm-wave lines of C4 H are too high
up the rotation ladder to derive good limits in the absence of
substantial excitation. Our result that N(C4 H) < 1000-2000
N(HCO+ ) is of little interest. C4 H is better studied at λ3cm
than λ3mm.

1012

1013

2

1012

3.4. Linewidths and kinematics
A plot of the linewidths of C2 H and HCO+ shows a dominant
linear relationship with some significant outliers. The outliers
can all be attributed to weak or blended lines and we conclude
that there is no statistically significant difference between the
derived linewidths of these species.
Fig. 5 shows a comparison of C2 H (histogram) and HCO+
(shaded) profiles in three sources (see the figure caption for an
explanation of scaling). The tendency for the C2 H/HCO+ ratio
to be high in some weak lines is evident in the -11 km s−1 gas
toward B0212+735 and perhaps between the two components
around -10 km s−1 toward B0355+508, although the HCO+
profile in this direction has somewhat higher resolution. Toward
B1730-130 the HCO+ may be narrower, but the baseline level
in the C2 H profile seems somewhat uncertain. Fig. 6 shows a
comparison of the C2 H toward B0415+379 with OH, H13 CO+
(because H12 CO+ is somewhat saturated) and C3 H2 . The best
match for the C2 H is actually with C3 H2 .
Clearly, there are no systematic differences between the
kinematics of C2 H and those of the other species.
4. Comparative chemistry of simple carbon chains
and hydrocarbons
4.1. Comparison with some prior results for C3 H2
C3 H2 was discovered in the interstellar medium along lines
of sight lacking truly dark clouds (Matthews & Irvine 1985),

1011
0

1012

1013

2
4
6
N(HCO+) [1012 cm-2]

8

Fig. 4. Top: variation of C2 H with C3 H2 : the regression line has a
power law slope of 0.86 ± 0.13. Bottom: N(C2 H) vs. N(HCO+ ) on
linear and (inset) log scales.

for instance toward Cas A. Cox et al. (1988) observed C3 H2
in absorption from diffuse gas, including two lines of sight in
common with this work: NRAO150 (=B0355+508), and 3C111
(=B0415+379). The ambient hydrogen number densities they
derived from a comparison of 18 and 21 GHz ortho-and paraabsorption line strengths, n(H2 ) = 2 × 103 − 2 × 104 cm−3 ,
which were used in their excitation calculations, seem ruled
out by the general weakness of mm-emission from species like
HCO+ and HCN (Lucas & Liszt 1996; Liszt 1997). Nonetheless, their column densities are in excellent agreement with ours.
Their values are 6.3 × 1012 cm−2 and 4.8 × 1012 cm−2 for
NRAO150 and 3C111, respectively, while ours (4/3 × N(C3 H2 (o))are 6.4 × 1012 cm−2 and 4.3 × 1012 cm−2 .
Therefore, differences in quoted relative abundances must
arise from normalization, i.e. the means used to estimate N(H2 ).
For instance, toward 3C111, which we discussed at some length
in Lucas & Liszt (1998) (N(HCO+ ) ≈ 1.2 × 1013 cm−2 ),
Cox et al. (1988) used N(H2 ) = 5 × 1020 , implying a very high
value for N(HCO+ )/(H2 ) = 2.4 × 10−8 . The extinction in this
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Fig. 5. Comparison of C2 H (lines) and HCO+ (shaded bars) spectra
scaled to the area of the C2 H profile over various velocity ranges: at
top, for v > -1 km s−1 ; otherwise, over the whole profile.

direction is probably not less than 2 magnitudes, which is consistent with a relative abundance of HCO+ below about 6 × 10−9 .
4.2. Relative abundances in diffuse, translucent,
and dense clouds
Table 2 is a compilation of relative abundances covering diffuse and translucent clouds in the range AV = 1-10 mag.
The first column is a digest of species seen in optical and
UV absorption toward ζ Oph, mostly from the tables of
Van Dishoeck & Black (1986); this line of sight has AV = 1
mag and the HCO+ column density is taken from the study
of HCO+ emission by Liszt & Lucas (1994), for a density of
n(H2 ) = 200 cm−3 . The column headed “This work” is
meant to be representative of the present results. The column marked “TMC-1” contains entries from the compilation

B0415+379

OH1667 x2.55
-5

0

B0415+379

H13CO+ x 6.5
-5

0

B0415+379

C3H2(o)x1.75
-5
0
VLSR (KM S-1)

Fig. 6. Comparison of C2 H and other spectra (shaded) scaled to the
area of the C2 H profile, toward B0415+379.

of Ohishi et al. (1992), which were normalized using N(H2 ) =
1022 cm−3 or just over 10 magnitudes of visual extinction. The
last column shows the results of Model G of the ζ Oph line
of sight by Van Dishoeck & Black (1986), the most exhaustive
study of quiescent, moderate-density, diffuse cloud chemistry.
Clearly, the abundances of many species – OH, HCO+ and
C2 H– vary little from diffuse to dark gas: paradoxically, the
seemingly ubiquitous species C3 H2 is not one of them. Instead,
it, like C3 H, grows substantially more abundant in denser gas
seen at higher extinction in dark clouds. By contrast, the abundance of CH probably declines by a small factor in denser material. An identical pattern, C3 /C2 << 1 and C3 H/C2 H << 1 is
repeated in diffuse gas and TMC-1. The abundances of species
determined in emission are typically subject to uncertainties of
factors of a few toward TMC-1 while the abundances seen in
this work inherently vary by like amounts.
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4.3. The relative abundance of the linear
and cyclic forms of C3 H2
Cernicharo et al. (1999) recently detected linear C3 H2 (l-C3 H2 )
in absorption from the so-called spiral-arm clouds seen in absorption toward giant HII regions in the galactic plane (W49,
W51, Sgr B2): we have also studied some of these sources,
albeit for a very limited purpose; with reference mostly to
SiO (Lucas & Liszt 2000). Cernicharo et al. (1999) find that
the o-C3 H2 /l-C3 H2 ratio in the spiral-arm clouds, roughly 5,
is an order of magnitude larger than what is found in dark
clouds like TMC1 (where it is of order 50-100). The spiralarm clouds have somewhat thicker gas columns than those
seen in absorption toward our extragalactic sources, by factors of a few or more. For instance, at +39 km s−1 toward
W49, where N (o − C3 H2 ) = 3.5 × 1012 cm−2 (some three
times larger than any single feature seen here), our recent
work (Lucas & Liszt 2000) showed N(HCO+ ) ≈ 60 N(H13 CO)
= 1.9 × 1013 cm−2 or N(C3 H2 )/N(HCO+ ) ≈ 0.18, about a
factor 4 higher than the mean for the clouds studied here. Apparently, the relative abundance of cyclic-C3 H2 increases faster
than that of linear-C3 H2 during the transition from diffuse to
darker material.
5. Diffuse cloud chemistry
Models of quiescent diffuse cloud gas-phase chemistry have
their few possible successes – OH, CH, C2 , CN (see Table 2
and Federman et al. (1994)) – a couple of long-recognized failures (CH+ , CO) and a host of new problems like C2 H, HCO+ ,
H2 CO, and so on. The basic problem for the chemistry of trace
species – how to get the ambient oxygen and carbon into molecular ions – is two-fold: atomic oxygen is only weakly ionized
(by endothermic charge exchange with H+ ) and so does not participate in rapid ion-molecular hydrogen abstraction reactions
(O+ + H2 → OH+ + H), and the first ion of carbon unforgivably does not react rapidly with H2 . At thermal speeds, radiative
association is slow and at thermal temperatures the endothermic
hydrogen abstraction reaction (C+ + H2 → CH+ + H) cannot
proceed.
The outstanding failure of conventional models of quiescent diffuse cloud chemistry to reproduce the observed amounts
of CH+ (by far the largest discrepancy in Table 2) led originally to the idea of CH+ formation in interstellar hydrodynamic shocks (Crutcher 1979; Elitzur & Watson 1980), which
was subsequently generalized to a magnetohydrodynamic shock
(Draine & Katz 1986) and serves as the basis for several other
approaches.
The idea of models incorporating the interstellar magnetic
field is to accelerate the dominant ionic species C+ and so
drive the otherwise slow reactions of C+ and H2 (among other
things) without overproducing OH and H2 O, as would occur if too much of the gas is heated (Falgarone et al. 1995;
Federman et al. 1996). Bulk shock models fell from favor for
nearly a decade, owing to several things; their prediction of
velocity shifts, typically amounting to a few km s−1 between
molecular ions (CH+ ) and other species, which were seldom
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if ever observed; their seeming inability to produce N(CH+ )
in excess of 1013 cm−2 per cloud; and the gradual emergence
in the data of a correlation between N(CH+ ) and reddening
(Gredel et al. 1993). But they have recently been rexamined
and shown to produce, of all things, the observed correlation
between OH and HCO+ (Flower & Pineau Des Forêts 1998).
Problems with predictions of unobserved kinematic differences between HCO+ and other species persist, however
(Liszt & Lucas 2000), in these models.
In an effort to solve the CH+ problem without the problematic aspects of large-scale interstellar shocks, several proposals have been made to drive the C+ + H2 reaction in situ
in diffuse gas (Falgarone et al. 1995; Hogerheijde et al. 1995;
Federman et al. 1996; Joulain et al. 1998), principally by the
dissipation of turbulent (magnetic) energy. If this can be done,
+
relatively large amounts of CH+
2 and CH3 can be sustained, and
+
HCO+ can form from O + CH3 as well as from the reactions
of C+ + OH which dominate in quiescent cloud chemistries. It
is claimed that the surprisingly high abundances we observe in
diffuse gas can be explained in this way, although the similarity
of dark cloud and diffuse gas relative abundance patterns seems
a remarkable coincidence.
Most recently, Viti et al. (2000) have explored the possibility that C+ recombines on grains to form CH4 , which is then
released into the gas phase and where its photodissociation products lead to enhanced abundances of simple hydrocarbons like
C2 H, and to H2 CO, etc. Unfortunately, their results still do not
produce sufficiently high abundances to explain our observations if the visual extinction is assumed to be as low as 1 mag.
The systematics of such turbulent chemistries remain to be
explored but in the meantime we will produce a series of papers,
beginning here, in which the systematics of several chemical
groupings are exposed and compared. The next paper in this
series will deal with cyanogen-bearing species such as HCN,
HNC and CN. This will be followed by works discussing sulphur
chemistry (CS, SO, SO2 , H2 S and HCS+ ), and NH3 and H2 CO.
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Appendix A: products of gaussian fitting
See Tables A1 and A2.
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