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ABSTRACT. The number of known interstellar molecules has increased 

steadily since 1970 and stands presently at 68. Of the molecules 

discovered in recent years more than half contain three or more heavy 

elements. 

The number of sources where H C 5 N or H C 3 N has been detected now 

includes 21 dark clouds, four circumstellar shells, two bipolar nebu-

lae, the line of sight to the Cas A supernova remnant, and possibly a 

comet. The more abundant large molecules are useful diagnostic 

probes, and preliminary statistical equilibrium calculations of the 

widespread new ring, C3H2 5 are presented which indicate its usefulness 

as an indicator of H 2 density. 

1. INTRODUCTION 

The search for new chemicals in the interstellar medium and circum-

stellar envelopes continues to be an important and productive pursuit 

of astronomers. From an astrophysical viewpoint, the two main goals 

of these searches are to determine molecular abundances and to provide 

diagnostic tools for the determination of physical conditions within 

molecular clouds. 

In this review I shall first summarize developments in the search 

for new, larger molecules - i.e. those containing three or more heavy 

atoms. Then, in Section 3, some of the more recent astronomical 

observations are reviewed, and the importance of a number of these 

larger molecules as astrophysical probes is discussed. 

2. NEW LARGE MOLECULES 

2.1. Recent Discoveries 

Table 1 contains a list of molecules with three or more heavy atoms 

which have been detected recently. Of these new, heavy molecules, all 

are carbon-rich and have been detected in TMC-1, except for SiCC 

which, to my knowledge, has not yet been sought there. Thus, TMC-1 
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continues to demonstrate a uniquely rich carbon chemistry. Experience 

has shown that any spectral line which is enhanced in TMC-1, compared 

to other sources, arises from a carbon-rich molecule. 

TABLE 1. NEW LARGE MOLECULES RECENTLY DETECTED IN THE INTERSTELLAR 

MEDIUM 

Mole-
cule 

Where 

Observed 

Abundance 

Relative 

to H2 

Ground 

State con-

figuration 
Molecular 
Constants 

(MHz) 
Ref. 

H C n N TMC-1 
IRC10216 

CH3C3N TMC-1 

CH3Ci+H TMC-1 
TMC-1 

TMC-1 

C3O 

SiCC 

C3H 

C3H2 

TMC-1 

IRC10216 

TMC-1 
IRC10216 

TMC-1 
Sgr B2 
Orion KL 
IRC10216 

CH3C5N**TMC-1 

1.2x10-^°* 
7x10" 8 

4.5x10- 1 0* 

2x10-;;* 

1.7xl0~ 9* 

3.5xl0~ 9 

1.4x10 
-10 

1x10 
-10 

5x10 
1.9x10 

-10 
-11 

5x10 
9x10 

5.4x10 
4x10 

-9 
-11 
I 

-11 
-12 

Linear *Σ 

Symmetric 
Top 

Symmetric 
Top 

B 0=169.2757 
Do=3xlO- , y=5.0D 
B 0=2065.7387 
D =93.65x10- 6 

D T„=19.925x10"
3 

Α.8Ώ 
Βo=2035.746 
D ^ ô x l O - 5 

D T =19.8x10- 3 

y=f\2lD 
Linear ΑΣ 8 0=4810.889, 

Triangular 
Asymmetric 
Top 

Linear Π 

Ring 

Asymmetric 

Top 

Symmetric 
Top 

Dj=7.84x10"" 
P=2.39D 
A=52390 
B=13156.2 

C=10447.4, y =3.2D 
T]=-6.35, τ 2=-0.917 
Tcccc=-0.106 
A e f f = 4 3 1 0 9 3 
B=11186.323 
D=5.57xl0" 3 

Y e f f = 3 0 . 6 
P=7.51, q=16.48 
μ=3.ID 

A=35092.5964 

B=32212.9312 
C=16749.3147 
y=3.3D, T!=-0.6767 
i2=-0.1628 
Taaaa=-0.5901 
Tbbbb=-°-2982 
Tcccc=-°-0361 

Βo=778.040 

1,2,3 

2,4 

2,5, 

6,7 

8,9 

10 

11 

12,13 

14 

* Based on revised dipole moments from Snyder et al. 
**Tentative detection - not yet confirmed 

(1985). 

References: (1) Bell et al. (1982) (2) Snyder et al. (1985) 
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References - Cont'd: (3) Bell and Matthews (1985) (4) Broten et 

al. (1984) (5) Walmsley et al. (1984) (6) MacLeod et al. (1984) 

777 Loren et al. (1984) (8) Brown et al. (1985) (9) Matthews et al. 

(1984) (10) Thaddeus et al. (1984) Cïl) Thaddeus et al. (1985a) 

(12) Thaddeus et al. (1985b) (13) Matthews and Irvine (1985) (14) 

Snyder et al. (1984) 

As the list of carbon molecules found in TMC-1 grows, some patterns 
are emerging. Thaddeus et al. (1985a) have pointed out that 
acetylenic radicals, HC...C, with an even number of C atoms, tend to 
be significantly more abundant than those with an odd number. The 
reverse seems to be true for the cyanized carbon chains, HC nN. In 
spite of the abundance of HCN and H C 3 N , recent attempts to detect HC 2N 
have been unsuccessful (Feldman, 1985). 

The observed column densities of the methylated polyynes decrease 
in TMC-1 by a factor of about three with the addition of two C atoms -
N(CH3C2H)/N(CH3Ci+H) « 3 and N(CH3CN)/N(CH3C3N) « 3.5 (Askne et al. 
1984, Matthews and Sears, 1983, and Table 1 ) . This is similar to the 
abundance decrease shown by successively larger cyanopolyynes, and 
MacLeod et al. (1984) have argued that this similar behaviour manifes-
ted by chain molecules with different terminal groups reflects the 
relative abundance of pure carbon chains. They have also estimated 
the abundances of the important but unobservable (at radio wave-
lengths) molecules, H C 2 H and H C 4 H . If the ratio N(HC 3 N )/N(CH3C 3 N ) » 

65 is taken as representative of the abundance difference between 
molecules terminated by H and by C H 3 , this implies that N(HC2H) = 
65 £ ( C H 3 C 2 H ) = 5.2x10 cm and l^HCi+H^ = 65 N(CH3Ci+H) = 1.1x10 
cm" in TMC-1. For N(H 2) = 1x10 cm" in TMC-1, the abundances 
relative to H 2 are [HC 2H] = N(HC 2H)/N(H 2) = 5x10 and [ H C 4 H ] = 

1x10" . A somewhat higher estimate of [HCJ+H] is obtained by assuming 

vw/ 11/1 . « \ / »T / ^ TT \ m / t t / i . h \ / » τ / λ . μ \ 1 Π -r-i -»T / ^ TT \ ~ Λ f" 1 Λ» - — 

this gives [HCi+H] = 5x10" , which further implies [HC 2H] « 10" in 
TMC-1. (See references in MacLeod et al. 1984 for abundances). 

Recent observations (Matthews and Irvine, 1985) suggest that the 
most important of the new molecules in Table 1 is C 3 H 2 (cyclopropeny-
lidene). Its structure is not linear, but triangular, and its spec-
trum that of an asymmetric top with b-type transitions (Thaddeus et 
al. 1985b). Matthews and Irvine (1985) have detected the 101""! 10 line 
at 18343 MHz in most of the 25 varied objects where they looked for 
it. It is widespread throughout the Galaxy, and its large dipole 
moment makes it readily observable. These properties suggest that 
C 3 H 2 will be an important probe of physical conditions in molecular 
clouds and we return to this topic in Section 3. 

2.2. The Future 

A survey of the literature shows that the number of known astrophysi-
cal molecules has increased linearly at an average rate of three per 
year since 1971. There are now at least 68 different compounds known, 
exclusive of isotopic variations, and, if the trend of the last 15 
years continues, over 100 will be identified by the end of the 
century. 

« 2.5x10 

https://doi.org/10.1017/S0074180900154014 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900154014


190 L. W. AVERY 

Recently, spectral line 

surveys in Sgr B2 (Cummins et 

al. 1986), Orion and IRC10216 

(Johansson et al. 1984, Sutton 

et al. 1985) have been published 

which have implications for the 

future of line searches. A 

total of about 1200 lines were 

catalogued in these surveys, and 

all but 68 were identified and 

attributed to known species. 

The high percentage of identi-

fied lines casts a shadow on the 

earlier prediction of 100 known 

molecules before the end of the 

century. If a significant 

number of new molecules are to 

be found, the implications are 

that more sensitive surveys will 

be required. 

Fig. 1. The number of spectral lines, 

N, detected with antenna temperature 

in a range Τ±Δτ/2 for three surveys. 

Figure 1 illustrates how the number of observed lines increases with 

decreasing line strength in the three surveys. Ν is the number of 

lines observed with antenna temperature in an interval Δτ^ centred 

on T^. For the two lower frequency surveys ΔΤ^ = 0.05K; for the 

Sutton et al. (1985) survey, Δτ^ = 0.20K. The less sensitive 

spectra in the lower frequency surveys were not used in preparing 

Figure 1 in order to obtain reasonably uniform sensitivity. The line 

counts in the figure span total frequency ranges of 32 GHz (Sutton et 

al. 1985), 14.95 GHz (at frequencies < 101 GHz from Cummins et al. 

1986) and 18.6 GHz (Johansson et al. 1984, 1985). 

It is clear that the log N-log T^ relationship for all 3 

surveys is linear, which implies that Ν α Τ α , where α « -2. Speci-

fic values of α from least square fits to the discrete points are 

shown in Figure 1. 

From the power-law dependences of Figure 1 and the velocity line 

widths of Sgr B2 and Orion, a simple analysis reveals the sensitivity 

limits beyond which line overlap will become a serious problem. The 

results are shown in Table 2 where T^(lim) signifies the antenna 

temperatures (for the same survey telescopes) at which the spectral 

lines become so dense that the probability is i that a given line will 

overlap at least one other. The expected line densities shown in 

Table 2 indicate that 5 to 10 times more lines could, in principle, be 

detected in similar, more sensitive surveys before spectral over-

population becomes a serious problem. However, in view of the fact 

that many of the lines detected in the three surveys arise from a few, 

heavy molecules, an increase by a factor of five in the number of 

\jOHANSSONetol. 
(1984) α = -1.77 " 
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Frequency Actual Line Expected Line Density 
Interval T^(lim) Density in at Sensitivity T^dim) 

Source GHz Κ Survey (GHz ) (GHz ) 

Sgr B2 15 GHz 0.013 12.7 60 
between 
71.9-101 

Orion 18.6 GHz 0.004 11.2 130 
between 
72.5-91.1 

Orion 215-247 0.06 17.9 45 

In my opinion, many of the new detections of large molecules will 
come from sensitive searches in TMC-1 for which sensitive, comprehen-
sive surveys have not yet been published. In view of the small rota-
tional constants of these molecules and the low T e x which charac-
terizes dark clouds, the most productive frequencies for TMC-1 
searches are likely to be < 100 GHz. The frequency range from 25-50 
GHz has been relatively neglected until recently and promises to be 
especially useful in heavy molecule studies. Even at the much studied 
frequencies above 70 GHz, little systematic, highly sensitive work has 
been done in TMC-1. 

3. RECENT ASTRONOMICAL RESULTS 

3.1. Observations 

The last few years have seen an increase in the number of sources 
where larger molecules have been detected and studied. Benson and 
Myers (1983) have detected 10 new H C 5 N sources in a survey of about 
100 dark clouds with strong N H 3 (1,1) emission. Cernicharo et al. 
(1984) have discovered three condensations in Heiles1 Cloud 2, in 
addition to TMC-1, where carbon chains up to H C 7 N are detectable. 
These two studies bring the total number of known dark clouds with 
observed H C 5 N to at least 21, with 13 of these, including all of the 
strong sources, in the Taurus-Auriga complex. Outside of the Taurus 
region Benson and Myers (1983) found relative abundances of H C 5 N to be 
systematically lower by a factor of about 5. 

TMC-1 continues to be the premiere dark cloud for difficult 
carbon chain detections. Bell and Matthews (1985) have succeeded in 
detecting the J=41-40 line of HCnN at 13.9 GHz there, confirming the 
earlier observations in IRC10216 (Bell et al. 1982). 

With the apparent detection of two lines of H C 9 N in IRC10216 
(Bell and Matthews, 1985, Matthews et al., 1985), this circumstellar 
envelope joins TMC-1 as the only sources where all the known, linear 

lines detected does not imply a similar increase in the number of 
molecules. 

TABLE 2. LINE CROWDING IN SGR B2 AND ORION 

https://doi.org/10.1017/S0074180900154014 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900154014


192 L. W. AVERY 

carbon chains have been detected. Other circumstellar envelopes have 
been shown to contain large molecules. H C 3 N has been observed in 
three carbon star envelopes in addition to IRC10216, and H C 5 N may have 
been detected in IRC40540 (Jewell and Snyder 1982, 1984). The 
presence of H C 3 N in two bipolar nebulae (GL618 and GL2688) is now also 
established (Zuckerman et al. 1976, Jewell and Snyder, 1984), and 
there has been a possible detection in a comet (Hasegawa et al. 1984). 

Another interesting development is the detection of H C 7 N , H C 5 N , 

Ci+H and C 3 N absorption lines against the supernova remnant Cas A (Bell 
et al., 1983, 1986). The absorption appears at velocities correspond-
ing to the local arm of the Galaxy (0 to -1.5 km s" ) and to the 
Perseus arm (-35 to -60 km s" ) , A number of other, smaller molecules 
have been detected against Cas A including H 2 C O (Goss et al., 1984) 
and N H 3 (Batria et al., 1984). However, the carbon-chain absorption 
appears to extend to more negative velocities in the Perseus arm than 
the smaller compounds, which indicates that they might not be entirely 
cospatial. Bell et al. (1983) have suggested that the carbon chains 
could exist in a relatively diffuse component of the Perseus arm. 

3.2. The Larger Molecules as Diagnostic Probes 

A number of the relatively heavy molecules offer certain advantages as 
tools to investigate the physical conditions in molecular clouds. The 
symmetric tops, C H 3 C 2 H and C H 3 C N have energy levels structured so that 
multiple transitions corresponding to different K-ladders and excita-
tion energies can be observed at nearly the same frequency. This 
eliminates systematic errors of pointing, calibration and source 
coupling which arise when different frequencies (and sometimes dif-
ferent telescopes) must be used to sample population distributions 
over excitation energy. In addition, their lines are strong enough 
to be readily detectable in a number of sources but are still optical-
ly thin. A number of authors have used these molecules to deduce 
molecular cloud temperatures. Two approaches have been used. In the 
simpler case it is assumed that the population distribution within a 
K-ladder is described by a single excitation temperature, T r , which 
is the same for all ladders. Because radiative transitions between 
the K-ladders are forbidden, the total relative populations of 
different K-ladders are determined only by collisions and, hence, are 
functions only of kinetic temperature. Observations of two or more AJ 
transitions for K=0,l,2,... can be used to estimate T r and, hence, 
T k i n (e.g. Hollis et al. 1981, Kuiper et al. 1984). 

A second, more rigorous approach is to carry out statistical 
equilibrium calculations which yield the distribution of population as 
functions of n ( H 2 ) and Τ ^ η (e.g. Cummins et al., 1983, Askne et 
al. 1984, Andersson et al. 1984). These calculations show that the 
T r , T k i n two-temperature assumption can be significantly in error. 

The recent detections of the J=4-3 H C 5 N , and N-1-0 lines of C 3 N 

and C 4 H against Cas A (Bell et al. 1983, 1986) permit estimates of the 
densities where these molecules exist. Figure 2 shows calculated, 
line-centre brightness temperatures for the four carbon-chain transi-
tions near 10 GHz observed by Bell et al. (1986) against Cas A. I 
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have computed using statistical^ equilibrium calculations for 
Tkin = 20K, J ^ n e widths of 15 km s~ and a total molecular column 

density of 10 cm" . The background brightness temperature of Cas A 

was taken to be 73K at 10 GHz, the beam-aver aged value for the NRAO 

43-m telescope where the lines were observed. Because the same column 

densities were used, the curves of Figure 2 depict the relative, 

visibility, given equal abundances, of the four molecules. All of the 

transitions are optically thin against Cas A, so that Tfc is propor-

tional to column density. 

Figure 2 shows that 

each of the four lines could 

appear either in absorption or 

emission against Cas A, depend-

ing upon n ( H 2 ) . Emission occurs 

when T e x < 0, which happens 

over a range ^o| density that 

depends upon μ Β which is dif-

ferent for each molecule (Avery, 

1980). Of the four X-band 

transitions observed by Bell et 

al. (1983, 1986), HC 5N, Ci+H and 

C 3 N are in absorption, and the 

H C 3 N results are ambiguous and 

require further observation. 

The binary emission/absorp-

tion nature of spectral lines 

allows us to extract density 

information independent of rela-

tive line strengths, calibration 

errors, source coupling, 

atmospheric absorptions etc. 

From Figure 2 we note that the 

beam-averaged density, n(H 2) > 9 

2 x 1 ^ ein or n(H 2) £ 1x10 

cm" . For densities between 

these values, Ci+H or C 3 N would 
appear in emission. Unfortuna-

tely, this analysis, by itself, 

cannot confirm or rule out the 

exist in a low density component 

of the interstellar medium as suggested by Bell et al. (1983). 

Another potentially important molecule is the recently discovered 

ring, C 3 H 2 (Matthews and Irvine, 1985, Thaddeus et al., 1985b). To 

obtain a qualitative estimate of the potential of this molecule as a 

diagnostic tool and to tentatively identify key transitions, I have 

carried out statistical equilibrium calculations assuming optically 

thin lines for the ortho and para states. At present, collisional 

rate coefficients are unavailable, and I have used H 2 0 rates (Green 

1980) scaled by a factor of 10 to compensate for the greater size and 

dipole moment of C 3 H 2 . Both H 2 0 and C 3 H 2 have b-type transitions. 

n(H2) cm" 

Fig. 2. Relative visibility curves 

for the Aj=4-3 H C 5 N , ( M , AF)=(1,2)-

(1-1) H C 3 N , (ΔΝ, AJ, AF)=(1, 3/2, 

5/2)-(0,l/2,3/2) C 3N and (1,3/2,2)-

(0,1/2,1) Ci+H lines observed against 

Cas A. Solid curves indicate emis-

sion lines, dashed curves absorption 

lines. 

possibility that these carbon chains 
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Among the strongest and most interesting of the C3H2 lines is the 
1 10*" 101 ortho line at 18.343 GHz. It appears in many cold, dark 
clouds in emission and in rather exotic emission/absorption combina-
tions against continuum sources (Matthews and Irvine 1985). Figure 3 
shows calculated Tfc ratios, for Τ^£ η = 10K, of the 110-101 line at 
18.3 GHz to some of the stronger, higher frequency C3H2 lines. The 
line frequencies are given in Table 3. 

TABLE 3. FREQUENCIES OF C3H2 TRANSITIONS REFERRED TO IN FIGURES 3 AND 
4. 

Sym denotes whether the line belongs to the ortho (θ) or para (P) 
state. (Thaddeus et al. 1985b). 

Transition Sym Frequency 
(MHz) 

Transition Sym Frequency 
(MHz) 

110-101 
2 20-211 
321-3 12 
211-2 02 

0 

Ρ 

0 

Ρ 

18343.143 

21587.395 
44104.787 
46755.621 

2 0 2 - 1 11 
212-101 
3 12"221 

Ρ 

0 
Ο 

82093.559 
85338.905 
145089.635 

Figure 4 shows the results of similar calculations for ortho-para 
pairs of lines which are similar in frequency. The K-band pair, 
110-101 and 2 20-211, appear to be the most sensitive indicators of 
density, whereas the 2i2~l0l/202"l11 ratio appears unlikely to be a 
useful density discriminator. 

Because of uncertainties in the collision rates and the assump-
tion of optical thinness, Figures 3 and 4 should not be interpreted 
quantitatively, but the results do indicate the potential usefulness 
of C3H2 as a density discriminator. 

Fig. 3. Calculated ratio of line 
brightness temperatures for four 
pairs of C3H2 lines. 

Fig. 4. Same as Figure 3 for 
three ortho-para pairs at 
similar frequencies. 

https://doi.org/10.1017/S0074180900154014 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900154014


RADIO AND MILLIMETRE OBSERVATIONS OF LARGER MOLECULES 195 

REFERENCES 

Askne, J. , Hoglund, B., Hjalmarson, Â, and Irvine, W.M. 1984, Astron. 

and Astrophys., 130, 311. 

Andersson, M., Askne, J., and Hjalmarson, Ä, 1984, Astron. and 

Astrophys., 136, 243. 

Avery, L.W. 1980, in IAU Symposium 87, Interstellar Molecules, ed. 

Β.H. Andrew (Dordrecht: Reidei), p. 47. 

Batria, W. , Walmsley, C M . , and Wilson, T.L. 1984, Astron. and 

Astrophys., 136, 127. 

Bell, M.B., Feldman, P.A., Kwok, S., and Matthews, H.E. 1982, Nature, 

295, 389. 
Bell, M.B., Feldman, P.A. and Matthews, H.E. 1983, Ap.J. (Letters), 

273, L35. 
Bell, M.B. and Matthews, H.E. 1985, Ap.J., 291, L63. 

Bell, M.B., Avery, L.W., Matthews, H.E., Feldman, P.A., and Mitchell, 

G.F. 1986, (in preparation). 

Benson and Myers 1983, Ap.J., 270, 589. 

Broten, N.W., MacLeod, J.M., Avery, L.W., Irvine, W.H., Hoglund, B., 

Friberg, P. and Hjalmarson, Â. 1984, Ap.J. (Letters), 276, L25. 

Brown, R.D., Godfrey, P.D., Eimes, P.S., Rodler, M., and Tack, L.M. 

1985, J. Am. Chem. S o c , 107, 4112. 

Cernicharo, J., Guelin, Μ., and Askne, J. 1984, Astron. and 

Astrophys., 138, 371. 

Cummins, S.E., Green, S. Thaddeus, P., and Linke, R.A. 1983, Ap.J., 

266, 331. 
Cummins, S.E., Linke, R.A. and Thaddeus, P. 1986, Ap.J. Supp. (in 

press). 

Feldman, P.A. 1985, Private Communication. 

Goss, W.M., Kalberla, P.M.W. and Dickel, H.R. 1984, Astron. and 

Astrophys., 139, 317. 

Green, S. 1980, Ap. J. Supp. 42, 103. 

Hasegawa, T., Ohishi, Μ. , Morimoto, Μ., Suzuki, Η., and Kaifu, N. 

1984, Icarus, 60, 211. 

Hollis, J.M., Snyder, L.E., Blake, D.H., Lovas, F.J., Suenram, R.D., 

Ulich, B.L. 1981, Ap.J., 251, 541. 

Jewell, P.R. and Snyder, L.E. 1982, Ap.J. (Letters), 255, L69. 

Jewell, P.R. and Snyder, L.E. 1984, Ap ;J., 278, 176. 

Johansson, L.E.B., Andersson, C., Ellder, J., Friberg, P., Hjalmarson, 

Â., Hoglund, Β., Irvine, W.M., Olofsson, H., and Rydbeck, G. 

1985, Astron. and Astrophys. Suppl. (in press). 

Johansson, L.E.B., Andersson, C , Elldér, J., Friberg, P., Hjalmarson, 

Â., Hoglund, Β., Irvine, W.M., Olofsson, Η., and Rydbeck, G. 

1984, Astron. and Astrophys., 130, 227. 

Kuiper, T.B.H., Rodriguez-Kuiper, E.N., Dickinson, D.F., Turner, B.E, 

and Zuckerman, B. 1984, Ap.J., 276, 211. 

Loren, R.B., Wootten, A. and Mundy, L.G. 1984, Ap.J. (Letters), 286, 

L23. 

MacLeod, J.M., Avery, L.W. and Broten, N.W. 1984, Ap.J. (Letters), 

282, L89. 
Matthews, H.E. and Sears, T.J. 1983, Ap.J. (Letters), 267, L45. 

https://doi.org/10.1017/S0074180900154014 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900154014


196 L. W. AVERY 

Matthews, H.E., and Irvine, W.M., 1985, Ap.J. (Letters), 2 9 8 , L61. 
Matthews, H.E., Irvine, W.M., Friberg, P., Brown, R.D., Godfrey, P.D. 

1984, Nature, 310, 125. 

Matthews, H.E., Friberg, P. and Irvine, W.M. 1985, Ap.J., 2 9 0 , 609. 
Sutton, E.C., Blake, G.A., Masson, C.R., and Phillips, T.G. 1985, Ap. 

J. Suppl., 58, 341. 

Snyder, L.E., Wilson, T.L., Henkel, C , Jewel, P.R., and Walmsley, 

C M . 1984, B.A.A.S., 1 6 , 959. 
Snyder, L.E., Dykstra, C E . , and Bernholdt, D. 1985, Proc. Conference 

on 'Masers, Molecules and Mass Outflows in Star Forming Regions 1, 

Haystack Observatory, ed. A. Haschick, pub. by Lincoln Labora-

tories . 

Thaddeus, P., Cummins, S.E. and Linke, R.A. 1984, Ap.J. (Letters), 

2 8 3 , L49. 

Thaddeus, P., Gottlieb, C A . , Hjalmarson, Â., Johansson, L.E.B., 

Irvine, W.M., Friberg, P. and Linke, R.A. 1985a, Ap.J. (Letters), 

2 9 4 , L49. 

Thaddeus, P., Vrtilek, J.M., and Gottlieb, C A . 1985b, Ap.J.(Letters), 

2 9 9 , in press. 
Walmsley, C M . , Jewell, P.R., Snyder, L.E., and Winnewisser, G. 1984, 

Astron. and Astrophys., 1 3 4 , Lll. 
Zuckerman, B., Gilra, D.P., Turner, B.E., Morris, Μ., and Palmer, P. 

1976, Ap.J. (Letters), 2 0 5 , L15. 

DISCUSSION 

IRVINE: I will show later on some observational results that will 

confirm your predictions about the 18 and 21 GHz lines of C3H2 +. 

There is a density region where one appears in emission and the other 

in absorption in cold dark cloud. 

AVERY: I am very pleased to hear that. My results had worried me 

having not gone to that high densities. This implies that at middle 

densities one is in emission and the other in absorption. 

RAMADURAI: Has any line of CS or any other sulphide observed in 

Cas A or any other supernova remnant? 

AVERY: To my knowledge, CS line has not been observed in the direc-

tion of Cas A. 

PANDE: (1) If I correctly understood, you stated that molecules 

H C 3 N and H C 5 N have been identified in circumstellar envelopes. If 

so, which are these stars? What are their spectral and luminosity 

classes? Are they variable stars? I shall feel highly thankful if 

you can kindly provide the exact references. It may be a good idea 

to include such stars on regular spectrophotometric scanning (at our 

observatory) if possible. 

AVERY: These are cool, carbon rich stars which have evolved off the 
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main sequence and are undergoing mass loss. They have extensive dusty 

envelopes in which these large molecules are observed. The proto-

typical and best-known is IRC+10°216, which is a variable star. The 

designations of the others I do not remember off hand, but I'll be 

happy to give you the references. 

LEGER: Why carbon chains have been observed before carbon rings, if 

ever? Is it a matter of abundance or of ease of the detection? 

AVERY: The carbon chains which have been detected have dipole moments 

which are larger than many of the 5 or 6 carbon rings which are most 

likely to be detected. The line strengths vary as the square of the 

dipole moment, so this is an important difference. Also, given com-

parable excitation conditions, the linear chains have smaller parti-

tion functions than the asymmetric top rings of similar molecular 

mass. Consequently, the spectral lines of the chains are more intense, 

molecule for molecule, than those of the rings. Taken together, these 

factors mean that rings are considerably more difficult to detect. A 

number of people have sought rings with 5 or 6 carbon atoms without 

success. My recollection is that current upper limits for rings in 

dense clouds are comparable to, or not significantly below, the abun-

dances determined for chains of comparable mass. 

GUELIN: In the case of rings with five to six heavy atoms, the abun-

dance of rings is smaller than of chains. What one has to look for is 

a molecule with a high dipole moment like putting a nitrogen atom 

inside a ring, which is stable in the envelope. 

K.K. GHOSH: Many complex molecules are detected in interstellar medium 

on grain surfaces (i.e. in Solid State). Why is it not possible to 

detect complex ring molecules in interstellar medium in gas-phase? 

AVERY: Radio astronomy searches detect specific rotational lines of 

molecules which, as I understand it, are what has been attributed to 

grains. So searches for gas phase molecules can detect only one type 

of molecule at a time and generally require laboratory measurements of 

line frequencies, or else very precise structural information about 

the molecule. For many of the complex molecules suggested for grain 

surfaces, this information is unavailable. Also, the most stable 

complex molecules are apparently symmetric or nearly so, and have 

little or no dipole moment which makes them unobservable via the rota-

tional transitions which are excited in the gas phase. Finally, and 

perhaps most important, the partition functions of complex molecules 

are large; this renders the individual lines of those, which do have 

dipole moments, very weak. 
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