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The first molecules in the interstellar medium were found during the 1930's

starting with the diffuse bands discovered by Merrill. These rather broad lines

in the optical spectrum have yet to be identified with a particular molecule,

although there are now about 25 diffuse bands known. At about the same time that

Merrill found these bands., Adams and Dunham discovered lines of CH, CHe, and CN.

The identification of these lines took several years and in the case of CH , Douglas

and Herzberg undertook laboratory experiments to generate CHI' and obtain its optical

spectrum.

Spectral line observations in radio astronomy began with the detection of the

21 cm hydrogen emission line by Ewen and Purcell in 1951. The recombination lines

of i-onized hyrgen were observed both by Kardashev in Russia and by Mezger around

1964 The radical OH was found in 1963 by Weinreb, Barrett, Meeks, and Henry in

absorption against Cas A. This followed many years of searching for OH and the

detection was primarily due to a new type of autocorrelation receiver developed by

Sandy Weinreb. In 1965 the anomalous OH emission was discovered simultaneously by

a group at Berkeley (Weaver, Dieter, and Williams) and a group at Harvard (Gunderman

and Lilley). These peculiar emission lines were originally called "mysterium"

because of their narrow line widths, large intensities, and strange line ratios. It

is now known that these lines are produced in interstellar masers but the exact

pumping mechanism is still hotly debated.

The current surge of new molecular line discoveries began in 1968, when Lew

Snyder and Dave Buhl became interested in searching for interstellar water vapor.

At the same time Charles Townes and Jack Welch at Berkeley began developing a

eceiver for ammonia. The frequencies of the two molecular lines are very close

and using the same receiver Townes and Welch detected NH in November, 1968 and
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H20 in December, 196$. The ammonia line exhibited relatively normal emission on

at least 2 lines with an ,excitation temperature of 23 ° K The excitation temper-

ature is. defined by the population distribution among the various energy levels.

The water exhibited very anomalous excitation similar to the masering OH lines.

Antenna temperatures as high as 45000 K have been measured on the 140-foot tele-

scope and the angular sizes as determined from VLB experiments are less than 0.01"

The discovery of formaldehyde (H200) in March, 1969 by Snyder, Buhl,

Zuckerman and Palmer started numerous searches for other complex molecules. This

molecule showed a. normal absorption spectrum everywhere except in the dark clouds.

In these dusty regions an absorption line. was seen without a background source,

thus indicating that the molecule was absorbing radiation from the 30 K microwave

background. This situation is the reverse of the maser where the upper state of

a molecule becomes over-populated. In this case the lower state is being over-

populated, giving an excitation temperature of less than 10 K. This can be accom-

plished under rather special circumstances by collisional pumping (Townes and Cheung).

In April, 1970 Penzias, Wilson, and Jefferts found CO and CN using the 36-foot

telescope in Tucson. The CO cloud in Orion was particularly interesting in that it

was 30' of are in diameter (approximately the same angular size as the Moon). The

molecule has a small dipole moment which means weak radiation interaction. The

antenna temperature of 40 K requires that the excitation temperature of the mole-

cule be greater than 1000 K over a distance of 5 pc. A similar situation occurs

in the NH3 cloud in the galactic center where an excitation temperature of 500 K is

maintained in a cloud 30 pc in diameter. How these high temperatures are produced

over such large distances is an interesting astrophysical problem.

Recently hydrogen cyanide (HCN) was detected in a number of galactic sources

by Lew Snyder and Dave Buhl. This molecule is interesting because it is a by-product

of reactions which produce complex amino acids out of H20, NH3 , and CH ... Laboratory

experiments demonstrating these reactions were originally done by Stanley Miller and
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followed up by Cyril Ponnampetma at NASA Ames.

The most recent interstellar molecule was- found by Barry Turner. This mole-

cunle (HC3N) opens up a new stage of complexity in interstellar molecules. Other

complex organic molecules can.be found if their spectra are known... Our present

knowledge of the interstellar medium indicates .that amino acids can be produced

in interstellar clouds, and that complex organic chemistry may be an important

part of the evolution of clouds into protostars and planets.

The pumping mechanisms for H2C0, H2 0, and OH are not very well understood

despite a large amount of .theoretical work by Turner, Litvak, Solomon, Thaddeus,

Townes, Cheung, Hills, and others. Among the dozen molecules already discovered,

two are masering and one is refrigerating. These two processes are not completely

independent of each other, since energy dumped into the molecule at one frequency

must be radiated away at .another frequency. The formaldehyde gives an example of

how a molecule cloud is trying, albeit unsuccessfully, to cool off the Big Bang

radiation.

The refrigerator works by pumping a molecule by collisions or radiatIn into

a higher state. The molecule will spontaneously decay preferentially into the lower

state of a transition. Absorption can then occur whenever the molecule encounters

a photon or passing hydrogen atom. In the case of the hydrogen atom it is slowed

down or cooled by the encounter.

Collisional pumping is another means of cooling the hydrogen by using it directly

to pump the molecule. For example, if the H20 molecule is pumped by collisions, the

kinetic energy of the hydrogen atoms is absorbed and stored in the H20 molecules by

exciting them into the upper state. The masering transition then radiates away the

Skinetic energy which was provided by the hydrogen atoms.

Such an interstellar refrigerator is very useful in cooling clouds of hydrogen

during the early stages of condensation into a protostar. It is interesting that

therate of energy released during the collapse of an average cloud is equal to the
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power being radiated by some of the strong H20 masers. In addition, there are many

transitions of these molecules in the infrared region of the spectrum which can

only be observed from balloons, satellites, or high flying aircraft. It is likely

.that the formaldehyde molecule is radiating away in the infrared the: energy

absorbed at the 6 cm transition. Hence, interstellar refrigerators and masers may

be a very common feature of the infrared spectrum.

The number densities of the molecules which have been found over the past

three years are much larger than anyone expected. This has upset many established

concepts of the interstellar medium, particularly the notion that nothing more

complicated than diatomic molecules could exist because cosmic rays, stellar UV,

and high energy particles would dissociate them immediately. What is becoming

increasingly apparent is that exactly the opposite occurs. Rather than being under-

abundant, the large heavy molecules are actually over-abundant compared with

expected abundances based on the simpler diatomics. Whether this is because they

exist in regions protected by dust grains or just simply due to a high rate of

formation is not yet known. In some cases reasonable molecules such as ketene

(H2C20) and formic acid (HCOOH) have been searched for without success. This either

means that these molecules don't exist or, more likely, that the molecules are there

but the ex Cation conditions are such that the line doesn't appear in either

emission or absorption. The presence or absence of certain types of molecules may

be clues to the direction in which the chemical evolution is going. This is very

important in discerning the pattern which nature chooses to form complex organic

molecules. Such patterns may eventually provide anunderstanding of the origin of

life on the Earth andpossibly on other planets within the Galaxy.



IWLECULE SYMBOL STRUCTURE

CH

CN

oH+

OH

C-H

CEN

C-H+

0-H

YEAR

1937

1940

1941

1963

1968

1968

.1969

1970

1970

1970

1970.

:1970

1970,

WAVELENGTH

4300A

3875A

3745-4233A

18 cm

18 ca.

18 cm
6.3 cp
5.0 cm

2.2 cm

1.3 cm

cyanogen

hydroxyl

amonia

water

formaldehyde.

carbon
monoxide

cyanogen

hydrogen

hydrogen'
cyanide

.X-ogen

Scy ano-

acetylene

CM

H2

HCN

NC3N

C=N

H-H

H-CN

H-CEC-CEN

CH30H H-C-0-HH .

CROO H-C-0-H
0

2.6 am

3.4 mm

3.4 m

3.3 cm

36 cm

18 cm

TYPE OF SIGNAL

Optical Absorption

Optical Absorption

Optical Absorption

Normal Absorption

Maser Emission

Normal Emission

Normal Emission

Maser Emission

Normal Absorption

Refrigerator Absorption
Normal Absorption
Normal Absorption

Normal Emission

Normal Emission

Ultraviolet Absorption

Normal Emission

Normal Emission

Normal Emission

Normal Emission

Normal Emission

TELESCOPE

Mt. Wilson 100-in.

Mt. Wilson 100-in.

Mt. Wilson 100-in.

Lincoln Labs 84-ft.{Hat Creek 85-ft.
Agassiz 60-ft.
Hat Creek 85-ft.
NRAO 140-ft.
Algonquin 150-ft.

NRAO 140-ft.

Hat Creek 20-ft.

Hat Creek 20-ft.

NRAO 140-ft.

NRAO 140-f t.
NRL 85-ft.
Hat Creek 20-ft.

NRAO 36-ft.

NRAO 36-ft.

Rocket Camera

NRAO 36-ft.

NRAO 36-ft.

NRAO 140-ft.

NRAO 140-ft.

NRAO 140-ft.

GROUP

Dunham/Swings and Rosenfeld

Adams/McKellar

Adams/Douglas and Herzberg

MIT: Weinreb, Barrett, Meeks, and Henry

Berkeley: Weaver, Dieter and Williams
Harvard: Gunderman, Goldstein and Lilley
Berkeley: Heiles
Harvard: Zuckerman, Palmer, Penfield & Lilley
Toronto/Harvard: Yen, Zuckerman, Palmer

& Penfield
NRAO/UCh/UMd: 'Turner, Palmer & Zuckerman

Berkeley: Cheung, Rank, Townes, Thornton &
.Welch

Berkeley: Cheung, Rank, Townes, Thornton &
Welch

NRAO/UMd/UCh: Snyder, Buhl, Zuckerman &
Palmer

NRAO/UMd/UCh: Snyder, Buhl, Zuckerman & Palmer
Berkeley/NRL: Evans, Cheung & Sloanaker
Berkeley: Welch

Bell Labs: Wilson, Jefferts & Penzias

Bell Labs: Wilson, Jefferts & Penzias

NRL: Carruthers

UVa/NRAO: Snyder and Buhl

NRAO/UVa: Buhl and Snyder

NRAO: Turner

Harvard: Ball, Gottlieb, Lilley & Radford

UMd/Harvard: Zuckerman, Ball, Gottlieb &

Radford

H
NH H-N\

H
U.

H20 nOn . 1.3 cm

H-
H2CO O-0 6.2 cm

H
6.2 cm
2.1 cm
1.0 cm

CO C=O 2.6 ma

methyl
alcohol

formic
acid

19,70

1970



Molecular Abundances

Observed

1000

1-

1

1/10

1/30

Expected

1/3,000

11

1/10

1/30,000

1/3,000

1/30,000

Cosmic Atomic Abundances

0/H 7 x 10-4

-5
N/H 9 x 10

C/H 3 x 10- 4

Molecule

CO

OH

2 CO
2.CN

HCN


