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INTERSTELLAR MOLECULES B
 Dave Buhl , |
The first molecules in_the interstellardmedium were found duringfthef19B07s>
' starting with the diffuse bands discovered by'Merrill" These'rather broad.linesgs
BIn the optical spectrum have yet to be identified with a partlcular molecule,
although there are now about 25 dlffuse bands known At about the same tlme that
tMerrlll found these bands Adams and Dunham dlscovered lines of CH CH*, and CN
The 1dent1flcatlon of these lines took several years and in the case of CH Douglas‘::.

1and Herzberg undertook laboratory experlments to generate CHf and obtaxn 1ts optlcalvjf'
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spectrum o l-" ;f
Spectral llne observatlons 1n radlo astronomy began w1th the deteetlon of the
'21 cm hydrogen emission llne by Ewen and Purcell in 1951 The. recomblnatlon llnes
of 1on1zed hydrogen were observed both by Kardashev ~in Rus31a and by'Mezger around
. _1964. The radlcal OH was: found 1n 1963 by Weinreb, Barrett Meeks, and Henry in - .
absorptlon agalnst Cas A ThlS followed many years of searchlng for Oq and the
- detectlon was prlmarlly due to a new type of autocorrelatlon recelver developed by
Sandy Welnreb In 1965 the anomalous OH emission was dlscovered 31multaneously by _
e group at Berkeley (Weaver Dleter and Wllllams) and a group at Harvard (Gunderman
| andellley). .These'pecullar em1331on llnes were orlglnally called Umysterlum"w
becanse of theirgnarrow line widths, large'intensities,:and strange,line ratios,“flt_s
is now known that these lines are produced in interstellar masers but the éxacg_t‘
‘pumpxng mechanlsm.ls stlll hotly debated | | R
The current surge of new molecular llne d1scover1es began in 1968 when Lew :
Snyder and Dave Buhl became 1nterested in searchlng for 1nterstellar water vapor
. _At the same tlme Charles Townes and Jack Welch at. Berkeley began developlng a
dlrecelver for ammonla. The frequenc1es of the two molecular llnes are very close

and using the same recelver Townes and Welch detected NH3 in November 1968 and ‘
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,H20 in December, 1968 The ammonla 11ne exhlblted relatlvely normal emlsslon on f,
~at least 2 llnes w1th an excltatlon temperature of 23 K The_excltat;on,temper-‘ _
nature is deflned by the populatlon dlstrlbutlon among thervarious energy levels
- The water exhlblted very anomalous excltatlon 31m11ar to the maserlng OH llnes.
‘Antenna temperatures as hlgh as 4500 K have been measured on the 140-foot tele- v"
scope and the angular 31zes as'determlned from VLB experlments are less thanvO.Ql"'"
| The dlscovery of formaldehyde (HZCO) 1n.March 1969 by Snyder Buhl -
‘Zuckerman and Palmer started numerous searches for other complex molecules._ This }
molecule showed a normal absorptlon spectrum.everyWhere except in the dark clouds.‘o
In these dusty reglons an absorptlon line was seen w1thout a background source, - -
thus 1ndlcat1ng that the molecule was absorblng rad1at1on from the 3 K mlcrowawe
background. .Thls sltuatlon 1svthe reverse_of the_maser where the upper state of
| a molecule becomesonerapopulated;»rln.this case the.lower state is being10ver- s
populated, giving an.ercitation température'oflless-than l9 K. This can be accom-u
plished under rather speclal clrcumstances by colllslonal pumplng (Townes and Cheung).
In Aprll 1970 Pen21as Wllson, and Jefferts found CO and CN us1ng the 36 foot
teleSCOPe in Tucson The CO cloud in Orlon was partlcularly 1nterest1ng in that it
~was 30! of are in dlameter (approx1mately the same angular s1ze as the Moon) The
molecule has a small dlpole moment whlch means weak radlatlon 1nteractlon 'Thei
'antenna temperature of 40 K requlres that the excltatlon temperature of the mole- ‘
cule be greater than lOO K over a dlstance of 5 pc A s1m11ar»s1tuatlon occurs
“in the NH3 cloud in the galactlc center where an excltatlon temperature of 50 K is
vmalntalned in a cloud 30 pc in dlameter How these h1gh temperatures are produced
over such large dlstances 1is an 1nterest1ng astrophy31cal problem |
Subsequently hydrogen cyanlde (HCN) was detected 1n a number of galactlc sources
by Lew Snyder and Dave Buhl. Thls molecule 1s 1nterest1ng because 1t 1s 2 by-product

_of reactions which produce complex amino aclds out of H2O NH3, and CH4 ' Laboratory

experlments demonstratlng these reactlons were orlglnally done by Stanley'Mlller and
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| followed up by Cyrll Ponnamperuma at NASA Ames.>‘

Another Signlficant 1ntersuellar molecule was found by Barry Turner This molea j
>'cule, cyanoacetylene (HC N) is alsovlmportant ln‘organlc synthesls. :lhe‘
: .v Present 1131: now totals 22 1nterste11ar molecules detected Our present -
knowledge of the 1nterstellarvmed1um 1nd1cates that amino acids can'bevproduced
‘invinberstellar-clouds, andithatvcomplex'organiclchemistrybmay be an important |
partbof the evolution of clouds'into protostars andyplanets.

The pumplng mechanlsms for HZCO H20,>and’QH are not‘very mell‘understood
'desplte a large amount of theoretlcal work by Turner,ﬁlitvak Solomon, Thaddeus;
‘Townes Cheung, Hllls, and others Among the dozen molecules already dlscovered
,two are maserlng and one is ;efrlgeratlng These two.processes are not’ completely f
'h 1ndependent of each other, since energy dumped ‘into the molecule at one frequency
' must be radlated away at another frequency. The formaldehyde glves an example of
k how a molecule cloud 1s_try;ng, albelt unsuccessfully, to cool off the_Blg Bang
radiabion. | - o | . e |

The_refrigerabor works by.pumping a-molecule:by'collisions or radiation into
a‘higher state."The‘molecule willcspontaneously.decay preferentially into‘the lower‘
state of a trans1t10n | Absorntion.can’then‘occur whenever'the molecule encounters -

a photon or pa881ng hydrogen atom. Inuthe‘caSe'of the'hydrogen atom it is slowed

o down or cooled by the encounter.

Colllslonal pumping is another means of coollng the hydrogen by us1ng 1t dlrectlyu
- to pump the molecule. For example 1f the H20 molecule is pumped by colllslons, the
’klnetlc energy of the hydrogen atoms is absorbed and stored in the H2O molecules by 3
excltlng them 1nto the-upper state. ‘The maser;ng trans1t10n then radlates away the
bkinetic”energy mhich was provided by theahydrogenvatcms. o :
Such an 1nterstellar refrlgerator 1s very useful in coollng clouds of hydrogen

during the early stages of condensatlon 1nto a protostar It is 1nterest1ng that

. _the;ratevof energy released during the collapse of an average cloud is equal to the
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l power being radiated by some‘of ‘the strong H 0 masers; In addition, tnere are many
‘transitlons of these molecules in the 1nfrared region of the spectrum.whichjcan; :
._onlylce;observed from balloons, satellites or high flying‘aircraft‘ It is likely
that the formaldehyde molecule is radlatlng away in the 1nfrared the energy
'absorbed at the 6 cm tran31tion. Hence, 1nterstellar refrigeratorS'and masers mayii
e a'mery commonjfeature'of thevinfrared spectrum; | |
| .The number. iidensifies of thevmolecules whichihaveloeen found over the paspv
 three &ears‘are much largerAtnan‘anyone expectedf This has upset‘manyjestablisned"
.concepfs of the infersiellar medium, particularly the notion‘that nothing‘more
complicated-than‘diatomic‘molecules could exiSt because cosmic rays, sfellar:UV,
and high energykpartiCles wohld dissociafe them immediately. What is becoming
1ncreas1ngly apparent is that exactly the oppos1te occurs Rather than’being‘under-
abundant , the large heavy molecules are actually over-abundant compared with |
- expected abundances based on the 31mpler diatomics. Whether this is because they
exist in regions protecfed by dust.grains or just simply due to a high rate of
' formation is notvyet knownr; In some cases reasonaple molecules such as ketene
.(H2020).and NO and SO andeHm' have ‘been searched for without success. This eitherv'
means that these molecules don't ex1st or, more likely, that the molecules are there'
but the excﬁation conditions are such that the line doesn't appear 1n either
emission or absorption The presence or absence of certain tYPeS of molecules may
- be clues to the directlon in Whlch the chemical evolution is- g01ng This is very
;-1mportant in discerning the pattern Which nature chooses to form complex organic
'molecules Such patterns may eventually prov1de an understandlng of the origln of"

. 1ife on the Earth and poss1bly on - .other planets w1th1n the Galaxy.



Table II llstsrthe molecules found up till now, 1nc1uding some recent heavy
organics which have not. been published yet. The s1m11ar1ty to products obtained
.1n.organic synthesisvof amlno_acids and other»important prebiological moleculeS“i
",is quite strikiné) Ittsuggests that there is a fundamental directiontin these
>CHemica1.reactions which dominatesvthe chemistry‘evenlunderlthe‘severe conuitions,
of interstellar_space.’ Some of the’heaviest molecules are found only in. the
direction of the‘galactic-Center,lprOhahlyvarconseQuence of'thekhigher oensity
and longer path length in. thlS reglon. j. . ‘_ | ) f'“‘ | .[,l l : .

For most of these large molecules we are working at the 11m1t of sen31t1v1ty
for present'telescopes and receivers;' Improvements in radiometer sensitivity,
lparticularl& at anelengths less than lvcm will provide the best chance for
’detecting molecules such as amino ac1ds, long chain sugars, nltriles and other
" prebiotic molecules. - Short anelength radlopreceivers have a potential increase -
in sen31t1v1ty of between 10 and 100 ‘In.addition the millimeter'ane'transitions
.of large molecules w1th quantum numbers up to and probably beyond J lO'are much"b
vstronger than lower lylng centimeter wave trans1tions._ This is related to three
‘factors:. the increasing strength of the transitions‘with‘frequency, the hetter

‘ Spatlal resolutlon of mJllimeter telescopes, ‘and the peculiar excitation. conditions
2.of the 1nterstellar medium whlch appear to preferentially excite mllllmeter wave -
‘ 3 tran51tions. The next few years should see an enormous increase in the list of
interstellarlmolecules,_particularly the.millimeter‘wave lines. The.mostimportantv
problemlislto answer the.Very intriguing questions raised by these new molecular
‘line dlscoveries, namely._ What is thehdominant chemistry.and physics of.the :

'cool 1nterstellar clouds?. '
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MOLECULES FOUND IN THE INTERSTELLAR MEDIUM

_Moledﬁle],' Symbol

o . CH
Cyanogen = = CN.
- cut
Hydroxyl = OH

Ammonia © N

2°

Formaldehyde  H,CO =

Carbon Monoxide CO
Cyanogen' N
Hydrogen CH,

'_Hydrogen.Cyanide'HCN -

X-ogen 17
Cyano—acetylene HC3N .

Methyl Alcohol CH,OH.

3

Formic Acid CHOOH

‘Carbon Mono-  CS

Sulphide

Formamide =~ ~ NH,CHO -

silicon Oxide §i0

0ocs

: Acetonitrile  CH CN‘Y:V
h IstYanic Acid HNCQ'f 
" Hydrogen Iso-  HNC  ”‘

Cyanide

Methyl- ' ‘,CH3C2BA'

- ‘acetylene

Wavelength

i S 3
- Water ~ H,0

Telescope

4300 A Mt. Wilson 100 in
L ‘ Adumg ’
3745-4233 A Mt. Wilson 100 in

3875 & o Mt. Wilson 100 in

18, 6.3, 5.0, Lincoln Lab 84 ft
and 2.2 cm '

.~ L.3em . Hat Creek 20 ft
1.4 cm . Hat Creek 20 ft

6.2, 2.1, 1em NRAO 140 ft
2.1, 2, O mm ‘

. 2.6mm  NRAO 36 ft
2.6 mm  NRAO 36 ft
1100 & UV Rocket Camera

3.4nm - NRAO 36 ft

3.4 mm NRAO 36 ft
V'f;:3.3 em  NRAO 140 fr
36 em NRAO 140 ft
S 18 en | NRAO 140 fr

. 2.0mm NRAO 36 ft

6.5.cn . NRAO 140 ft

2.3 mm NRAO 36 ft

2.5mm  NRAO 36 ft

‘:';2.7vmm . NRAO 36 ft
3.4, L 4 cm NRAO 36 ft
©33mm . NRAO 36 £t

'f3,5.mm"’_i. NRAO 36 ftfi;i.v

- Reference

Dunham

Adans

_ Weinreb et al., 1963

<Cheung et al., 1968
- 7Cheung et al., 1969

Snyder et al,;-1969:

’ W1lson et al.,- 1970 . .
| Jefferts et al., 1970

'Carruthers, 1970 E
Snyder and .Buhl, 1971

Buhl and Snyder, 1970 '
"~ ~Turner,1970

‘Ball et al., 1970

"“} Zuckerman et al., 1971 ¥ 
. Bell Lab.

.U bf:Iliinois .
© Bell Lab ‘
“v‘Bell Lab

~Bell Lab -

U Va/NRAO
. U Va/NRAO -

U Va/NRAO .
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