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The history of spectral line observations/molecular spectroscopy 
in Green Bank is long and storied with a wide range of successes –
Can’t possibly cover everything!

WARNING – this is going to be a very biased presentation – lot of 
mention of new molecule detections and line surveys.  
The GBT does SO MUCH MORE than that to advance molecular 
spectroscopy!

Molecule hunting returns to centimeter 
wavelengths with the Green Bank Telescope

You can make the argument that 
modern radio astrochemistry started 
with the 140ft in Green Bank.
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Interstellar Formaldehyde – Where it all began…

A detection in 1969 forever changed the way that 
astronomers and chemists viewed the universe
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Interstellar Formaldehyde – Where it all began… 

This line was detected in absorption against numerous continuum sources and eventually 
the H13CO line was detected.

There was a rush to detect new, especially large organic molecules and it seemed that cm 
wave observations was NOT the place to be.

Formaldehyde absorption taken towards SgrB2(N-
LMH) with the GBT as part of the GBT PRIMOS Large 
molecule survey.  Velocities are relative to the 64 km/s 
systemic source velocity.
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Interstellar Glycine Searches…
• Very early searches for 

interstellar glycine started in 
the late 70s in the cm – no 
lines were detected.

• As the search intensifies into 
the late 80s and 90s, the 
spectroscopy gets better and 
better in the lab and 
searches are conducted on 
the NRAO 12-m and IRAM 
30-m telescopes…



6 2014 ANASAC MeetingASACThe GBT @ 20!

Interstellar Glycine Searches…
• Results are always the 

same… lot of blank spectra 
or worse yet, lots of blended 
lines…

• This lead to a paper in 1997 
on using mm-arrays to 
search for large molecules..
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Interstellar Glycine Searches…
• It was believed that the 

reason we were not 
detecting glycine (or other 
amino acids) was that their 
emission was being beam 
diluted.

• If we were able to use 
higher resolution and look 
into the hot cores, these 
lines would start to come 
out from the weeds…

• And if it wasn’t ugly before, 
it got ugly soon after…
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ALMA was born!  And this is what we got…

Orion Band 6 (214 – 246 
GHz) – Publically available 
off www.almascience.org

There is signal in nearly 
every channel and it is 
very hard to find “clean” 
transitions of well known 
molecules.
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• ALMA did not give the watershed of new molecule detections 
that were anticipated.

• This is/was largely due to the tremendous amount of line 
confusion and the fact that the rotational energy of large 
molecules was spread over a wide range of frequencies.

• Very wisely, looking at the proposal for the Green Bank 
Telescope…

Molecule Discoveries Stall using ALMA
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Green Bank Telescope Observations of New 
Interstellar Aldehydes: Prepenal and Propanal

(Hollis et al. 2004, ApJ, 610, L21)

The Green Bank Telescope provides the sensitivity and resolution 
needed to continue the search for molecule material in the ISM.

Detections came fast and furious starting around 2004…
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Methyltriacetylene (CH3C6H)  toward TMC-1: The 
Largest Detected Symmetric Top

(Remijan et al. 2006, ApJ, 643, L37)

In this work, we identified interstellar methyltriacetylene (CH3C6H) using the 
GBT toward the dark Taurus Molecular Cloud (TMC-1).  

Strong correlations are found
among the values of the three
different carbon-chain slopes when
total column densities of sequence
members are plotted against the
number of carbon atoms in the
carbon chain. This result suggests
that the formation chemistry for all
these carbon-chain sequences is
common.
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PRebiotic Interstellar MOlecular Survey

• One of the earliest “Large” programs on the GBT 
• Target: Sgr B2(N-LMH) 
• Coverage: 40.4 GHz of Bandwidth from 300 MHz - 50 GHz
• Noise level of ~2 mK
• Publicly available with no proprietary period
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(Some) New Molecule Detections

ethanimine

methylisocyanatecarbodiimide

acetamide

cyclopropenone

methyltriacetylene

propenal

cyanoformaldehyde ketenimine

propanal
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• Precursor to prebiotic
oligomers of HCN

• Formation of adenine using 
only addition of HCN

• Adenine is a 
nucleobase with a 
variety of roles in 
organic chemistry 
including cellular 
respiration.

• energy-rich adenosine 
triphosphate (ATP) 

• Protein synthesis, as a 
chemical component of 
DNA and RNA

E-Cyanomethanimine
Zaleski et al. 2013 ApJ, 765, L9
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GBT Observations reveal the first signal from a 
chiral molecule

deuterated ethanol

propylene oxide

glyceraldehyde

Joint GBT/Parkes 
Detection
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GBT Observations reveal the first signal from a 
chiral molecule

Green Bank Telescope

Parkes Telescope

NT ~ 1 x 1013 cm-2

Tr ~ 5 K
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One of the most surprising and unanticipated 
discoveries was the first detection of interstellar 

anions toward the dark cloud TMC-1

Laboratory and Astronomical 
Identification of the Negative Molecular 

Ion C6H-

2006ApJ...652L.141

Surprising because it was believed that the 
smaller anions (e.g. C2H-) would be 
detected before the larger anions.

Turns out the larger molecules had a 
larger electron affinity which would 
preferentially favor larger molecules 
forming anions.
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Soon after the discovery of 
C6H-…

Detection of the Carbon Chain 
Negative Ion C8H- in TMC-1 

2007ApJ...664L..43B

Detection of C8H- and Comparison 
with C8H toward IRC +10 216 

2007ApJ...664L..47R

For the better part of 4 years, 
the search for anions with the 
GBT continued at a furious 
pace and expanded to more 
anions and more sources
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Where we are today?
New molecule detections and a better understanding of 
the molecular makeup of the Galaxy continues to grow 

because of GBT Observations.  

• The shift has moved to 
an old (but new again) 
source, TMC-1, with the 
detection of the first 
true aromatic species 
in the ISM.

• The detection of 
benzonitrile in 2018 
started the first of 
many new aromatic 
species detected 
towards TMC-1
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And the GBT Large Program…

GBT Observations of TMC-1: Hunting Aromatic Molecules 
(GOTHAM) collaboration has used the tried and true technique 
of averaging and matched filtering to detect even more complex 
species, such as 1 and 2-cyanonaphthalene
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If you believe that “imitation is the sincerest form of flattery”…
• The Yebes telescope in Spain is now equipped with Q-band receivers and 

is detecting new, large molecules towards TMC-1… clearly showing the 
ingenuity of the designers for the GBT that the largest molecules were 
going to be detected at centimeter wavelengths.

And, there is no doubt that the GBT will continue to detect 
more complex molecules in astronomical environments.  

Haven’t even mentioned the GBT’s role in understanding star 
formation and molecular cloud evolution with observations of NH3, 
and HCN with the new cameras…

And megamasers…
The list goes on!

Finally, one of the best stories of a molecule detection was for 
HC11N…
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There was the first claimed detection of this 
molecule in 1997 using the 140-ft telescope…
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However, subsequent observations on the GBT 20 years 
later could not confirm the detection… 

Our Precious was LOST!
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Only to be found and confirmed in 2020 using the 
novel techniques from the GOTHAM consortium!
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www.nrao.edu
science.nrao.edu

The National Radio Astronomy Observatory is a facility of the National Science Foundation
operated under cooperative agreement by Associated Universities, Inc.

The GBT @ 20!
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