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•  The dawn of astrobiology 
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The dawn of astrobiology 

•  In 1972, ~30 different interstellar 
molecules were known. 

•  These included  methanol, formamide, 
cyanoacetylenes. 

•  Amino acids had been discovered in 
meteorites. 

•  Could amino acids and other groovy 
things also exist in space? 

•  After, they’d been found in meteorites… 



Molecular rotational 
spectroscopy in 
30 seconds… 

•  The moment of inertia, IB, can be estimated using classical 
mechanics.  This gives the rotational constant B. 

•  Quantisation yields the rotational energy levels EJ = B.J.(J+1), 
allowing the transition frequencies to be calculated. 

•  The line intensities are proportional to the square of the dipole 
moment, µ. 

•  Laboratory measurement of the transition frequencies enables 
interstellar searches to take place.  (These measurements also 
yield an improved estimate of B and hence of the molecular 
structure.) 

•  However, these measurements can only be done in the gas 
phase. 



…well OK, 60 seconds 

•  The moments of inertia about the 
three principal axes can be 
calculated using classical 
mechanics: IA, IB, IC.  This gives the 
rotational constants A, B, C. 

•  Given A, B and C, quantisation 
yields the rotational energy levels 
and allows the transition frequencies 
to be calculated. 

•  The line intensities are proportional 
to the square of the relevant dipole 
moment components µA, µB, µC. 



Urea CO(NH2)2 
•  1773: discovered by Hilaire Rouelle who 

evaporated dog urine. 
•  1828: synthesised from inorganic 

materials by Wö hler, demolishing the 
“Vitalist theory”. 

•  Current uses: 
– Plastics 
– Fertiliser 
– Flavour enhancer for cigarettes 
–  Improvised explosive devices. 

•  Melting point: 134ºC  



The heated waveguide cell, 1976 



Urea vapour! 



So, let’s search for it! 



Brian Robinson, Parkes, 1974 

Baseline ripples 
Quadrupole hyperfine 
splitting 



Peter Godfrey at the control desk, 1974 



The 64-channel filter bank, 1974 



Peter Godfrey at the PDP9, 1974 



Brian Robinson, 
Peter Godfrey 
extinguish the 

PDP9 fire, 1974 

No lives were lost. 

No interstellar urea 
was detected, 

either. 





Urea search, Kitt Peak, 1976 



Control room, Kitt Peak 36 foot, 1976 



Kitt Peak results 

Zilch. 



HN13C, a consolation prize 

This confirmed the identity of 
U90665 as HNC. 



A Search For 
Interstellar Urea 

With CARMA 
Hsin-Lun Kuo, Lewis Snyder, Douglas 

Friedel, Leslie Looney, Benjamin McCall 
(UIUC), 

Anthony Remijan (NRAO), Frank Lovas 
(NIST), Jan Hollis (NASA) !

Detection at last? (2010) 



Aminoacetonitrile NH2CH2CN 

•  Glycine precursor? 



Parkes search, 1974 



Aminoacetonitrile NH2CH2CN 

•  Glycine precursor? 

NH2CH2CN was eventually detected in 2008 
by Belloche et al. using the IRAM 30 m, IRAM 

interferometer, and the ATCA. 



Glycine NH2CH2COOH 

•  Discovered in 1820 by 
Henri Braconnot 

•  Simplest amino acid 
•  Non-chiral 
•  First synthesised in 

1858 
•  Melting point 233°C 

(decomposes)…oops. 



A new approach 



Marie-Paule Bassez adjusts the vacuum pump 



This experiment was a long shot… 



…but it worked. 

The first spectral lines of glycine 
seen in the laboratory. 



But which is the 
right structure? 



…and thus began the conformer wars. 



The first glycine 
search 

Kitt Peak 36 foot, 
1978 



Peter tweaks the Schottky back-short… 



… but to no avail. 

Note: “search for”, as 
opposed to “discovery of”... 



Life wasn’t meant to be easy1 

1George Bernard Shaw.  Famously quoted by 
Malcolm Fraser, Australian PM. 

The full quote is: “Life is not meant to be easy, my 
child, but take courage: it can be delightful!” 



Some quotes from Brown et al (1979): 

…making Parkes the second largest mm-wave telescope 
in the world at that time? 

…as one might expect. 



Glycine searches 

•  1978 Brown et al 
•  1978 Lovas et al 
•  1979 - present 
•  2003 Kuan et al: We found it! 
•  2005 Snyder et at: Huh? 
•  2007 Cunningham et al: No you didn’t 
•  2011 Lattelais et al: You’re all dreaming 





In 2009, glycine was discovered by 
Elsila et al in samples returned from 

Comet Wild 2. 

Artist’s rendering of the Stardust spacecraft as it approached the Wild 2 comet, NASA/JPL. 



What next? 

•  Partition function woes 
•  Urea 

–  It can’t be that hard… 
•  RNA bases 

– Uracil etc 
•  Fourier transform spectroscopy (laboratory) 
•  Confusion limited? 

– Spectral and spatial 
•  ASKAP/SKA/ALMA? 


