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Reduce, Reuse, Recycle 



Ñ What molecules to look for? 

Ñ Theoretical & Laboratory Studies 

Ñ Molecular Spectroscopy of òprebioticó species. 

Ñ Spectral coverage, gas-phase, radicals/ions, $$$ 

Ñ What constitutes a detection? 

Ñ Full Spectrum 

Ñ Temperature 

Ñ Isotopologues 

Ñ Line Confusion.  

Ñ Interferometry  
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>15 ions 
6 rings 
>100 Carbon Molecules 
11 Silicon Species 
9 Metal Containing Molecules  
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http://www.astro.uni -koeln.de/cdms/molecules  

Most molecules comprised 
of H, C, N, O, S 



Ñ Detection of many 
biologically relevant 
species in carbonaceous 
chondrites. 

Ñ Origin and Formation?  

Ñ in situ measurements are 
impossible for most 
astronomical objects. 
Ñ STARDUST 

Ñ Remote sensing. 

Ñ Connecting the simple 
chemistry of the ISM to 
the complex chemistry 
found in Meteorites, 
IDPs, and Comets. Pizzarello, S. (2004) OLEB, 34, 25 
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Ñ Start with simple chemistry  

Ñ Water was heated to induce 
evaporation 

Ñ Sparks were fired to simulate 
lightning  

Ñ At the end of one week they 
observed that as much as 10ð
15% was now in the form of 
organic compounds.  
Ñ Two percent formed amino acids  

Ñ Sugars, lipids, and some of the 
building blocks for nucleic acids 
were also formed. 

www.nai.arc.nasa.gov 

Methane, Ammonia, 
Water, and Hydrogen  

Reaction 
Chamber 



Ñ Predictions of 
precursor species 
and/or new 
molecules based on 
òknownó 
Interstellar 
composition and 
proposed reaction 
mechanisms. 

Ñ Gas-phase 
Ñ Dominated by ion -

neutral rx. 

Ñ Grain-surface 
Ñ E.g. H-atom addition 

(blue detected in SF). 
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Herbst and van Dishoeck 2009, adapted from Charnley (2001; 1997) 





Species RAFGL 

7009Sa 

NGC 7538 

IRS9b 

W33Ac Elias 16c Cometsc 

H2O 100 100 100 100 100 

CO 15 12 8 25 5ï30 

CO2 21 15 13 18 3ï20 

CH3OH 30 4ï12 18 <3 0.3ï5 

CH4 3.6 2 0.4 ï 1 

NH3 ï 13d 15 ¢9 0.1ï1.8 

OCN- 3.7 2 3.5 <0.5 ï 

(a) dôHendecourt et al. 1996        (c) Gibb et al. 2000 

(b) Whittet et al. 1996        (d) Lacy et al. 1998 



Bernstein, Sandford, Allamandola , Sci. Am. 7,1999, p26  



Photochemistry  

Ñ 2342 cm-1 ­ CO2 

Ñ 2252 cm-1 ­ -CN 

Ñ 2167 cm-1 ­ OCN - 

Ñ 2138 cm-1 ­ CO 

Ñ 2090 cm-1 ­ -NC 

 
 

Other bands such as aromatic ketone groups 
(~1685 cm-1) are blended with water 
features. 

Pyrimidine:H2O ~ 1:20 (Nuevo et al. 2009) 

Before 

188 min UV exposure 

Wavelength (cm-1) 



Ñ Multiple Groups working on 

simulating interstellar ice 

(photo)chemistry.  

Ñ Able to produce òcomplexó 

organics of astrophysical interest ð 

e.g. ethylene glycol (Hudson et al. 

2005). 

Ñ Amino Acids and lipid -like species 

synthesized in ices (Dworkin  et al. 

2001, Bernstein et al. 2002, Munoz 

Caro et al. 2002). 

Ñ Nucleobases? Other prebiotic 

species?  



V 

V 



(Milam, Nuevo, et al., in preparation) 

Uracil also confirmed in Pyrimidine and H 2O ices (Nuevo et al. 2009). 



Mixture 
sUV 

(cm2 mol-1) 

Half-livesa 

Laboratory 
(min) 

DISM 
(yr) 

DC (Myr) 
Solar 

System (hr) 

Pyrimidine:NH3 (1:25) 1.2 ³ 10-20 509 19,400 1,940 566 

Pyrimidine:H2O (1:20)b 1.5 ³ 10-19 38 1,430 143 42 

Pyrimidine:NH3:H2O 
(1:2:20) 

2.1 ³ 10-20 271 10,300 1,030 301 

Pyrimidine:Ar (1:750)c 2.7 ³ 10-17 0.93 8.1 0.81 0.23 
a Estimated according to the UV photon fluxes for Laboratory: 2x10 15 photons cm-2 s-1 (Elsila 
et al. 2007); DISM: 8x107 photons cm-2 s-1 (Mathis et al. 1983); DC: 1x103 photons cm-2 s-1 
(Prasad & Tarafdar 1983); and Solar System: 3x1013 photons cm-2 s-1 (Peeters et al. 2005).    
b Data from Nuevo et al. (2009). 
c Data from Peeters et al. (2005). 
 

Milam et al., in preparation  

Glycine: Solar System ~ 0.5 hr (Peeters et al. 2003) 


