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Molecular clouds
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From the ISM to the Origin of Life

Complex Organics 

(COMs)

How complex can organic chemistry become in the ISM?

Pre-biotic species!!
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Complex Organic Molecules (COMs)
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COMs detected in the ISM

 Galactic Center GMCs (Hollis+2000;Martin-Pintado+2001;Requena-Torres+2006,2008)

Other species:

Formic Acid (HCOOH)

Methyl Formate (HCOOCH3)

Acetic Acid (CH3COOH)

Di-methyl ether (CH3OCH3)

Requena-Torres+2006
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COMs detected in the ISM

 Galactic Center GMCs (Hollis+2000;Martin-Pintado+2001;Requena-Torres+2006,2008)

 Star forming regions: Hot Cores and Hot Corinos

(Beltran+2009; Belloche+2008,2013; Jorgensen+2012)

Complex Organic Molecules (COMs)

Glycolaldehyde

(CH2OHCHO)

ESO in the 2020s  - 19 Jan 2015
Beltran+2009
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Complex Organic Molecules (COMs)
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Belloche+2013

Challenges:
Rest Frequency (MHz)

SgrB2(N) & SgrB2(M)

• High spectral line densities  Line blending and confusion!

• Broad linewidths  Line identification problematic
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COMs detected in the ISM

 Galactic Center GMCs (Hollis+2000;Martin-Pintado+2001;Requena-Torres+2006,2008)

 Star forming regions: Hot Cores and Hot Corinos

(Beltran+2009; Belloche+2008,2013; Jorgensen+2012)



Jorgensen+2012

detection of simplest sugar: Glycolaldehyde
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High-angular resolution key for COM detection
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detection of simplest sugar: Glycolaldehyde
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ALMA SV

High-angular resolution key for COM detection



Simplest Amino Acid:

Glycine (H2NCH2COOH)

• Key molecule to understand the formation processes of pre-biotic 

molecules in the ISM

• Firm detection in meteorites (Ehrenfreund+2001) and possibly in 

comets (Elsila+2009)
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Amino acids and their precursors

Glycolaldehyde

(CH2OHCHO)

Amino Acetonitrile

(H2NCH2CN)

• Possible precursors detected in 

hot cores and hot corinos

(Belloche+2008; Jorgensen+2012)

• First detection of a branched COM (Belloche et al. 2014)
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Searches toward massive hot cores (e.g. SgrB2; Kuan+2003) have not 

yielded any firm detections (Snyder+2005; Cunningham+2007; Jones+2007)

Search of Glycine in the ISM
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Snyder+2005

Putative glycine lines due to other molecular 

carriers (e.g. ethyl cyanide with v≥1). 



Glycine in Solar-system Precursors            

(Pre-stellar Cores)

Advantages:

• Tgas<10 K  lower level of line confusion!

• Linewidths <0.5 kms-1  little line 

blending, easier line identification.

• Complex organic molecules detected in 

dark cloud cores and pre-stellar cores 

(Marcelino+2007; Bacmann+2012; Cernicharo+2013; Vastel+2014).

• High-sensitivity searches now possible 

Atacama Large Millimeter Array (ALMA)

L1544
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A New Approach
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Glycine transitions with Eu< 30 K

Glycine 

Conf. I

CDMS

Müller+2005
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Glycine transitions with Eu< 30 K

Glycine 

Conf. I

CDMS

Müller+2005
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Aul > 10-6 s-1  60 GHz << 90 GHz



Caselli+2002
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Simple and quiescent object (v<0.5 kms-1)

Caselli+2012
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The L1544 Pre-stellar Core
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Gas-phase water in the central 5000 AU



UV photo-desorption of ices
Caselli+2002
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• Gas-phase water produced by cosmic ray 

induced UV photons (Caselli+2012)

• COMs released together with water

• Lines expected to be very narrow  high-spectral resolution needed!

Caselli+2012
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Cold Glycine in Pre-stellar Cores: L1544

• Gas-phase H2O found 

within r<5000 AU 

(Caselli+2012).

• Physical structure from 

Keto & Caselli (2010).

• Glycine abundance in ices 

~0.01% wrt H2O  

(Munoz-Caro+2002; 

Bernstein+2002).

• Glycine is photo-desorbed 

together with water.
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Jimenez-Serra et al. 2014
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Simulations of Glycine Lines in L1544 
Tmb(K)

L1544 (T=10K)

Jimenez-Serra et al. 2014
Intensities > 10 mK!!!
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Simulations of Glycine Lines in L1544 
Tmb(K)

L1544 (T=10K)

Jimenez-Serra et al. 2014
Intensities > 10 mK!!!
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• Brightest lines between     

67 GHz and 85 GHz.

• Excellent target for 

ALMA Band 2!!!! 
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Simulations of Glycine for ALMA Band 1
Tmb(K)
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ALMA Band 1

Frequency (MHz)

ALMA Band 2

L1544 (T=10K)
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COM distribution in L1544 
Bizzocchi et al. (2014) 
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 Extended nature of the COM 

emission.

 Matches FOV and beam for 

Bands 1/2 in Compact 

(FOV~70”-200”)     

(beam~4.5”-13”)

 ACA+TP needed to recover 

large-scale structure.

 Only sensitivity matters 

ACA+TP could be used as 

stand-alone instrument.
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COMs in Extragalactic Sources

 COMs (e.g. CH3OH, CH3CHO, H2CCO) detected at z~0.89

 Water in starburst galaxies at z~5.7 (Vieira et al. 2013)

 Grain chemistry becomes active early on in the Universe  

Muller et al. (2011) 

ATCA survey 30-50 GHz 

PKS 1830-211 
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Conclusions

 High-angular resolution key for COM detection

 Broad bandwidth observations with high spectral resolution

 currently limited by ALMA data rates

 increase of simultaneous bandwidth desirable

 Detection of amino acids in cold sources

 Development of low-frequency receivers

 ALMA Bands 1 and 2 essential

 High-sensitivity needed but not limited by spatial resolution

 ACA+TP could be used as stand-alone facility

 Increase of ALMA sensitivity for extragalactic studies

 Detection of COMs at high-redshifts
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