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Different Stages of Star Formation 
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“Bottom-to-up” Formation of Organic Species
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“Bottom-to-up” formation of organic species



Two Sources of Organic Carbon in the ISM

Tielens 2011



‘Up-to-bottom’ formation of COMs

Contreras & Salama, 2013



LDN 673 Experimental Astrophysics Laboratory (LASP) 

Can We Address Dark Cloud Chemistry in the Lab?

Strazzulla et al. 2001, Baratta et al. 2015

Addressing the extreme conditions of dark clouds:

Pressure: ⁓10-12 atmosphere; Temperature: as low as 15 K (-258⁰C)
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Utilized Analytical Techniques:
In-situ IR spectroscopy; Raman spectroscopy

Can We Address Dark Cloud Chemistry in the Lab?

Strazzulla et al. 2001, Baratta et al. 2015
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What is the simplest unit of life?

Cell - The smallest structural and functional unit of an 

organism, which is typically microscopic and consists of 

cytoplasm and a nucleus enclosed in a membrane.

Cell, in biology, the basic 

membrane-bound unit that contains 

the fundamental molecules of life 

and of which all living things are 

composed.
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What is the simplest unit of life?

Randy Moore, Dennis Clark, and Darell Vodopich, 

Botany Visual Resource Library (c) 1998 
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Why Glycolaldehyde and Ethylene Glycol?
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“Sweet Result from ALMA”

ALMA (ESO/NAOJ/NRAO)/L.Calçada (ESO) 

& NASA/JPL-Caltech/WISE Team

Jørgensen et al. 2012, 2016, Beltran et al. 2009, 

Taquet et al. 2015, 2017, Rivilla et al. 2016

- HC(O)CH2OH (Glycoladehyde)

- H2C(OH)CH2OH (Ethylene glycol)

- HC(O)OCH3 (Methyl formate)



Analysis and Method

Pressure: 

~ 10-10 mbar

Temperature: 

12-300 K

H (D) - fluxes: 

1012 – 1013 cm-2 s-1

Ioppolo et al. 2013, Fedoseev et al. 2016 Sackler Laboratory for Astrochemistry

RAIRSQMS
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Constructing the Full Reaction Network
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Analysis and Method

Pressure: 

~ 10-10 mbar

Temperature: 

12-300 K

H (D) - fluxes: 

1012 – 1013 cm-2 s-1

Ioppolo et al 2013, Fedoseev et al. 2016 Sackler Laboratory for Astrochemistry

RAIRSQMS
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Hydrogenation of CO with Glycolaldehyde (1:1)
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Сo-deposition of H-atoms with CO:GA (1:1) at 15 K

Fedoseev et al. 2017



Hydrogenation of CO with Glycolaldehyde (1:1)
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Chemistry on the Surface of Interstellar Grains

Fedoseev et al. 2017



Butlerov’s Synthesis in the

Interstellar Medium



What is the simplest unit of life?
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‘Up-to-bottom’ formation of COMs

Contreras & Salama, 2013



‘Up-to-bottom’ formation of COMs

Contreras & Salama, 2013

CH
3

CH
3

CH
3

CH

CH

C

CH

C C

CH

C

CH

CC C

CH

C

CH

CH

C

C

C

C

C

C

C

CH C

C

C

CH

C

C

C

CC

C

C



‘Up-to-bottom’ formation of COMs

Contreras & Salama, 2013
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Analysis and Method

Experimental Astrophysics Laboratory (LASP) Sackler Laboratory for Astrophysics (SLA)

HC≡CH:H2O ice + H+ (200 keV) HC≡CH:O2 ice + H (atoms)

Fedoseev at al. 2018 (in preparation), Chuang et al. 2018 (in preparation)



Analysis and Method

Experimental Astrophysics Laboratory (LASP) Sackler Laboratory for Astrophysics (SLA)

HC≡CH:H2O ice + H+ (200 keV) HC≡CH + O2 + H (atoms)
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Detections of various single oxygen bearing species: 

- CH3CH2OH (Alcohol), CH3CHO (Aldehyde), CH2=CHOH (Enol)

- Tentative detection of two oxygen-bearing CH3COOH (Carboxylic Acid) in hydrogenation 

experiments

Fedoseev at al. 2018 (in preparation), Chuang et al. 2018 (in preparation)



Linear carbon chain

observed in the ISM

Further hydrogenation to

yield various primary and 

secondary alcohols or

polyols

Hydroxylation

(Aim of this research)
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Overall suggested mechanism:
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Take to home message:

LDN 673

- Pioneering formation of prebiotics in Dark clouds

- A detailed laboratory based research

- Mimicking cosmic ray processing

- Up-to-bottom approach

- Utilizing interstellar carbon chains and
PAHs as the source of carbon

- Pioneering formation of membrane precursors

- Supporting the ‘Lipid World’ scenario


