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“Bottom-to-up” Formation of Organic Species




“Bottom-to-up” formation of organic species




Two Sources of Organic Carbon in the ISM
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big PAHSs, |

small carbon medium-sized diamond-like structures,  grains,
molecules small PAHs PAHSs fullerenes, nanotubes amorphous carbon
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Can We Address Dark Cloud Chemistry in the Lab?
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Addressing the extreme conditions of dark clouds:
| Pressure: ~10*2atmosphere; Temperature: as low as 15 K (-258°C)

Utilized Analytical Techniques:
. y{ v In-situ IR spectroscopy; Raman spectroscopy
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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.




What is the simplest unit of life?
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What is the simplest unit of life?

Phosphate

} Glycerol

Hydrophobic C
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[ Why Glycolaldehyde and Ethylene Glycol? ]

SUGAR ALCOHOLS: CHOH  CH,OH | CH,OH

CHOH CH ,OH
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“Sweet Result from ALMA”

T T T T T T T T T T T

- HC(O)CH,OH (Glycoladehyde)
- H,C(OH)CH,OH (Ethylene glycol)
- HC(O)OCHj; (Methyl formate)
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Analysis and Method
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Analysis and Method
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3 Hydrogenation of CO with Glycolaldehyde (1:1)

1.d8

Co-deposition of H-atoms with CO:GA (1:1) at 15 K
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9 Hydrogenation of CO with Glycolaldehyde (1:1) ’
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Chemistry on the Surface of Interstellar Grains
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Aanmelden Astronieuwsbrief

Dutch astronomers discover recipe to make cosmic
glycerol

A team of laboratory astrophysicists from Leiden University (the Netherlands) managed to
make glycerol under conditions comparable to those in dark interstellar clouds. They
allowed carbon monoxide ice to react with hydrogen atoms at minus 250 degrees Celsius.
The researchers publish their findings in the Astrophysical Journal.

In recent years more and more complex molecules have been identified in space. Their
formation schemes are still under debate. Gleb Fedoseev, now a postdoc at the Osservatorio
Astrofisico di Catania in Italy and the first author of the article: "The density of particles in space
is extremely low and carbon monoxide is highly volatile. However, it freezes out on small dust
particles at temperatures below minus 250 degrees Celsius where it acts as the seed for larger
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big PAHS,
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Analysis and Method

Experimental Astrophysics Laboratory (LASP) Sackler Laboratory for Astrophysics (SLA)
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Fedoseev at al. 2018 (in preparation), Chuang et al. 2018 (in preparation)




Analysis and Method
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Detections of various single oxygen bearing species:

- CH;CH,0OH (Alcohol), CH;CHO (Aldehyde), CH,=CHOH (Enol)

- Tentative detection of two oxygen-bearing CH;COOH (Carboxylic Acid) in hydrogenation
experiments

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




Overall suggested mechanism:.
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