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Introduction
Interstellar chemistry Interstellar clouds: the birth places of stars Infrared observation: icy dust grains

The formation of planetary systems (Solar system)
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Extremely low-temperature and low-pressure environments.
Nevertheless, interstellar clouds are “chemically rich™.

Around 200 molecules have been discovered.
H,, CO, O,, H,0, NH;, H,CO, CH;0OH, HCOOH, and fullerene (Cy,), etc...

Silicate dust covered with H,0O ice (T,=140 K)
Similar chemical constituents to comets
Icy grains are the precursors of planetary material

Gas-phase chemistry cannot explain

How are molecules formed in interstellar clouds? the observational results
Dust surface chemistry is key

Laboratory study for interstellar dust surface chemistry
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Experimental Results
Cold H atom addition reactions to CO at 15 K Large H/D kinetic isotope effect — Quantum tunneling!
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Long-time adsorption of H atoms is critical for tunneling

Tunneling reactions are efficient at low temp.
(1) Ais larger than the typical barrier width (~0.1 nm) of reaction.

H atoms can barrierlessly adsorb on the dust surface

CO hydrogenation is inefficient at 20 K through van der Waals forces (physisorption)
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