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Cumulative Number of Detected Molecules
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Gas-grain models: Hasegawa et al. (1992), Garrod & Herbst (2006)
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https://ui.adsabs.harvard.edu/abs/1992ApJS...82..167H/abstract
https://ui.adsabs.harvard.edu/abs/2006A&A...457..927G/abstract
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https://www.stsci.edu/jwst/
https://ngvla.nrao.edu
https://almascience.nao.ac.jp
https://www.stsci.edu/jwst/
http://www.skao.int/en/science-users
https://tmt.nao.ac.jp
https://tmt.nao.ac.jp

Yamamoto et al. (2017
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Evolution with star formation
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C - CO Conversion CO Depletion Mantle Evaporation
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Deuterated Spe
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Complex Organic Molecules

A

*Complex organic
molecules
(COMs): Carbon-
containing
molecules with 6
or more atoms
(Herbst & van
Dishoeck 2009)

CH3OCHs3


https://ui.adsabs.harvard.edu/abs/2017iace.book.....Y/abstract
https://ui.adsabs.harvard.edu/abs/2009ARA&A..47..427H/abstract
https://ui.adsabs.harvard.edu/abs/2009ARA&A..47..427H/abstract
https://ui.adsabs.harvard.edu/abs/2009ARA&A..47..427H/abstract
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https://ui.adsabs.harvard.edu/abs/2019A&A...624A.105F/abstract
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Extensive surveys of a dense cloud TMC-1
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(Cernicharo et al. 2021, 2022, etc).,

GBT GOTHAM survey
(McGuire et al. 2020)

o INEWHFHSHERK ? (bottom up)
e KEWHFZ—RICER? (top

down)

e HNAEENH. (AGBstar) 72 &



https://ui.adsabs.harvard.edu/abs/2021A&A...652L...9C/abstract
https://ui.adsabs.harvard.edu/abs/2022A&A...663L...9C/abstract
https://ui.adsabs.harvard.edu/abs/2020ApJ...900L..10M/abstract
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https://ui.adsabs.harvard.edu/abs/2019A&A...629A..15R/abstract
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https://ui.adsabs.harvard.edu/abs/2023NatAs...7..431M/abstract
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https://ui.adsabs.harvard.edu/abs/2006A&A...457..927G/abstract

See also PILS survey (Jgrgensen et al.)
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Yang et al. (2021)

A slide in part courtesy of Yao-lun Yang


https://ui.adsabs.harvard.edu/abs/2021ApJ...910...20Y/abstract
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IRAS 2A, ice
(JWST, Rocha+2024)

Bl-c, ice
(JWST, this work)

67P/C-G, ice
(ROSINA, Rubin+2019)
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Molecules on planets - inheritance or in-situ?

Gas disk Pebble disk HyO snowline  CO snow line Gas disk
temperature a Bare o—— -~ AU e ~)( AU density
Cooler Hotter o With H20 ice More Less

dense dense

©— WithH04 (0 ice

How are dust and chemical
sub-structures linked?

sr"'ﬁb 7
ﬁ Cosmic rays Nascent Stellar radiation Turbulence-

Interstellar radiation planet UV and X-ray driven diffusion
What are the organic reservoirs, C/N/0/S and Where do molecules
D/H ratios in the planet-forming disk regions? reside vertically?

How can we probe ionization and
dynamical disk processes?

Oberg et al. (2021)


https://ui.adsabs.harvard.edu/abs/2021ApJS..257....1O/abstract

E&ﬁ %E%\Hﬁ ALMA observations Zhang et al. (2021)
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https://ui.adsabs.harvard.edu/abs/2021ApJS..257....5Z/abstract
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o Optically thick CO2 ice (from 13CO2)
e CO ice even higher up in the disk

e Large amounts of ice could explain the gas-phase depletion of CO

I

i ' JWST observations

T T T T T T

Sturm et al. (2023)
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https://scixplorer.org/abs/2023A&A...679A.138S/abstract
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Astrochemistry
ALMA large program ALCHEMI shows rich chemistry |

Optical (ESO)
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ALCHEMI Finds a “Shocking” Carbon Footprint in the Starburst Galaxy NGC 253
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Buiten et al. (2025)
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e Some ULIRGs (Lir>1012Le) are too embedded to reveal their energy sources
 JWST observations of hot gas and ice

e HCN & C2H2 column densities updated to be 1 dex higher than previous studies



Pereira-Santaella et al. (2024)
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https://scixplorer.org/abs/2024A&A...689L..12P/abstract
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Point source, line spectroscopy
Diffraction limited observation
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Point source, line spectroscopy
°  Diffraction limited observation
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