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Chemistry on the Surface of Interstellar Grains




“Sweet Result from ALMA”
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| - HC(O)CH,OH (Glycoladehyde)
- H,C(OH)CH,OH (Ethylene glycol)
- HC(O)OCH; (Methyl formate)
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Jagrgensen et al. 2012, 2016, Beltran et al. 2009 ALMA (ESO/NAOJ/NRAO)/L.Calgcada (ESO)
Coutens et al. 2015, Taguet et al. 2015, 2017, Rivilla et al. 2016 & NASA/JPL-Caltech/WISE Team




[ Why Glycolaldehyde and Ethylene Glycol? ]

SUGARS
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Why Glycolaldehyde and Ethylene Glycol?

SUGARS
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Chemistry on the Surface of Interstellar Grains

H,O

[cdlco,
|[ CH;0H,|NH,, CH,,

" XCN
CO->HCO->H,CO—CH;0->CH;0H

Hiraoka et al. 1994, Zhitnikov et al. 2002,
Watanabe et al 2002, Fuchs et al 2009




Chemistry on the Surface of Interstellar Grains

llco co
!MNH3, CH,,

XCN
CO->HCO->H,CO—CH,0->CH,OH

Hiraoka et al. 1994, Zhitnikov et al. 2002,
Watanabe et al 2002, Fuchs et al 2009

HCO HCO H CH ,OH H CH ,OH

- |
HCO HCO HCO HOCH2

Garrod et al. 2008, Woods et al. 2013



Can We Address These Questions to the Lab?
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Analysis and Method

S

loppolo et al. 2013, Fedoseev et al. 2016 3 Sackler Laboratory for Astrochemistry



Analysis and Method

Pressure:
~ 1019 mbar
Temperature:

10-450 K

N

Sackler Laboratory for Astrochemistry




[ Analysis and Method ]

Pressure:
~ 1019 mbar
Temperature:

10-450 K

I H (D) fluxes
(4 1012-108 cm=2st
O - fluxes:
1011 - 102 cm—2 st
N - flux:
1011 cm—2st

H (D) - fluxes: H
1012 - 1083 cm=2s! &

~ N
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loppolo et al. 2013 Fedoseev et al. 2016 ~ Sackler Laboratory for Astrochemistry




Analysis and Method

Y Wavelength, pm
e Pressure: 4 T
= ] ~ 1019 mbar ' )
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loppolo et al. 2013, Fedoseev et al. 2016 Sackler Laboratory for Astrochemistry




H atom addition to CO molecules. Example.




H atom addition to CO molecules. Example. ’
Co- deposmon of H:CO = 5 lat13K \/
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H-atomtotal fluence: 1.8E+17 atoms cm™
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Can we form three-carbon bearing analogues? ]
SUGARS
HCO HCO HCO HCO HCO H,CO
CHOH CHOH CHOH CHOH CH _LOH
! ! : Glycolaldehyde
CHOH CHOH CHOH CH OH =Y y
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Glycerldes comprlse ~98% of oI|ve 0|I e.g., Glyceryl trioleate (~ 50 %)
: ' : : - T TERT : : p Gunstone 2011



Hydrogenatlon of CO with Glycolaldehyde (1:1)

= =

Co- deposmon of H-atoms W|th CO:GA (1:1) at 15K
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Chemistry on the Surface

:- Simple Sugar
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H,O

CH3OH
HCOOCH,
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Why is It Interesting for Us?
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H,O in L1544:

5x10%7 kg

l| CH;OH in L1544
4x10°° kg

Glycerol in L1544
4x10°2% kg

Caselli et al. 2012
Boogert et al. 2015
Evans Il et al. 2001
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Oceans on the Earth:

1.4x10%! kg

All oceanic life forms

3.2x10% kg

i Glycerol in this life
8 forms ~1x1010 kg

Vernadsky 2001,
Basilevich et al. 1971
Alberts et al. 2002




Outlooks. AstroFIt2.
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Comparison between various chemical triggers

B Glycolaldehyde +Hand +UV

I Ethylene Glycol | QMS current

B Methyl Formate | | . integration:
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[ Conclusions ]

- The formation of Complex Organic Molecules (COMS)
In the solid state proceeds already in dark molecular
clouds before the formation of a protostar

- Various COMs are formed in interstellar ices through
accretion of simplest species

- Among these species are prebiotic compounds,
Glycerol and the simplest representatives of sugar row
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