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Astronomical
setting

ÖÖbergberg et al., A&A 462 (2007) 1187-1198 et al., A&A 462 (2007) 1187-1198
BisschopBisschop et al., A&A 470 (2007) 749-759 et al., A&A 470 (2007) 749-759

BouwmanBouwman et al., A&A 476 (2007) 995-1003 et al., A&A 476 (2007) 995-1003



Relevant processes

Si / C

Hard UV (100-200
nm) irradiation

Atomic / e
bombardment

Thermal processing

~ 0.1 – 1 µmN

H
O

C
D

T-dependence

Ice composition

Ice morphology

Layer thickness

Flux dependence



C4H-C-SiCC-SiC33N2H+NaClNaCl

CHCH33NN22OOOHOH

H2COH+NH3MgNCNS

C8H-SiH4H3O+MgCNNO
CH3CONH2H2CCNHHNC3H2CSHNONH

C8HC-H2C3OH2NCNH2CNHNCO2KCl
HC11NHC7Nl-HC4NH2C2OH2COH2SSiHHCl

CH3CH2OHC5NH2CHNHOCO+H2OFeOSiC
(C6H6)CH3OCH3NH2CHOHCOOHHNCSAlNCHOC+CF+CP

(CH3OC2H5)CH3CH2CNC6H-HC2CHOHC2NCHNCOSiNCHCS+SHCO+

CH3CH4CH2CHOHHC3NH+HC3NHCNH+SiCNHCO+HFCO
CH3C6Hc-C2H4OCH3SHCH4HCCNH3

+HCOCSCN
HC9NCH2OHCHONH2CH3CH3OHCH2CNC2H2NH2HCNSiSCH+

H2C6HCOCH3CH3NCc-C3H2C3SCO2CH2SiOCH
CH3CH2CHOC7HHC5NCH3CNl-C3H2C3Oc-SiC2C2SSiNC2

(CH2OH)2CH3COOHCH3C2HC2H4C4SiC3NSO2C2OSO+AlCl
(CH3)2COHCOOCH3CH2CHCNl-H2C4C4Hl-C3HNaCNC2HSOAlF
CH3C5NCH3C3NC6HC5HC5c-C3HOCSC3PNH2

10-1310-138-98-9776655443322

Molecules discovered in space – d.d. januari 2008



Relevant matter

pure, mixed and layered - amorphous vs. crystalline



FTIR transmission spectroscopy of
interstellar ices

► Example of H2O:CO2 ice► Clear different dependence of fundamental 
integrated absorption strength on mixing ratio
► (%,T) correlation diagram 3:6 µm band intensity ratio



Desorption
Processes

-Thermally induced
-Photon induced

Fuchs et al., Far. Disc. 133 (2006) 331Fuchs et al., Far. Disc. 133 (2006) 331
AcharyyaAcharyya  et al., A&A 466 (2007) 1005-1012et al., A&A 466 (2007) 1005-1012

ÖÖbergberg et al.,  et al., ApJApJ 662 (2007) L23-26 662 (2007) L23-26



CO in gas phase at 10 K
 non-thermal desorption
mechanism

Photo-desorption: 10-5-10-8

CO-molecules / UV photon
 generally neglected in
astrochemical models

Submm spectrum CO

Optical picture

10K



Au sample
10 K

Main chamber
5.10-11 mbar

UHV setup - CRYOPAD
He-cryostat

MCTdetector

QMS

FTIR -
RAIRS

TPD

CO O2

Pure CO Pure O2 CO:O2 mix 

O2/CO layers CO/O2 layers 



Heating rate 0.1 K/min

Thermal desorption of ice



Simulate inter/circumstellar
radiation field using a MW H2
discharge lamp (7 - 10.5 eV &
6.1013 photons s-1 cm-2).

 

RAIRS

H2 VUV lamp
QMS



Simulate inter/circumstellar
radiation field using a MW H2
discharge lamp (7 - 10.5 eV &
6.1013 photons s-1 cm-2).

 

Time

RAIR Spectra

RAIRS

H2 VUV lamp
QMS



CO photodesorption rate
scales with the flux of the
MW H2 discharge lamp, i.e.
no local heating.

 

Time

RAIR Spectra

CO ice UV photo-
desorption rate

~ 3x10-3 molecules
/ UV photon

RAIRS

H2 VUV lamp
QMS



The final value for the photo
desorption rate is not
sensitive to layer thickness,
i.e. not substrate mediated.

 

Rate ~ 3x10-3

molecules /
VUV photon

Time

Öberg et al. ApJL 2007

RAIR Spectra

RAIRS

H2 VUV lamp
QMS

UV PD Rate

~ 3x10-3 mole-
cules / UV
photon



► Not a thermal effect
Immediate onset TPD signal upon irradiation.

► No photo-processing
After 8 hrs of irradiation < 0.2 % CO2

► Not a substrate effect

Bilayered experiments (C18O/C16O) with several
 top layer thicknesses show that process is
 restricted to top layers.

Independent of ice thickness until
sub monolayer situation.

CO photodesorps, N2 does not (< 2.10-4).

Experimental checks !



Gas chromatogram ‘Yellow stuff’, Nature 416 (2002) 403



Likely photodesorption mechanism



Consequences for the models
► Photodesorption rate orders of magnitudes

higher than assumed so far in astrochemical
models  explains gas phase CO at
temperatures below accretion temperature.

► With this excitation
mechanism other
ice species should
photodesorb as well.

► And in addition
CO co-photodesorp-
tion may become
possible.

CO2



! 

RE"UV "PD = IISRF"VUVe
"#AVYPD $ 3%10

5
e
"#AV

RCR"UV "PD = ICR"VUVYPD $ 30

RCR"spot"heating & ICR"VUV $ 70

Dark cloud

Comparison
photodesorption
and spot heating
for small and
larger grains

molecules cm-2 s-1



Chemical reactions
In interstellar ices

Fuchs Fuchs et al., A&A (2007) et al., A&A (2007) submittedsubmitted
BisschopBisschop et al., A&A 470 (2007) 749-759 et al., A&A 470 (2007) 749-759

BouwmanBouwman et al., A&A 476 (2007) 995-1003 et al., A&A 476 (2007) 995-1003



UHV setup - SURFRESIDE

1.4.1012 < H-flux < 5.1014 cm-2 s-1

Tschernich (thermal
cracker) source
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► Independent experiments performed for 12-20 K, 5.5-70
ML, H-flux between 1012 - 1014  H-atoms cm-2 s-1.

▶ Optimum reaction rates between T = 13 – 15 K.
▶ Results put an end to Watanabe-Hiraoke discussion
► For ices thicker than 10 ML no relevant thickness 
dependence is observed.

► But how about the numbers …

Qualitative conclusions





CO ice 5 ML, 15 K, 
~ 8.1013 H-atoms cm-2 s-1

RAIRS data converted in
time dependent column 
densities

Two time domains: 40 min
and 180 min.

Short time domain:
β0=0.1min-1  β2=0.02 min-1



► How about the surface: exact layer thickness / density 
and layer homogeneity ?
▶ Transforming RAIRS spectra into surface parameters

is not that trivial.
► How well specified is the H-atom flux ? How about

H-atom recombination and hydrogen poisoning ?
►    How layer specific are reactions ?
► How about the temperature of the H-atom beam ?

Is this relevant below 300 K ?
► Are laboratory data in this useful for astronomical
      conditions ? Saturation, multi-atom processes, heating?
► Very accurate controls necessary as well as simulations.

Problems to take into account
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MATRI2CES

R + H3O
+   RH+  + H2O
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