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e Vary one parameter at the time

e Switch off certain processes

e Large range of timescales and fluxes
e Complementary to experiments




Sequence of processes Is chosen using random
numbers according to transition probabilities

Free parameters

e temperature

o flux

e surface

e energy barriers

= Grain

Hydrogen

. Oxygen

Top view of the surface
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+ Surface structure can be included
+ Individual atoms can be followed
+ Laboratory and interstellar fluxes can be used
+ All energy barriers have to be provided
- High demand of cpu
- No dynamical and structural information




Uncertainties in model parameters using two
examples

¢ |ce formation for different extinctions
e Molecular hydrogen formation on graphite

Langmuir—Hinshel wood

Carbonaceous or
silicate grain

> physisorption

‘ chemisorption

Eley—Rideal
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Ices in a Pratoplanetary Disc Spitzer Space Telescope * IRS
ESO + VLT-ISAAC
NASA / JPLCaltech / K. Pontoppidan [Leiden Observatary] ssc2004-20c

Whittet, ApJ (2001) 547, 872
Threshold value of Ay, = 3




e Oxygen and hydrogen deposition

e 10 surface reactions

e / dissociation reactions (UV photons,
CR-Induced photons)

e Different extinctions

e 3 different temperatures, 2 densities per
extinction




e Desorption

*x Mixtures (mostly for pure species)
*x Structure (porosity/co-desorption)
* Radicals (hardly any information)
e Diffusion
* Similar for all species?
* Structure
e Reactions
* Energy barrier
* Temperature dependence
* EXcess energy (desorption/re-structuring/grain

heating)

Very little known and often in wrong format
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Exact desorption energy only important for
species with desorption temperature around
simulated temperature. For ice formation only H

and H,.

Structure and porosity much more important.
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Diffusion makes more compact ice. Formation
Increases for slow diffusion.




Reaction
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+H202%H20 + OH 14003
~4,+OH —H,O +H 2600*
O +O9 HOR O

1 Melius & Blint (1979) 2 Klemm et al. (1975) 3 Lee et al. (1978) * Schiff (1973)




Different physical conditions

999 0.0 0.1 996 0.0 . 5. . 99.5 0.0 0.5
995 0.0 0.5 983 0.0 1. . 3.6 985 0.1 1.4
‘ = 1 - r i I3 . 1 ¢ 3
95.4 0.5 1.1 97.1 0.8 . . 59 959 1.3 2.9 translucent
976 14 1.0 934 14 5.2 1.6 9 932 09 59

diffuse

14.3 21.0 64.7 11.6 19.3 69.1 3. 9.7 18.3 72.0
10.1 187 71.2 6.5 16.7 76.8 2 6.7 16.2 77.1

Note. — From left to right: H + OH — Hs0O, H + HoO9 — H2O + OH,

and Ho + OH — H2O + H.

Cuppen & Herbst, ApJ, 668 (2007) 294




Reaction
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e \Water is formed
e H>0O, is intermediate

e \ery strong temperature dependence with
peak at 25 K




H atom Is chemically bonded to the grain and
does not diffuse

Graphite + H Is model system

Pendleton &
Allamandola, ApJ 135
(2002) 75

21




Known D coverage exposed to H forming HD

| H— D/graphite(00071) T=150K
B, = 4.8*10" cm™s”
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Known D coverage exposed to H forming HD

H— D/graphite(0001) T=150K
#, = 4.810" em™s”

el d[gltD] = 0®[D]yexp (—oPt)
AMDI:HD formation rate
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HD formation rate as a function of time
Zecho et al, Chem Phys Lett, 366 (2002) 188




integrated amu 3 [ML]
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366 (2002) 188 156104 (2006)




Direct Eley-Rideal




Dimer Eley-Rideal
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Bachellerie et al., submitted to Chem. Phys. Lett.




Dimer mediated abstraction
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Cuppen & Hornekeer, submitted to JCP




Eley-Rideal with steering
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Sha & Jackson, Surf. Sci., 496 (2002) 318




Fast diffusion of physisorbed atoms in
combination with direct Eley-Rideal
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Cross section
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For surface modelling many parameters are still
unknown, but with some reasonable assumptions
useful results can be obtained.

Diffusion is very important and should be studied in
more detalil.

Not only parameters with uncertainties. Mechanisms
sometimes not known.

Modelling can help for interpretation of experimental
results and finding underlying mechanisms.

Hard to give simple temperature dependence of
surface reaction rates. Many parameter problem.
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