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QMS signal (cps)
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Dulieu et al 2010
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Water and surface chemistry
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One collision every day

One collision every picosecond
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Int. absorbance (cm’ )
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H202 and H20 and O3, OH
O2H ... are formed loppollo thesis
loppollo et al 2008, 2010 ...
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Water from a combination of O and H
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Water is easy to form experimentally !

O+H Dulieu et al 2010

Miyauchi et al 2008, loppolo et al 2008
O,+H Matar et al 2008, Oba et al 2009,
loppolo et al 2010, Cuppen et al 2010

O +H Mokrane et al 2009, Romanzin et al
3 2011

Water is one of the compound easil formed

on cold surfaces (10 - 50K)

Water formation rate >> CO + H ; CO+OH ...
>H+H
Water is (Oba et al 2009, Accolla thesis)
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Chemical network...

Introduction

Gas vs Solid
Water formation

Chem. network

Ortho Para Ratio
Nuc. Spin Conv.
H2 NSC

H20 NSC

Spin temp.
and desorpion

About 20 reactions...
+ different experimental conditions and methods

F- Dulieu — LERMA - IAU symposium 280— Toledo - 2011



Experimental agreement ?

Introduction

Gas vs Solid
Water formation

Chem. network

Ortho Para Ratio
Nuc. Spin Conv.
H2 NSC

H20 NSC

Spin temp.
and desorpion

‘ Reaction No Barrier | Barrier | No reaction

O+0 — 0O, ** Tt
Og + 0 — DE_: B+ 5 ‘I"I’ o0

O+H —OH
O +H — HO> 4 | #*x 1T ooo
O;+H — 02+ 0H 5 | *x 111 coo

HO> + H — H20-» ) | **x% fooo
HO:; +H — OH + OH '

OH + OH — H20: *xx%T 000
OH+ OH — H:0+ 0 : *okok T

|H202 + H — H20 + OH | 14 |

O+ Hz — H20 |15
Oz +Hy — H:20+OH |16 ***1Tfooo

OH+H; — H;O+H 17 Tt
O3 +Hz — HoO + 09 |15 11t ooo

OHH{——-HO‘
|

F- Dulieu — LERMA - IAU symposium 280— Toledo - 2011

3 items
No doubt

2 items
strong evidences

1 item
weak evidence

No item
?



Water formation
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Ortho and para states
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Nuclear spin conversion (NSC) H2
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NSC of H2 on water ice
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Expose to H2 (1:3)

Or D2 (2:1) Probe J with laser

No added O2

3/10000 added O2
3/1000 O2

3/1000 O2
500 1000 1500 2000 2500 3 x more D2

time (s)

Chehrouri, Fillion et al 2011
A tiny fraction of paramagnetic species induces NCC in solid phase
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NSC of water in matrix (I)
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Water in rare gas matrix --> pseudo gas phase behaviour

Follow in time IR bands (ortho and para)
LPMAA, Michaut, Fillion et al

Pardanaud thesis 2007
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NSC of water in matrix (Il)
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NSC time decreases with:

- the intermolecular interaction (increase)
==> frustrated rotation?
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Dipolar NSC of water ice
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Buntkowsky et al 2008

Frustration of rotation induces a reduction of energy difference

NSC in water ice it expected to occur in the ms time scale
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Differential water desorption from ice
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OPR ~ 2.4 could be a signature of water thermal desorption
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Ortho and para ... conclusions
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For lab astrophysicists and others
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