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H

He     ~ 10%

~ 90%Gaz (99%) H2
Dust :   grains     (1%)

Interplanetary /Comet Grains

PAH (Polycyclic Aromatic Hydrocarbon)

Small Grains (Carbonaceaous)
Big Grains (Silicate)

Rovibrational state of H2

vibrationally  cold v = 0-5 * 
rotationally  warm j = 0-30 **

* T. Giannini et al. Astron. Astrophys. 419, 999 (2004)
** D. Rosenthal et al. A&A 356, 705 (2000)
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The Interstellar Medium (ISM)

Diffuse clouds PhotoDissociation Regions

Dissociation of H2 very efficient (UV)
H>>H2

abondance of H2 ?

Highly efficient recombination 
Mechanism of H atoms

Why are we interested in H2 in the ISM?



Eley-Rideal

Langmuir-Hinshelwood

Main mechanisms on surface

« Hot-Atom »
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Formation

 Exothermic reaction
4 - 4.5eV

Translational Energy Internal Energy 
rotation-vibration

Grains Heating

Heating of the ISM Radiative Loss Surface chemistry?

 Crucial to understand the distribution of the released energy
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Potential :  V. Sidis, L. Jeloaica, A.G. Borisov and S.A. Deutscher dans
      "Molecular hydrogen in space“, (Cambridge University Press2000 pp.89-97.)

HaChemisorbed on a C sp3

E = - 0.47 eV
Confirmed theoretically and 
experimentally

zC

dC-Ha

dHa-Hb

Ha

Hb

Formation of H2

ER mechanism (1H chemisorbed)
Collinear approach
 

Quantum Dynamics:
S. Morisset et al.
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Good agreement between Quantum and Quasi-classical dynamics

Energy sharing Vibrational distribution of H2
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1. Introduction
Goal of the work

Form H2 in lower rovibrational state as observed in the ISM

Take into account the full relaxation of the surface

Study of the formation of H2 on a surface of 200 carbon atoms

606 degrees of freedom               Classical molecular dynamics

PES of the system?

Quantum calculation (DFT) are presently incompatible
with molecular dynamics on the fly

Semi-empirical potential 
Bond-order potential (D.W. Brenner)



∑=
l

lEE ( ) ( )[ ]ijAijijRl rVBrVE
ij

−=
)(

Brenner empirical potential *
Used to study small hydrocarbons
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HH : 1.7 Å → 5.0 Å
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Construction

* D.W Brenner Phys.Rev.B. 42, 9458 (1990)

i j

k1k3

k2

ijk1
θ

rik2



 Use of DFT calculations
Sidis & Jeloaica
Rougeau & Teillet-Billy

Corrugation of the surface
Jeloaica and Sidis Chem.Phys.Letters 1999 

LSDA + GGA

T

H

B

Chemisorption well
zC = 0.36 Å
zH = 1.49 Å
V = -0.47 eV
Chemisorption barrier  :
zC = 0.13 Å
zH = 1.86 Å
V = 0.26 eV
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Construction

Selection of crucial points for the dynamics

B

H
T



1H : Collinear approach of H on a C atom (TOP site)

Chemisorption Well:
This work:
zC = 0.46 Å
zH = 1.53 Å
V = - 0.58 eV
Barrier :
zH = 1.9 Å
V = 0.25 eV

DFT :
zC = 0.36 Å
zH = 1.49 Å
V = - 0.47 eV
Barrier :
zH = 1.86 Å
V = 0.26 eV
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1. Graphene-H-H potential

2H : Normal approach of H out of the axe of C*

Validation



Hb 

Ha z Hb 

Ha 
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1. Results
Collinear approach

Difference between restrained relaxation and full relaxation of the surface
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Extended puckering

zC* = 0.64 Å
zC1 = 0.2 Å
zC2 = 0.04 Å 
zH = 1.8 Å

V = - 0.8 eV
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Collinear approach

Energy Sharing



 
                0.015  
       Ecol   0.05  eV
                0.2

14

Modelisation  of the molecular hydrogen
formation on carbonaceous interstellar grains

1. Results
Non-collinear approach

Relaxation of all the surface (200 atoms)

bmax

Ha 

Hb 

C0

Normal approach of Hb

>10 000 trajectories
Velocity-Verlet algorithm



Rovibrational distribution of H2
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Cross sectionReaction probability
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1. Results

Sudden approximation

Non-collinear approach
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1. Conclusions
Conclusions

Significant amount of energy goes into the surface
(≈25% of the released energy)

a realistic potential to study the graphene-H-H system

Cross section behavior is related to the caracteristics of the 
potential

H2 is formed in lower rovibrational states that found with the 
constrained relaxation

Potential gave rise to the extended puckering
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Thank you for your attention
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