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DOMAINS OF INTEREST

High energy domain (>10 eV)
Tokamak

=> the inner walls are in graphite

=> H retention is observed

=> Fusion reaction: T will used

=> safety problems

How does the H atom stickon a graphite surface ?

Low energy domain (<1eV)

Interstellar Medium

=> H,formation on a dust grain (graphite)

through a Eley Rideal (ER) mechanism can
explain the molecular abundance

=> H must initially be chemisorbed




H - Graphite SYSTEM

Collinear approach (z coordinate)

Chemisorption ~ 0.76 €V Chemisorption barrier ~ 0.2 eV

e

H chemisorbed on the C atom O

T~

G=0=0=0
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SYSTEM
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It is necessary to take into account the vibrationnal modes of the
substrate in the quantum dynamics calculation




METHODS OF COMPUTATION

Density Functional Theory (DFT)

—> H - graphite interaction potential

—> phonons modes of graphite and H - graphite systems

Close Coupling Wave Packets (CCWP)

—> Numerical Resolution of the time dependant Schrodinger equation
—> Time propagation: Lanczos method

-> Action of the kinetic operator on wave function : Fourier method

- To avoid reflections on the edge on the grid: absorbent potential

- WP is analyzed in the asymptotic zone: flux analysis method

DFT + CCWP — allow obtaining sticking probabilities




® (cm'1)

1600 —

K
M
r
Graphite
TO & LO

DFT Calculation

Phonons Dispersion (harmonic approximation)
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Quantum Dynamics Calculations
Hamiltonian

One-phonon approximation

Kinetic energy operator
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Potential Operator

Lattice dynamics Hamiltonian
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DFT calculation
Coupling between the H motion and the bath of phonons

A I R One-phonon approximation
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DFT calculation
How calculated the « COUPLING TERMS » ?

DFT — dynamical matrix

Quantum dynamic calculation : phonons dispersion in all the Irreducible Brillouin zone
- Interpolation of the dynamical matrix by spline method
- frequencies and polarization vectors obtained by this matrix diagonalization

— construction of u(k) => U
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Quantum Dynamics Calculation

Hamiltonian

Kinetic energy operator Lattice dynamics Hamiltonian

\ _
H=T+V,+V +H,

| hw, (k)@a;ak; + %ﬁ

V., = z g (Z)( a + a,;.) Potential Operator o Z J
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Wave function

Sum = elastic wave function + creation of one-phonon + annihilation of one-phonon

DR I R EA

=> Close Coupling Wave Packets (CCWP) approximation
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Quantum Dynamics Calculation

System to resolve:
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Quantum Dynamic Calculation
Hermiticity

Why is not H Hermitian ?
—» choice of development |¥ } — one phonon exchange approximation
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Wave Packets Propagation

Elastic wave function
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Wave Packet Propagation

- creation of one phonon

Inelastic wave function
- C-C mode

0 WO [

Absorption of phonons modes of the lattice surface - energy dissipation




Sticking Probabilities

T (K)

' (1)
2000 2100 2200 2300 Experiment
1.0 , : . . . . |
0_41 T=150K
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= > +
2 0.0 +
S 4] 2 4
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Saturation coverage 0.3
--> sticking probability about 0.4

E (eV)
Chemisorption barrier

< T=150K : good agreement theory - experiment

- T=10K (ISM conditions) : ER mechanism does not seem efficient to explain the abundance of H,
(ER = H coming from gas phase collides an H initially absorded on th1essun‘ace)

(1) T. Zecho, A. Guttler, X. Sha, B. Jackson, and J. Kuppers, J. Chem. Phys. 117 8486 (2002)



Sticking Probabilities

T=150K
Experiments Quantum Classical
P method method This work
Zecho et al.™ .
Sha et al.@ Kerwin et al.®
Energy (eV) | Centered around 0.2 0.1-0.9 0.1-0.9 0.2
Sticking 0.25-0.5 0.1 0.024 - 0.05 0.5
coefficient
(1) T. Zecho, A. Guttler, X. Sha, B. Jackson, and J. Kuppers, J. Chem. Phys. 117 8486 (2002)
(2 X. Sha, B. Jackson, D. Lemoine, B. Lepetit J. Chem. Phys. 122 014709 (2005)

)
(3) J.Kerwin, X. Sha, B. Jackson J. Phys. Chem. B 110 18811 (2006)
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Isotopic Effect

ratio

Deuterium
Ratio I:)sticking_D/ I:)sticking_H
2000 2100 T(K) 2200 2300
1.5 | | | | 1 T=10K I:)sticking_D < I:)sticking_H
T=15OK Psticking_D < I:)sticking_H E < 01 95ev

Calculation concludes to an Isotopic

effect [1 consequence in the ISM :

— graphite grain absorbed differently H
and D atom

- ER mechanism does not seem to be
0.20 efficient to explain the deuterated
hydrogen molecules formation HD and

E(ev)
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Model : the coupling between the D motion and the
bath of phonon < coupling between the H motion
and the bath of phonon
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CONCLUSION & PROSPECTS

CONCLUSION

- Taking into explicit account of vibrationnal modes of the lattice in the dynamic calculation

- Study of the H sticking on graphite in the chemisorption well
- Development of a model to extract coupling term with DFT calculation

- Good agreement theory - experiment
- Chemisorption barrier governs the sticking at low collision energy
- Important isotopic effect is observed

- One-phonon approximation is not sufficient
--> it is not possible to transfer energy in n-phonons processes

PROSPECTS

Develop the model to take into account the n-phonons processes

To Increase the number of degree of freedom
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Thanks you for your attention
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