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~ Importance of interstellar dust grains

Chemical processes
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. > DFT: PW91

*« supermolecule » approach correctlon BSSE
g Trane;tal Js Phys Chem B (2002) Helne et al. PCCP (2004) s

: KS-CED_..apprqach_

~_Tranetal. J. Phys. Chem. B (2002) .

ol L : v, | ; : - ; !
. ;Pe’rib‘d‘ic approach: plane waves :



Central
~ slice

Buch et al. Int. Rev. Phys. éhe?n.-(20Q4_)
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'Adsorptlon of H,on graphene

vert|cal dlmenS|on of the CeII

__hatjteur de
lamaille (A)*'

AE (kcalimdl)

. fT-gst of the adsorption energy of a dipolar system: HCN



Adsorptlon of H,on graphene

horlzontal dlmenS|on of the CeII
d, =246 A

d,=426A di=984A "

cody =4.92A
d..=17.04A

o, =8.52A




Adsorptlon of H,on graphene

Experlmental value: E = 1 1 ~1 .2 kcal/mol s
Vidali et al Surf Soi. Rep (1991) -

repulsive

Global * E
- interaction * . Distance
- energy , between H,

molecules

& -0.75 kcal/mol L



- ;Aqsorpt.ion olj H2-‘Qn. graphene Fa

. Pc_')-s'itiokn_ of H, foal i e Orientation ‘of H2 %

LI

_- L:-middle of a-bdnd._ X/ to plane-

C: carbon atom “Y: /7 to plane .

'O center’of the rir;'g_ Lz [ to _'pl'ahe;




Table 2. Hy—graphene equilibrium distances, z;, (A), and
corresponding adsorption energies in kcal mol~!; laterally
averaged values are given for || to the surface orientations.

Graphene cell ~ Site || to surface 1 to surface
Zm AE Zm AE

Rep. Rep.
Rep. Rep.
Rep. Rep.

Ads-orptlon of M,
on graphene +

&

Single H, . = TPeiu.

- i "

_:Repulsi\_fe,.a_t short Cjistance

& . v
o W 1

" Independent of orientation.
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Monolayer of H,

®

_'.'I\/Io're- stable for inter-H,

distance close to H,.dimer

T Pauzat, et al. MNRAS. (2011) _ .



' 'Adsorption of H,on graphene:

, . looking for H, dimers .. .

d, =246 A " " “H,dimer: d, ~37A ;

Cui‘& Fain, J. Vac. Sci. Tegh., (1987) . *+"

* Other arrénge'r'neknt's's_atis_fying the hexagonal struciure.'_ i

. Spees




Adsorptlon of H, on graphene

o Iooklng forH dlmers

Lateral interaction as f(d,,, ,,)

keal/mol

'S Total interaction between
H, and graphene as f(d,,,,)

- ‘ .



i ""'A-dsorption of Hyon grap-ﬁenie‘--

L ‘hl

. The phySISOrptlon energy per moIeouIe in a’monolayer:i is dependent
on the distance betwe'en adsorbed molecules ;oo :

]

-

> Physrsorptlon on adjacent rings |e not p055|ble
> Best energetical arrangement when oo d(q,mer)

> Two situations, favored: AE~ 1 kcal/mol .. b o
e H on top of the ring center ‘associated with-
« H,on t‘op ofaC -
P H on top of the middle of a CC bond

. The best coverage o) phy3|sorpt|on In a: monolayer glves g

s e -

> Surfaoe denS|ty of, one H; per 12 AZ —} NES 0.8 X 1015 H /c:m2
>HtoCrat|o—1/46 : : :

> 'Assuming 15-20% of intérstellar C locked iri aromatlc systems R X
-’ 2:x 10<of H, trapped on PAHS '

Govers et al., J. Chem. Phys., (1980)
- -. ‘ -

=



"Adsorptlon of H,on graphene

Only a smaII amaunt of H can be trapped on PAH I|ke surfaces but: '

-

P Amattress of H may play the roIe of ek & Pl .

"+ Provide a smooth landing*# bouncmg back to gas: phase
* Help adsorptlon of incoming, species - *:

> A mattress of HQ UEN
A Change V|bratlon frequenc;les (Iow energy modes)

> Amattress of H, may ace
e Enhance the formatlon of H,* .where H, can be ionized

e, Amattress ol H may I

» Low energy IR radiations often neglected N the |
evaluatlon of the gas- gra|n energy balance could reIease :
" H, with greater energy than when adsorption occured. . *.

Pauzat et al., MNRAS (2011) - _



Reriodic approach:.crystalline iee .

> Hexagonal ice.
o Apolar: o v
: Stableslabs" g nsu H site

-9

bi-layer




_Adsorption of H,on hexagonal ice -

Single H,

" Position: on _tbp of oxygen sites, -

" Orientation: Z favored K

d(HZ-HZ)

2.79
3.35
4.19
5.58
8.37
16.74
__ Distance in -A;—_AE;ih _kéal‘/m_ol




_Adsorption of H,on hexagohal ice -

Monolayer of H, -

repulsive

Distance
o betviveen H, |
molecules. .

Not on top of

: Global Oxygen site

interaction
energy -

B

g -1.45 kcal/mol

IR -1.30 kcal/mol JB



_Adsorption of H,on hexagonal ice -

RoWs of H,
" > Nearest In_éighbours are 2 instead 6ff_3: . = d L=437TA

1

" mmp H,dimer: d, ~3.7A

AE = 1.47 Kcal/mol

J_att'elais,'Pauzat & Ellinger, in prepa'rat'ibn. (2_01-1)

=
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| -Comportement des fonetionnelles d’échange
PSS . en fonction du gradient réduit

Cpmbortement :
« identique»
des fonctionnelles'
d’échange pouriles
petites . "%
valeurs du gradient
réduit s

Zone van der Waals:
g Grand gradient réduit = petite densité

Petit gradient réduit = grande densité

B “
. %
¥
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