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Effect of van der Waals Interaction on Ortho-Para Conversion of H; on Ag(111) Surfaces
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*1Department of Applied Physics, Osaka University, 2-1, Yamadaoka, Suita, Osaka 565-0871, Japan

(Received November 18, 2011, Accepted December 27, 2011)

We have investigated the H, molecular adsorption on the Ag(111) surfaces. To treat van der Waals (vdW) interaction accurately,
we performed first principles calculation based on spin-polarized density functional theory (DFT) with the semiempirical correction
term of vdW interaction. We got the value of 36.0 meV as the depth of potential energy with this method. We also found that in-plane
diffusion barrier was less than 1.3 meV, and zero-point energy about perpendicular direction to the surfaces was 5.0 meV. Totally, the
adsorption energy of Hy/Ag(111) was 31.0 meV, which accordingly agreed with experimental value of 25.5 meV. We also calculated
the ortho-para H, conversion rate with the anisotropic potential energy. We found that this anisotropy induced the hindered rotational
state, which imposed steric effects and accelerated ortho-para H, conversion.
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Fig.1 Top views of Ag(111) surfaces. Black balls denote
surface atoms. White lines indicate the unit cell used in the
calculation. The origin of surface normal coordinate is de-
fined at the first layer.
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Table 1 Calculated adiabatic potential energies for the hydro-
gen molecule at the high-symmetry sites on the Ag(111) sur-
faces. The results about PBE and revPBE with DFT-D2 used
as exchange-correlation functional were shown. L and //
means molecular axis perpendicular and parallel to the sur-
faces, respectively.
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Table 2 Calculated rotational energies of hindered rotational
states. For reference, calculated rotational energies of free
rotational states are also shown. J and m means rotational and

potential energy (MeV) magnetic quantum numbers, respectively.
t side | bside | hh side | fh side Rotational Energy (MeV)
Rotational State
1] =126 | —129 | —14.0 | —134 Hindered Rotation Free Rotation
PBE
// -88 | —10.3 -7.7 -7.7 J=0,m=0 5.27 0.00
1| —34.7 | -35.8 | —36.0 | —36.0 J=1,m=0 18.34 15.0
revPBE with DFT-D2
/] | —28.7 | =27.7 | —27.9 | —28.0 J=1, m==+1 21.36 15.0
®).., |
Vt site t s1te—7

Fig. 2
Fig. 2(a).
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(a) Top view of diffusion path on Ag(111) surfaces. (b) Calculated adiabatic potential energy curve along diffusion path shown in
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Fig. 3 Ortho-para H, conversion rate as a function of perpen-
dicular coordinates of the hydrogen to the surface.
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