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To describe the quantum properties of an oxygen molecule adsorbed on the
surface of an ionic dielectric, we use the following model. The surface is square
lattice of attractive and repulsive sites. The surface potential barrier with height-
Up equal to the electron affinity in the dielectric allows for the presence of the
crystal in the half-space z > 0. In the coordinate representation, the Hamiltonian
of the system comprising the adsorbed molecule and the crystal surface writes as

H=ﬂ,n0|+Ue+Vn+Vel (1)

where Hp,o is the Hamiltonian of a free oxygen molecule,

0, 2<0
Ue‘{ ~Uo, 220 @

is the surface potential for the molecule valence electrons, V,, and V, are the model
potentials of the interaction between the surface sites and the molecule nuclei
and valence electrons, respectively. An electron-electron interaction between the
molecule and the crystal surface is ignored in (1) assuming that it is taken into
account partially in both the surface potential U, and the model potential V.

A salient feature of a surface is an appreciable weakening of the bonds between
the surface lattice atoms due to the break of symmetry, the corresponding dehy-
bridization of the bonds, the depression of valency directivity [1]. The studying of
the Hamiltonian (1) displays that the adsorption of the molecule not only weakens
the lattice bonds, which is verified by experiment [2], but also changes the shapes
of the valence-electron clouds substantially, which weakens the molecule bond. As
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is shown in [3 4], the similar effect arises for the hydrogen molecule near the struc-
tureless surface (neglecting the model potentials V,, and V).

The weakening of the molecule bond depends on the molecule orientation
relative to the surface. The energy of the molecule near the surface has been
approximated by [3 4]

Emol(RlL:lyzZ) = (3)

Emo(R12)AEa(21) + AEa(22) + dm(+ga‘(zz)(l — 3sinv3,), (4)

12
where ‘Rj, i1s the separation between the nuclei of the molecule, z; and z; are the
distances from the nuclei 1 and 2 to the surface, sin 12 = (2) — z3)/Ry2, V12 is the
angle between the molecule axis and the surface, AFE,¢(z0) = Eat(20) — Fat(zoo ),
Fai(z0) and da(z0) are the energy and dipole moment of the hydrogen atom at
the distance zo from the structureless surface [5], Emoi( R},) is the energy of a free
molecule at the effective interatomic separation

12 = [RE + 2(22 — 21)(dar(22) — dae(22)) + (dar(21) — dar(21))?]*/?

equal to the distance between the centers of mass of the electron clouds.
For an adsorbed oxygen molecule, the bond weaking was obtained by the
classical method [6).
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