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Fig. 1 Reaction path and forces acting on two
hydrogen atoms of the ZnO-H, system.
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AE= 7.5 Kcal/mol
(a) Molecular adsorption

AE= 8.1 Kcal/mol
(b) Molecular adsorption

Free hydrogen molecule
He——H
0.731A

AE= 227 Kcallmol\izZI (second fayer)
(c) Dissociative adsorption

Fig. 2 Optimized geometries and optimized
geometrical parameters for the two types of
molecularly adsorbed hydrogen molecule
(a, b), and one type of dissociative adsorp-
tion (c).
4E is the stabilization energy relative to the free H,.

Table 1 Energies and atomic charges of H, along the reaction path
in which ZnO is replaced by the two point charges of £0.5.

With point charges

Without point charges

Point Ryy.5(A)

Atomic charge

4E (kcal/mol) Ha/Hb 4E (kcal/mol)
2 0.7417 —0.19 —0.03/+0.03 0
3 0.7846 —10.23 0.00/0.00 0.69
4 1.2191 18.14 —0.05/+0.05 39.91
5 2.1674 43.36 —0.45/+0.45 97.70

The energy of H, at the equilibrium bond length and without the point

charges is taken as a standard.
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Table 2 Vibrational frequencies of the hydrogens adsorbed on a ZrO, surface

(cm).

Molecular adsorption

Dissociative adsorption

(H-H) Zr-H? O-H?
geometryl)  calcd. exptl®  geometry!)  caled. exptl? calcd. exptl.?
a 4302 3996 c 1810 1562 3310 3663
b 4324 4031
4054

1) Geometries a, b, and c are defined in Fig. 2.

2) Frequencies are calculated assuming that the Zr and O atoms are fixed during the vibrations.

3) ref. 14).
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Fig. 3 Potential energy curves along the dis-
sociation of a hydrogen molecule.

(a) free hydrogen molecule, (b) hydrogen molecule
on the point charges, (c) hydrogen molecule on the
ZrO, surface.
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Fig. 4 Contour maps of the electron density difference

along the reaction path.

Fig. 5 Cluster model for the Ga-As surface.
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Fig. 6 Schematic representation of the crystal
growth mechanism by the As, beam epitaxy
method.

Only the most probable reactions are displayed.
The hatched and empty circles represent As and Ga

atoms, respectively. The value in the parentheses
shows the energy barrier for each reaction.
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Fig. 7 Schematic representation of the Ga-As
epitaxial crystal growth by the As, cluster
beam.
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Fig. 8 Illustration of the concept of the
dipped adcluster model.
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Fig. 9 Potential energy curves for the side-on
approach of O, onto a silver surface.

n denotes the number of electrons transferred from
the bulk metal to the adcluster.
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Fig. 10 Potential energy curves for the O-O
dissociation process in the lowest three states
of the Ag,O, adcluster with n=1.
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Fig. 11 E(n) curves calculated by the DAM
for the Cl,” potassium surface System. Ka-
Cla distance is 8.0, 7.0 and 5.0 A.
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Fig. 12 Assumed reaction path for the surface
chemiluminescence and electron emission
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Fig. 13 Potential curves of the Cl,-potassium
surface chemiluminescence and electron
emission processes.
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Quantum Chemistry in Catalytic Activity on Surfaces. Hiroshi NAKATSU]JI, Masahiko HADA,
Hiromi NAKAI, and Yoshifumi FUKUNISHI (Faculty of Engineering, Kyoto University, Sakyo,
Kyoto 606, Japan)

Surface-molecule interactions are important elementary processes in catalytic reactions. The
results of these theoretical investigations largely depend on the quality of the wave functions and
the nature of the model adopted. The cluster model (CM) is frequently used, but neglects the
effect of the bulk solid. For including this effect, we have proposed dipped adcluster model
(DAM). Here, we give a brief review of our recent theoretical studies on surface-molecule inter-
actions and reactions by using CM and DAM.
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