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Fig.1 Examples of wave functions with ‘odd parity” and ‘even parity’

a. The p-electron wave function has ‘odd parity’ , which shows two symmetric lobs in the angular distribution of wave function of p state

(I =1). Under the central inversion (x, y, z) —(=x, =y, —z), the values on its symmetric points in two lobs are equal but with opposite

signs; b. The s-electron (/ = 0)and d-electron (/ = 0)wave functions have ‘even parity” , which shows that, under the central inversion

(x, y, z) —(=x, —y, —z), at any two symmetric points, both the values and signs of wave function ® are the same
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Fig.2 Some examples of ‘matching of parity”’ for two atoms colliding with each other

(a. The collision of two atoms, both in s -state ®_; b. Collision of atoms, one is in s-state and another in P,-state;

c. Collision of a d,,(I=2 , m, =—1) state atom with another atom in P, state; d. Last example)
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Table 1 Dependence of the ionization energy of interstitial H

1 H

to the dimensionless radius of Pauli hole, /;, ~ EO

v, &=,/ aq I, eV
0.04 5.32 12.57
0.2 3.25 9.44
0.4 2.53 6.94
0.6 2.26 5.31
0.8 2.11 4.20
1.0 2.00 3.40
1.5 1.84 2.18
2.0 1.76 1.51
3.0 1.66 0.85
3.5 1.63 0.67
4.0 1.61 0.54
4.5 1.59 0.45
5.0 1.57 0.38
5.5 1.55 0.32
6.0 1.53 0.28
7.0 1.51 0.21

Note: v, is a quantum number contained in the elec-
which

determines the radius &, of the Pauli hole. §,= r, / a

tronic wave function of the interstitial H,

is the dimensionless
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nm, & =~ 1.89
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Significant Contribution of the Induced Dipole of an Interstitial
Hydrogen on Solid Surface to the Catalysis

YOU Jun-han', DING Wen—jiang4, 70U Jian-xin®, LIU Dang—bol’z,
GAO Hai-xiang’, Li Xin-hao"’

( 1. Department of Astronomy, School of Physics and Astronomy, Shanghai Jiao Tong University, 800 Dongchuan
Road, Shanghai 200240, China; 2. Shanghai Key Laboratory for Particle Physics and Cosmology, Shanghai
Jiao Tong University, 800 Dongchuan Road, Shanghai 200240, China; 3. Zhiyuan College, Shanghai Jiao Tong
University, 800 Dongchuan Road, Shanghai 200240, China; 4. Center of Hydrogen Science, Shanghai Jiao Tong
University, 800 Dongchuan Road, Shanghai 200240, China; 5. Department of Chemistry, Shanghai Jiao Tong
University, 800 Dongchuan Road, Shanghai 200240, China )

Abstract: Recently we mentioned that the surface of solids often exerts Pauli repulsion on the interstitial hydrogen,
which markedly changes the properties of atom H, and increases its chemical activity, which is simply called as
‘Pauli activation of interstitial H’ . The purpose of this paper is further to quantitatively confirm the reality of this
activation mechanism. We emphasize that, it is the H dipole induced by Pauli activation, which plays a key role
for this catalysis. Taking a simple diatomic molecule as an example, we first explain in detail that two prerequisites
have to be satisfied to form a molecular covalent bond, i.e., the requirements of both the ‘energy convergence’ of
the ground states of two atoms and the ‘matching of parity’ (the compatibility of intrinsic spatial reversal symmetry
of two atomic waves) must be met when two atoms are in close contact. We further argue that the Pauli activated H
on surface of solids just meets these preconditions due to the dual modulation effect of the induced H dipole on both
the energy and the spatial orientation of the incoming foreign atom/molecule, participating in the bonding process
with H, and inevitably facilitates the required convergence of the energies of ground states of two atoms as well as
the matching of parity. We emphasize that the Pauli activation requires that the size of the pit/depression(hole) on
the solids surface must match the radius of the interstitial H atom to ensure the effectiveness of Pauli activation.
Accordingly it provides a clear criteria of selecting a suitable catalyst for the specific chemical reaction, which is
valuable in practical applications. Taking a real and simple chemical reaction as an example, we make a calculation
and quantitative discussion on the synthesis of MgH, , using Ni as the heterogeneous catalyst. Details of how to select
a suitable catalyst are given. And how the dual modulation effect of the dipole of interstitial H facilitates the formation
of the covalent bond Mg-H is clearly demonstrated. Therefore the rationality of the Pauli activation catalysis is
confirmed theoretically. At end of this article, some predicted results are put forward, expected to be tested by future
experiments.

Key words: heterogeneous catalysis mechanism; Pauli activation; surface and/or subsurface hydrogen; induced

dipole; hydrog enation



