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Fig.1 Side view (a) and top view (b) of Zr(0001) surface
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Table1l Adsorption performance statistics of H, at different
sites on Zr(0001)

Adsorption Free H, Top  Sbri  Lbri

Hollow  fcc

E.d/eV -0.113 -0.017 0.894 0.871  0.899
dry/nm 0.3428 0.1829 0.1011 0.0914 0.1067
dre)y/nm 0.4184 0.2102 0.1046 0.1086 0.1098

duwmm  0.075287 0.0757 0.0853 0.2133  0.2124 0.2135
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Fig.2 Adsorption configurations of H, at different sites (lbri, hollow and fcc sites) on Zr(0001): (a) initial adsorption site of Hy; (b) top view

and (c) side view of the final stable adsorption sites of two H atoms after H, dissociation
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Fig.3 Differential charge density diagrams of H, adsorbed at fcc site on Zr(0001) surface: (a) side view, (b) top view, and (c) (1120) plane
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Fig.4 DOS and PDOS for Zr(0001) before (a) and after (b) H, adsorption
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Table2 Charge population before and after H, adsor ption at fcc site on Zr(0001) surface
Before adsorption/e After adsorption/e

Atom

s P d Total Charge s p d Total Charge
H(1) 1 0 0 1 0 1.34 0 0 1.34 -0.34
H(2) 1 0 0 1 0 1.33 0 0 1.33 -0.33
Zr(1) 2.7 6.5 2.9 12.11 -0.11 2.6 6.43 2.79 11.81 0.19
Zr(2) 2.7 6.5 2.9 12.1 -0.1 2.64 6.54 2.84 12.02 -0.02
Zr(3) 2.7 6.5 2.9 12.11 -0.11 2.63 6.5 2.84 11.94 0.03
Zr(4) 2.7 6.5 2.9 12.11 -0.11 2.60 6.43 2.79 11.81 0.19
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Table3 Bond populations of free H, molecule and Zr (0001)/H, system
Bond Free H, Zr(0001)/H,
H(1)-H(2) H(1)-H(22)  H(1)-Zr(1) H1)-Zr(2) H(1)-Zr(4) HQ2)-Zr(1) HQ2)-Zr(3)  H(2)-Zr(4)
Population/e 0.88 -0.02 0.20 0.25 0.20 0.21 0.24 0.21
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Fig.5 Adsorption energy of stable adsorption of H, at fcc site on

Zr(0001) surface varying with the degree of coverage
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First-Principles Study of Hydrogen Absor ption on Zr(0001) Surface

Song Yi, Feng Yan, Cheng Yongjun, Pei Xiaoqiang, Feng Tianyou, Dong Meng, Wei Ningfei, Qiu Yuntao
(Science and Technology on Vacuum Technology and Physics Laboratory, Lanzhou Institute of Physics, Lanzhou 730000, China)

Abstract: The adsorption of H, on Zr(0001) crystal surface was studied by the first-principles plane wave pseudopotential method within
the density functional theory. By calculating the preferred adsorption sites, adsorption energy and electronic structure of Z(0001)/H,
system, the microscopic mechanism for adsorption of H, on Zr(0001) surface was clarified. The results show that the favourable
adsorption position of H, on Zr(0001) surface is the fcc site and its adsorption energy is 0.899 eV belonging to a strong chemical
adsorption, and the two H atoms dissociated from H, molecules are finally stably adsorbed at the hollow and fcc sites on the surface of
Zr(0001). There is a large amount of charge transfer between the adsorbed H atom and Zr (0001) surface, which results in the formation of
ionic bond between H and Zr atom, and the typical covalent bonds between H and surface Zr form through the orbital hybridization of H
1s and Zr Ss, 4d. As a result, one can see that the chemical bonding between the H atom and the surface Zr atom is a characteristic mixture
of the ionic and covalent bonding. In addition, the adsorption energy gradually increases with the increase of coverage. When the coverage
increases to 4/5 ML, half of H atoms after the dissociation of H, are adsorbed on the subsurface of Zr(0001).

Key words: first-principles; Zr(0001) surface; hydrogen adsorption; stable adsorption configuration; electronic structure
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