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First principle investigations on surface structure and
mechanism of hydrogen adsorption of LaNis(111)
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Abstract: The electronic structures of LaNis hydrogen storage alloy and LaNis(111) surface with hydrogen atoms were
calculated by plane wave pseudo-potential method based on density functional theory. The results show that on the
relaxed surface, La atoms protrude from surface and Ni atoms cave in, which enlarges the contacting area with H atoms.
The effective volume of the surface layer is increased by 2.3%, which favors H atoms to diffuse into bulk from the
surface. Calculated charge population presents negative charge on the surface, and the negative charge may transfer from
the surface layer to H atoms. The stable structure by geometry optimizing after H, molecule is dissociated into two H
atoms on LaNis(111) surface presents similar structure with hydride LaNisH; at the same position. The possible
dissociation path and the mechanism of hydrogen-adsorbed are investigated with transition state method, and the
activation energy of reaction is estimated as 0.27 eV.
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- 0.003 eV/nm 0.05 Experimental®™ 5.0170 5.0170 3.9860 0.794 5 86.887 3
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2.2 LaNis (111)
LaNis(111) H
LaNis(111)

LaNis(111) 2(a) 2x1
7A

LaNis (111)
LaNis (111) 2
2(b) 2(c)
2 La2
0.001 9 nm Ni2 Ni4

0.010 8 nm Ni8 Nil0 0.0151



1694 2008 9

o
O @
(a)

(b) (c)

2 LaNig(111)
Fig.2 Crystal models of LaNis(111) surface: (a) Surface of LaNis(111); (b) Side view of ideal surface of LaNis(111); (c) Side view
of relaxed surface of LaNis(111)

2 LaNis(111)

Table 2 Geometry optimization parameters of LaNis(111) relaxed surface

Atom Ideal surface Relaxed surface
x/A y/A Z/A x/A y/A Z/A
Nil 0.858 153 0.358 153 0.104 229 0.860 718 0.353 303 0.113 822
Ni2 0.500 000 0 0.312 688 0.496 361 0.012 397 0.302 048
Ni3 0.358 153 0.858 153 0.104 229 0.353 313 0.860 690 0.113 827
Ni4 0 0.500 000 0.312 688 0.012 412 0.496 360 0.302 052
Ni5 0.037 229 0.037 229 0 0.040 696 0.040 685 0.022 121
Ni6 0.679 076 0.679 076 0.208 458 0.683 233 0.683 231 0.208 122
Ni7 0.691 486 0.024 819 0.104 229 0.702 079 0.023 824 0.118 626
Ni8 0.333 333 0.666 667 0.312 688 0.343 655 0.642 796 0.297 863
Ni9 0.024 819 0.691 486 0.104 229 0.023 845 0.702 063 0.118 628
Nil0 0.666 667 0.333 333 0.312 688 0.642 801 0.343 647 0.297 870
Lal 0.358 153 0.358 153 0.104 229 0.345 420 0.345 591 0.083 522
La2 0 0 0.312 688 0.002 537 0.002 480 0.314 541
nm Ni6 LaNis(111)
0.000 3 nm La
0.021 1 nm Nil Ni3 (TDOS) (PDOS) 3
0.009 8 nm Ni7  Ni9 0.014 7 nm Er
H 3
H
La Ni
2.3% H

O] L aNis(111)
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Table 3 Charges population on atomic orbits in LaNis(111) and LaNis(111)—2H surface layer
Surface Atom s-electron p-electron d-electron Total charge Net charge
La2 2.01 5.73 1.96 9.70 1.30
LaNig(111) Lal 2.16 1.97 9.94 1.06
Ni2(4) 0.65 0.67 8.84 10.16 —0.16
Nig(10) 0.65 0.75 8.84 10.24 —0.24
La2 1.86 5.64 1.94 9.44 1.56
Lal 222 1.97 10.00 1.00
LaNis(111)—2H Ni2(4) 0.58 0.71 8.86 10.15 —0.15
Nig(10) 0.62 0.71 8.86 10.19 —-0.19
H1(2) 1.25 1.25 —0.25
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4 LaNis(111) LaNis(111)—2H
Fig.4 Crystal models of LaNis(111) and LaNis(111)—2H: (a) Top view of LaNis(111); (b) Top view of LaNis(111)—2H; (c) Side
view of LaNis(111)—2H

4 LaNi(111) 14
Table 4 Energy, bond length and bond angle of optimized structures of 14 kinds of different initial positions of LaNis(111) surface
Model Site Bond lengihv/A . Bond angle. of . Total energy/eV AE/eV
No. HI1-Ni2 HI1-Nil0 Ni2—HI1—Nil10/(%)
1 T-T 1.6325 1.623 2 98.35 —15324.769 8 -2.2179
2 SB1-SB1 1.630 7 1.622 5 98.45 —15324.769 2 —2.2173
3 HI1-H1 1.629 0 1.623 3 98.49 —15324.7715 -2.2196
4 T-SB1 1.629 2 1.623 7 98.47 —15324.771 4 -2.2195
5 T-H1 1.627 8 1.618 3 98.74 —15324.770 1 -2.2182
6 SB1-H1 1.628 2 1.621 1 98.61 —15324.767 1 -2.2152
7 SB2-SB2 1.664 7 1.644 4 96.23 —15323.666 0 -1.114 1
8 H2-H2 1.6719 1.634 8 96.32 —15323.659 1 -1.113 2
9 T-H2 1.635 4 1.624 5 98.18 —15324.162 4 -1.610 5
10 SB2-H2 1.6759 1.640 6 95.94 —15323.666 4 —-1.1145
11 H1-H2 1.628 1 1.635 4 98.03 —15324.158 5 —1.606 6
12 T-LB 1.630 5 1.6255 98.34 —15324.003 0 -1.4511
13 HI-LB 1.630 3 1.6322 98.07 —15324.156 7 —1.604 8
14 H2-LB 1.6152 1.632 6 98.67 —15324.147 4 -1.5955
LaNis(111) 14 A 16713 A Ni—H—Ni 102.82°
H Lal H LaNis(111)
H1 (Model 3) LaNisH; H
Ni6 H2
(Model 8) 4(b) 4(c)
H T SB1  (Model 4) 5 LaNis(111)—2H (Model3)
Lal H1 (TDOS) (PDOS) 5
H SB2 (Model Er —34.1~ -32.6 eV —-17.9~
7) Ni6 H2 -16.2 eV La(5s) La(5p)
—6.9~-35¢eV
4(b) 4 Ni(3d) H
H1 Ni2 Nil0 LaNisH; Er Ni(3d)

H Ni 1.629 2 Ni(3d)
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Table 5 Geometry parameters and energy of each image for
reaction
Model Pathway H—H distance/A  Energy/eV
coordinate/A EY
Reactant 0 0.752 —15322.7394
Maximum 4.5 1.899 —15319.167 8
Product 10.0 3.540 —15324.771 5
TS 6.7 0.788 —15322.4700
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Fig.7 Variation of total potential energies along reaction

pathway during transition state search
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