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Fig.1 Cell models of Mg2Ni (a), MgzNiH4 (b) and primitive
models of MgzNbNisHs (C)
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Table 1 Equilibrium lattice constants, cell volume, total energies and formation heat of crystal models

Lattice parameter/><10~ nm

Alloy model b Cell volume/>107% nm? Total energy/eV Enthalpy of formation/eV
Mg;Ni(exp.)™ 5.205 5.205 13.236 310.548 - -

Mg.Ni(cal.) 5.216 5.216 13.308 312.989 -19817.2977 -3.3373
Mg1:NbenNis 5.167 5.128 13.412 307.708 —20394.0176 —2.3959
Mg11Nbi)Nis 5.195 5.266 13.142 310.354 —20394.2479 —2.6262
Mg12Nbzp)Nis 5.051 5.374 13.766 329.881 —20011.7916 —-0.6258
Mg1:Nbg)Nis 5.359 5.053 13.811 329.555 —20012.0161 —-0.8503

Mg, NiH,(exp.)® 7.854 7.854 6.483 272.996 - -
Mg,NiHa(cal.) 7.900 7.900 6.520 278.056 —13469.6833
Mgz;NbNisH16 7.606 7.606 6.395 265.498 —14045.7473
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Table 2 Calculated dissociated energies of Mg;MNisHs

(M=Mg, Nb)
M E(Mg:MNisHw)eV — E(Mg:MNi;H)/eV — AE/eV
Mg ~13436.0925 ~13469.6833 1.9688
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Fig.2 Total and partial density of states of Mg,NiH4 (a) and
Mg7NbNi4H16 (b)



%2 M

KBRS : Nb &t MgoNi LS a8 S A T-45 /1 25—V IR BT 5T - 389 -

3 MgNiH, A1 Mg7NbNisH16 57 NiH, B #9405 K
R 76 &
Table 3 Unit bond length charge population of NiH4 in
MgzN|H4 and Mg7NbNi4H15

Ni-H1 Ni-H2 Ni-H3 Ni-H4

MgzNiH, 0.5238 0.6647 0.6048 0.6862

Mg7NbNisH16 0.4972 0.4907 0.4641 0.6998
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Fig.3 Total electron density map (a, b) and difference electron
density map (c, d) of Mg,NiH4 and MgzNbNisH16
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First-Principles Investigation on Energies and Electronic
Structures of Nb Alloying Mg,Ni and Its Hydrides

Zhang Min’gang, Liang Zhibin, Yan Shijian, Gong Changwei, Sun Gang
(Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: The energies and electronic structures of Nb alloying Mg:Ni and the corresponding hydrides were investigated by the
first-principles plane-wave pseudopotential method based on the density functional theory. The results of the formation enthalpy show that
when Nb atom occupies the Mg(6i) lattice sites, the structure of Mg,Ni has the highest structure stability. The further analysis of the
hydrides shows that Nb alloying significantly decreases the stability of the hydrides and the dissociated energies of H atoms, indicating
that Nb alloying benefits the improvement of the dehydrogenating properties of Mg;Ni hydrides. Analysis of the electronic structures
suggests that Ni-H bond is stronger than the Mg-H bond in Mg,NiH, phase. The Ni-H bond is weakened because the interaction between
Nb and H is stronger than the interaction between Mg and H. This may be one of the reasons of decreasing structure stability of the
hydrides.
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