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First principles calculation on Mg,Ni alloy and its hydride electronic
structure and bond characteristics
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Abstract: The electronic structures of hydrogen storage alloy, Mg,Ni, and its hydride were investigated by the first
principles method. It is found that the interactions among atoms are mainly around the Ni atom plane. Along the ¢ axis
weak interactions occur among Mg-Nil and Mg-Ni2. The interactions along a and b axis are stronger than that along ¢
axis in Mg,Ni alloy. Strong s-p-d hybridization exists between Ni and H in Ni-H bonding area in Mg,NiH, compound.

During the LT—HT phase transformation, the strength of ionic interaction between Mg and NiH, is weakened, which is a

reason why the stability of alloy hydride decreases.
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Fig.1 Models employed in calculation: (a) Mg,Ni; (b) LT- Mg,NiHy; (¢) HT- Mg,NiH,
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Table 1  Average charge population between two atoms in Mg,Ni, LT and HT- Mg,NiH,

Average charge

Compound Bond Charge population Bond length/nm population per unit bond
length/(charge'nm™")
Nil-Ni2 0.78 2.603 0.299 7
Mg,Ni Mgl1-Nil 0.2 2.679 0.074 6
Mg2-Nil 0.01 2.681 0.037 3
H-Ni 1.017 5 1.5383 0.6614
LT- Mg,NiH,
H-Mg 0.154 22664 0.067 9
H-Ni 0.98 1.549 0.632 6
HT- Mg2N1H4
H-Mg 0.15 23165 0.064 7
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Table 2  Atomic orbital charge populations of Mg,Ni, LT and HT- Mg,NiH,

Atomic orbital charge population

Compound Atom Net cha'rge
Is 3s 3p 4s 3d 4p population
Mgl 0.74 0.89 -0.47
) Mg2 0.73 0.88 -0.49
Mg,Ni
Nil 0.79 8.97 1.02 0.78
Ni2 0.75 8.95 1.02 0.72
Mgl 0.46 0.14 —1.40
Mg2 0.54 0.15 -1.31
Mg3 0.46 0.17 -1.37
) Ni 0.62 8.95 1.74 1.31
LT-Mg2N1H4
H1 1.38 0.38
H2 1.34 0.34
H3 1.37 0.37
H4 1.34 0.34
Mg 0.52 0.23 -1.25
HT-Mg,NiH, Ni 0.62 8.94 1.59 1.15
H 1.34 0.34
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ERVES BB e, %

2N < KLU LT SR B B R A R 2 — S Bl 5 123

M
% 3 LT M HT- MgNiH, %1 Ni #1 H & {5 Pas e ot X
3R A 1R L R LA
Table 3 Relative ratio of electrons for Ni and H atomic orbit

in bonding areas in LT and HT- Mg,NiH,

System Atomic orbit Bonding ratio/%
Ni(4s) 94.1
Ni(3d) 17.0
Ni(4p) 39.4
LT- Mg,NiH, H1(1s) 92.4
H2(1s) 93.1
H3(1s) 93.3
H4(1s) 93.4
Ni(4s) 83.3
Ni(3d) 154
HT- MgNiH, Ni(4p) 53.0
H(ls) 93.5
AH = E(Mg,NiH,,) - [E(Mg, Ni) + 2E(H,)] )

Lb E AkEWIEReR, ITHARSITER 4, %
T LT-Mg,NiH, [ AE S AH 5525 45 5-1.36 eVIR
HTF. B LT-HT %748, AH ¥R, M van’t Hoff J7
FERT S0, SPTEER p BRZ 8K, RINE SN
et PR, 456 L Bitie, nTRLACKH MgoNi & 44
WHIHE LT-HT WAE+, Mg 5 NiH, [ 740 EAF
PRS2 38 B G SRR 8 PR R e —AN U A

Table 4 Total energies and enthalpies of formation for

Mg,NiH, hydrides

EMgNiH,)/ EMgNi)/ EM,)/ AH/

System
eV eV eV eV
HT-Mg,NiH; -3 376.93 -0.93
) -3312.85 -31.57
LT-Mg,NiH, —-3377.33 -1.33
+ A
3 Z5ig

7E MgoNi H', Nil-Ni2 [AAH B AR, W as b
Bl R PR A ELAE T R T 0y ¢ RO AR A
LT. HT- MgNiH, &, Ni JR FHuE S H )R 748
T B X AP AR5 T s-p-d 2240 AE s MgoNi & &5k
YIfE LT—HT (459, Mg 55 NiH, (62 740 AR

IR I A B AR E R AN R
REFERENCES

[1]  Reilly J J, Wiswall R H. The reaction of hydrogen with alloys of
magnesium and nickel and the formation of Mg,NiH4[J]. Inorg
Chem, 1968, 7: 2254-2256.

[2] Orimo S, Fujii F, Ikeda K. Notable hydriding properties of a
nanostructured composite material of the Mg,Ni-H system
synthesized by reactive mechanical grinding[J]. Acta Materialia,
1997, 45: 331-341.

[3] Saita I, Li Li-quan, Saito K, Akiyama T. Hydriding combustion
synthesis of Mg,NiHy[J]. J Alloys Compd, 2003, 356/357:
490—493.

[4] Garcia G N, Abriata J P, SofoJ O. Calculation of the electronic
and structural properties of cubic Mg,NiH,[J]. Phys Rev B, 1999,
59: 11746—11754.

[5] Myers W R, Wang L W, Richardson T J, Rubin M D.
Calculation of thermodynamic, electronic, and optical properties
of monoclinic Mg,NiH4[J]. J Appl Phys, 2002, 91: 4879—4885.

[6] Payne M C, Teter M P, Allan D C, Arias T A, Joannopoulos J D.
Iterative minimization techniques for ab initio total-energy
calculations: molecular dynamics and conjugate gradients[J].
Rev Mod Phys, 1992, 64: 1045-1097.

[7] Perdew J P, Burke K, Ernzerhof M. Generalized gradient
approximation made simple[J]. Phys Rev Lett, 1996, 77:
3865-3868.

[8]  Zolliker P, Yvon K, Jorgensen J D, Rotella F J. Structural studies
of the hydrogen storage material Mg,NiH,. 2. Monoclinic
low-temperature structure[J]. Inorg Chem, 1986, 25: 3590—-3593.

[91 Noréus D, Olsson L G. The structure and dynamics of hydrogen
in Mg,NiH, studied by elastic and inelastic neutron scattering[J].
J Chem Phys, 1983, 78: 2419-2427.

[10] Blomgqvist H, Ronnebro E, Noréus D, Kuji T. Competing
stabilisation mechanisms in Mg,NiH4[J]. J Alloys Comp, 2002,
330/332: 268.

[11] Ronnebro E, Jensen J O, Noréus D, Bjerrum N J. Structural
studies of disordered Mg,NiH, formed by mechanical
grinding[J]. J Alloys Compd, 1999, 293/295: 146—149.

[12] Yamamoto S, Fukai Y, Ronnebro E, Chen J, Sakai T. Structural
changes of Mg,NiH, under high hydrogen pressures[J]. J Alloys
Compd, 2003, 356: 697-700.

[13] Noréus D, Kihlborg L. Twinning at the uint cell level in the low
temperature phase of Mg,NiH, studied by electron
microscopy[J]. J Less-Comm Met, 1986, 123: 233-239.

[14] Haussermann U, Blomqvist H, Noreus D. Bonding and stability
of the hydrogen storage material Mg,NiHy[J]. Inorg Chem, 2002,
41:3684-3692.

(4RiE EIRH)



