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First-principles calculation on structural stability of high and
low temperature Mg,NiH, phases
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Abstract: A first-principles calculation method based on density functional theory was used to investigate the crystal and
electronic structures as well as stability properties of high and low temperature Mg,NiH, hydrides. The calculation results
of the formation heat and dissociation energy of H atoms show that high temperature Mg,NiH, has a low structural
stability and an enhanced dehydrogenation property, compared with low temperature phase. Further analysis of the
electronic structures shows that the difference in the stability between high and low temperature Mg,NiH,; mainly
originates from the differences in the valence electrons at Fermi level (Er) and the HOMO-LUMO gap (AE}.) around Ef,
whereas the enhanced dehydrogenation property of high temperature Mg,NiH, relative to low temperature phase is
attributable to the weakened interactions of Ni—H and Mg—NiH,. Besides, there exist complex ionic-covalent
interactions between Ni and H within NiH, units in both of the hydrides.
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Fig.1 Models used in calculations: (a) Crystal cell of high temperature (HT)-Mg,NiH, phase; (b) Crystal cell of low temperature

(LT)-Mg,Ni, phase; (c) Primitive cell of low temperature (LT)-Mg,NiH, phase
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pDNp [ 1 hcp-Mg fee-Ni H, Mg,NiH,
Monkhorst-Pack K
(1] Table 1 Results for hcp-Mg, fcc-Ni, H, molecule,
=1.0x HT-Mg,NiH, and LT-Mg,NiH, including equilibrium lattice
10° Ha =0.002 Ha =0.005 A constants a, b and ¢, cohesive energy E.,
Material Parameter This work Experimented Reference
2 alA 3.1751 3.21
hep-Mg A 51504 5.21 [12]
21 E./eV 14942 1.51
hcp-Mg  fee-Ni alA 3.5543 3.52
H fce-Ni [12]
2 E./eV 62484 4.44
1 hcp-Mg a c
dH-H) 0.7490 0.741
c/a 3175 1 A 5150 4 A 1624 0 H, [13]
E./eV 45502 4.74
024=321A ¢=521A c/a=1.623 ve
cla 0.06% hcp-Mg alA 6.844 3 6.507
1.494 2 eV (1.51 eV)tH& 1.05% /A 61989 6.507
foe-Ni a 35543 A A 61989 6.507
2g=3.52 A 0.97% H, £ ey 194290
coh/€ . -
0.749 0 A U3lg= 0.741 A "
1.08% H2 4550 (l/A 14.389 5 14.343 0
2 eV 4.00% b/A 6.4155 6.403 8
c/A 6.527 1 6.483 0
Mg2N1H4
E.w/eV  19.8354 -
(P1) 1 2 "
2 MgNiH, Mg Ni H
Table 2 Relative atomic positional parameters in direct coordinates for HT-Mg,NiH, and LT-Mg,NiH, phases
Atom This work Experimented
Phase Reference
x y z X y z
Mg(8¢) 0.2500 0.2500 0.2500 0.25 0.25 0.25
HT-Mg,NiH, Ni(4a) 0 0 0 0 0 0 [2]
H(24e) 0.2490 0 0 0.229 0 0
Mgl(8f) 0.264 4 0.486 5 0.084 4 0.2652 0.4827 0.0754
Mg2(4e) 0 0.0223 0.2500 0 0.0144 0.25
Mg3(4e) 0 0.5259 0.2500 0 0.5130 0.25
Ni(8f) 0.1196 0.229 5 0.079 4 0.1194 0.230 8 0.083 2
H1(8/) 0.207 0 0.3052 0.3039 0.2113 0.299 5 0.303 7
H2(8/) 0.1393 0.3193 0.876 9 0.136 0 0.3163 0.8811
H3(8/) 0.009 3 0.2894 0.052 5 0.010 5 0.286 8 0.053 7
H4(8/) 0.1249 0.986 5 0.073 2 0.130 6 0.9950 0.0815
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29 Eo(HT ~MggNisHys) Eo(HT ~MggNiH,,)
Eio(LT-MggNigH)  Eio( LT-MggNigHy4)
=7 642569 6 -7 641.368 2 —7 642.629 2
(141 —7 641.387 6 Ha 3 @ AEy=0.037 1
Mg,NiH, Ha AE =0.077 5 Ha Mg,NiH,
[15] H
AHy =1/2[E o (HT = Mg, NiH,) = 2E (Mg, ) — Mg,NiH,
E\o (Nig) = 2E, (H;)] @)
AH =1/2[E (LT - Mg,NiH,) = 2E (Mg}, ) —
Etot (Nifcc) - 2Etot (Hz )] (2) 24
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E\(Hy) H, Ex
Eo(HT-MgoNiH,) Eio LT-MgNiHy) Eio(Mghep) —0.4 Ha ( 4(a)) 0~-0.1 Ha
Ew(Nige)  Eo(Hs) -1 910.642 4 Mg(s) Mg(p) H(s)
—1910.6573 —200.0089 —1508.2494 —1.1642 Ha —0.1~ —0.15 Ha
(1 Har27.211 4 eV) 1 @ AHy= Mg(s) Mg(p) Ni(d) H(s) —0.15~-0.3 Ha
—61.433 3 kJ/mol AH;=-80.985 3 kJ/mol Ni(d) H(s)
Mg,NiH,4 (AHy) —0.3~-0.4 Ha Mg(s) H(s)
6l—64 KkJ/mol) Ni(s) Mg,NiH,
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Mg,NiH, 1) (DOS)
0.05~0.01 Ha -0.1~-0.12 Ha
2) H(s)
2.3 (PDOS) —0.15~ —0.2 Ha
Mg Ni
. H(s) 3) (E¥)
Mg,NiH,4 Ni N(EF) 143.240 5 electrons/Ha
H 122.743 1 electrons/Ha
Mg,NiH, Ex
Mg,NiH, ( 1(a) (c)) Ni MN(EF) HOMO
H LUMO ( HOMO-LUMO  AEy,)
3 @ " NEp) 1
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Fig.2 Total and partial density of states of HT-Mg,NiH,(a) and LT-Mg,NiH,(b)
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Fig.3 Total and difference charge density plots of HT-Mg,NiH, (a) and (b), and LT-Mg,NiH, (c) and (d): (a), (c) Total charge
density; (b), (d) Charge density difference
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