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Effects of transitional metal on electronic structure and
thermodynamic stability of Mg,Ni hydride:
A first-principle investigation
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Abstract: The electronic structures and thermodynamic stabilities of Mg,Ni;—.M, (M=Mn, Fe, Co, Ni, Cu, x=0.25) alloys
and their hydrides Mg,Ni;_.M,H, were investigated by plane-wave pseudo-potential approach based on the density
functional theory. It is found that the calculated cell parameters of Mg,NiH, and Mg,Ni,_, M, alloy are in good agreement
with the experimental results. For Mg,Ni;_M,H,, the interaction between Mg—H bonds is ionic bond, while the
interactions between Ni—H and M—H are covalent bonds, which are stronger than that of Mg—H bonds. The Ni—H
bond strength is almost unchanged when Ni is partially replaced by Mn, Fe and Co, and the Ni—H bond strength is
weakened when Ni is partially substituted by Cu, which may be one of the reasons for causing the reduced structure
stability of Mg;Nij75Cug,sHy. The calculated formation enthalpies of Mg,Nij75sMg2sHs (M=Mn, Fe, Co, Ni, Cu) are
=57.7, —61.5, —61.4, 63.4 and 41.6 kJ/mol, respectively, which are in good agreement with the experimental results.
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Mg, Ni [ il IR0 A7 7 298 KT (1) MgoNiH, /i i
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Fig. 1 Cell models of Mg,Ni (a), Mg,NiH, (b) and primitive cell model of Mg;Nij75sM25Ha(c)
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% 1 B4 MgyNi; M, (M=Mn, Fe, Co, Ni, Cu, x=
025G S E. WERHPEH, MgNi itz
T SRR S e AR e, b, ey b BIAH
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Table 1 Cell parameters of Mg,Ni;— M,(M= Mn, Fe, Co, Ni,
Cu, x=0.25)

Alloy ah  bA A Volfnilé e
MgNi"(exp) 5205 5205 13236  310.548
Mg;Ni(cal.) 5224 5224 13256  313.405
MgNi; Mny(cal) 5.118 5257 13.401  315.287
MgNi, [Fe(cal) 5.156 5236 13307  312.647
MgNi, Co(cal.) 5216 5225 13262 312757
MgNi, Cuy(cal.) 5.174 5243 13399  316.070
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Fig. 2 Calculated and experimental unit cell volumes of
Mg,Ni|- M (M=Mn, Fe, Co, Ni, Cu, x=0.25)
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Table 2 Cell parameters of Mg,Ni;— .M H, (M=Mn, Fe, Co, Ni, Cu, x=0.25)
Hydride alA bIA /A /(%) BI°) 7(°) Cell volume/A®
Mg, NiH,"(exp.) 7.854 7.854 6.483 111.37 111.37 48.12 272.996
Mg, NiH,(cal.) 7.891 7.891 6.535 111.13 111.13 48.05 278.103
Mg Ni;_,Mn,H,(cal.) 7.910 8.107 6.419 113.63 108.43 46.56 273.307
MgNi;_Fe,Hy(cal.) 7.867 7.931 6.429 113.55 112.90 48.48 270.793
MgNi;_,Co,Hy(cal.) 7.834 7.962 6.523 112.09 110.61 47.89 276.695
MgNi;_,Cu,Hy(cal.) 7.937 7.902 6.677 110.11 109.97 47.35 285.650
T D doping |,  Cu 3d B R T ITR. 2)HAUR 10 A TR
95t % — 88 gggigg 4\;“ B AT A2 LR T PR 2, 1] Cu (AT Mg
~ 4 — Fe doping ' Ni Ml H J&¥Z 5 i 2. 3)6T-10.5~
% 20p 57 Nodoping | 7.9 eV fiE ki 1AV I 12 Mg 3s. Ni
: 4s. Cu s 15 H 1s Lt 1L 7500k 7 F-7.9~-5.2 eV
g ; il LY B A £ 0 A5 3 S04 25 Mg 2p. Ni 3p3d.
§“ 10f ! Cu 3p3d % H 1s YUl fHL T 5tiks fr F-4.2~—1.8 eV
A il e U ] PAY 1) A 3 0 ) B 1y Mg 3s2p+ N 3p3d.
S Cu 3p & H 1s BUB I THk. 40 HEKAEHE DL
03 o - J 1o > T, Cu J A H R 7 A5 JE H S X EE Ni R~

Energy/eV
3 MgNi; MHy M=Mn, Fe, Co, Ni, Cu, x=0.25)ff] 52
e
Fig. 3 Total density of states (DOS;) of Mg,Ni;_.M,Hy; (M=
Mn, Fe, Co, Ni, Cu, x=0.25)
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Fig. 5 Contour maps of electron density of
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J5 1 R EAR T ) Ni—H (520N, T Cu B4R
RS T Ni—H AN A

8

6r * . \*
g 4r e— M—H
g *— Ni—H
= 4+— Mgl—M
= 2f o — Mg2—Ni(b)
5 o — Mgl—H2
s}

ol %{%

_2 ' L L L - L
Mn Fe Co Ni Cu
Alloying element M

6 Mg,Ni, M H,(M=Mn, Fe, Co, Ni, Cu, x=0.25)8#}75
EWIESHE LTS

Fig. 6 Relationship between bond order and substituting
element for Mg,Ni,_ .M, Hy (M=Mn, Fe, Co, Ni, Cu, x=0.25)
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Table 3 Calculated energies of metals, intermetallics and

hydrides

Compound
MgpNisMn —19 114.553 6 | MggNi;MnH,s —12 767.213 0
MgpNisFe —19327.593 6 | MggNi;FeH;s —12 980.084 1
MgpNisCo —19 505.196 6 | MggNi;CoH;, —13 157.711 9

Energy/eV Compound Energy/eV

Mg;pNig  —19817.2859 | MggNigH;s —13 469.756 7

MgpNisCu  —19 809.515 3 | MggNi;CuH;, —13 460.236 3
H, -31.6220 Ni —1354.3218
Mn —653.553 7 Fe —865.143 8

Co —1042.833 5 Cu —1346.729 9

%4 MgNi_MH,M=Mn, Fe, Co, Ni, Cu, x=0.25)"E J{}%
TS AR AN S (8
Table 4 Calculated and experimental formation enthalpies of
Mg,Ni- .M Hy (M=Mn, Fe, Co, Ni, Cu, x=0.25)

Ah/(kJ-mol )

Hydride
Calculated Experimental
Mg,Nig7sMng»sH, -57.7 —58P1
Mg;Nig7sFeqsHy —61.5 —608, —63.21
Mg,Nig75C0g.2sHs —-61.4 —-61P1, —64.514
Mg,NiH, —63.4 —6181, —64.0
Mg,Nig 75CugosHs -41.6 —53.122

25 SRR ERE

J T #%% Mn, Fe. Co Ml Cu &4 Mg,NiH, [
Ni JRF 80 fE AR R MERE, THA T MgyNig7sMgasH,
mm L Ni(b) R 1 [l B H S5 AR 1 M N S B 1 (R
LR 1(0)F HS 1 HT )i ffes, R
ik Xn F =,

AE = E(MggNi;MH,,) - E(MggNisMH )+ E(H,) (7)

Hrr: AE 78 Mg,Nig7sMoosHy din il Ni(b) Ji 1
Jil T fide 15 L A SR AT 9 A S BT R R RE
E(MgsNisMH;¢) 1 E(MggNisMHy,) Wl 43 1) & 7R
Mg;Nig 75sMo 2sHas fift B AN AR 1T R I R e E(Hy)
TR TR, HAEA-31.622 0 eV, THEE45R
W 5 Al tHELE R W]: MgoNig 75CugosHy IR 25
et /N, XU Cu 48 Mg,NiH, #43 Ni Jii - rr LA
P MgNiH, S EfE. SELVAM 22215,
Cu FIS AT A3 5 MgoNiH, FRTBCERE -

%5 MgNij7sMo,sHy(M=Mn, Fe, Co, Ni, Cu) 2 fik 5%
{ORZRC RN

Table 5 Calculated dissociated energies of MgyNij75sMgosHy
(M=Mn, Fe, Co, Ni, Cu)

M E(MgNisMH,)/eV  E(MgNisMH¢)/eV ~ AE/eV

Mn —-12 7333336 -12767.2130 22574

Fe —12 946.049 1 —12 980.084 1 24130

Co -13 1239575 -13 157.711 9 21324

Ni —13436.083 3 —13 469.756 7 2.0514

Cu —-13427.7513 —13 460.236 3 0.863 0
3 ZHig

1) K 36T % B 32 o8 H1LE (DFT) (1 T 94 6 3
(PW-PP) /7 7£:%}) Mg,Ni;_ M, (M=Mn, Fe, Co, Ni, Cu, x=
0.25) %5 4 MHR NI H AL ) MgoNi M Hy(M=Mn, Fe,
Co, Ni, Cu, x=0.25)[ &5 i T, THEL S5 RN 5L
EHEARTS .

2) {EAAMY) MgoNig7sMoosHs 1, Ni—H Rl M—
H SR e, Mg—H BRI S 4, H Ni
—H 1 M—H B A AR KT Mg—H B AH FAE
H, X Mg,Nig 75Mg2sHa W M B T I T
Ni—H Fl M—H 8158 B AEH . Mn. Fe fl Co 3
AN Ni—H B AH LA SN, 17 Cu
RIS T Ni—H B EAEH, XA 8t Cu B4R
Ja B E R AT Pk BRI — AN B A

3) ARV S5 R B : MgoNip 7sMasHy (M=
Mn, Fe, Co, Ni, Cu )FZERSA 73 MAN-57.7. —61.5,
—61.4. 63.4 11 41.6 kJ/mol, 5SZIG{EFT 14T
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