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Van t’Hoff plots of some metal-hydrides
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Complex hydrides: Mg2NiH4
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Heat of solution of metal-hydrides



Structures of transition metal complexes
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Influence of the H-positions in Mg2NiH4 A TM atom surrounded by 4 H in a square
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Determinant for the 4 H only

Eigenvalues Eigenvectors

E=EH-2V+2w (1/2) (1, -1, 1, -1)

E= EH -2V (1/√2) (-1, 0, 1, 0)
(1/√2) (0, -1, 0, 1)

E= EH -2V –2w (1/2) (1, 1, 1, 1)
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Determinant for a TM surrounded by a square of 4 H Level scheme of Mg2NiH4

πx , πy

δ

σ

EH

0.96px - 0.29πx ,   0.96py - 0.29πy

0.5s-0.35(3z2-r2)+0.79σ

0.71(x2-y2)+0.71δ

0.29px + 0.96πx ,  0.29py + 0.96πy

0.65s+0.75(3z2-r2)-0.08σ

xy, xz, yz

0.71(x2-y2)-0.71δ,    pz

0.57s-0.56(3z2-r2)-0.61σ

Es

Ed

Ep

Es= -3 , Ep=2, Ed=-2, EH=-4 and t=2, u=5, v=4 and w=1 Effect of NiH4 geometry



Exercise: Cluster of a TM and 4H in a 
tetrahedral arrangement

NaAlH4

NaAlH4

B. Bogdanovic and M. 
Swickardi, J. Alloys 

and Compounds 253-
254 (1997), p. 1-9

Hydrogen desorption of NaAlH4



Bandstructure of NaAlH4

Al-H
=1.63 Å

Xuezhi Ke and Isao Tanaka, PRB 71 (2005) 024117

Bandstructure of Na3 AlH6

Al-H
=1.78 Å

 
  M 

[g mol-1] 

H / M 

[wt%] 

Lithiumboro-hydride LiBH4 21.784 18.4 

Sodiumboro-hydride NaBH4 37.83 10.6 

Potassiumboro-hydride KBH4 53.94 7.4 

Lithiumaluminum-hydride LiAlH4 37.95 9.5 

Sodiumaluminum-hydride NaAlH4 54.0 7.4 

Sodiumaluminum-hydride Na3AlH6 102.0 5.9 

Sodiumlithiumaluminum-hydride Na2LiAlH6 85.9 7.0 

Magnesiumnickel-hydride Mg2NiH4 111.3 3.6 

Magnesiumiron-hydride Mg2FeH6 110.5 5.4 

Magnesiummanganese-hydride Mg3MnH7 134.9 5.2 

Hydrogen content of complex metal-hydrides Mg(AlH4)2

Mg

Al



Determinant for the 4 H only
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Eigenvalues Eigenvectors

E= EH -3V+w
(1/√2) (-1, 1, 0, 0)
(1/√2) (-1, 0, 1, 0)
(1/√2) (-1, 0, 0, 1)

E= EH -3V –3w (1/2) (1, 1, 1, 1)

Better eigenvectors for the 4 H only

Eigenvalues Eigenvectors
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E= EH -3V –3w (1/2) (1, 1, 1, 1)
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Alkali metal and 4H on a tetrahedral
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Aluminium and 4H on a tetrahedral
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Aluminium and 4H on a tetrahedral
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Eigenvalues and eigenvetors for u=v=w=1 
eV and Es= Ep=0 and EH= -5 eV

Energy level scheme

Aluminium
Es ,  Ep

Hydrogen 
EH



Crystal structure of Mg(AlH4)2

Covalent radii
Mg 1.36 Ǻ
Al 1.18 Ǻ
H 0.37 Ǻ

Ionic radii
Mg 0.86 Ǻ
Al 0.50 Ǻ
H 1.10 Ǻ

with a=b=5.2084 Ǻ,  c=5.8392 Ǻ3 1P m

Atomic radii
Mg 1.50 Ǻ
Al 1.25 Ǻ
H 0.50 Ǻ


