New schedule !l

Hydrogen storage and

Date Subject Lecturer CO m p | eX hyd rid eS
February 12, 2008 Tuesday | Introduction: Energy, Environment & Sustainability | Griessen
February 15, 2008 Friday | Review of H, H2, Van der Waals gasses | Griessen
February 19, 2008 Tuesday | Thermodynamics (self-study and werkcollege) Griessen
February 22, 2008 Friday | Thermodynamics | Griessen
February 26, 2008 Tuesday | Critical behaviour and H-H interaction Griessen
February 29, 2008 Friday | Elasticity | Griessen
March 4, 2008 Tuesday | Band structure of transition metals/ effect of H on Griessen
electronic states
March 7, 2008 Friday | Band structure of complex hydrides | Griessen
March 11, 2008 Tuesday | Transport properties Griessen
March 14, 2008 Friday | Practicum: Fuel cell, Electrolyser, Photovoltaic cell Heeck
March 18, 2008 Tuesday | Hydrogen storage in various systems (metals, | Zuettel
borohydrides, MOF's, graphite,....)

Ronald Griessen
Vrije Universiteit, Amsterdam _ﬁ)
March 7, 2008

Van t'Hoff plots of some metal-hydrides

100 ¢ 3
® :
Q I ]
o
S5 10 .
(7)) C ]
n - ]
o Mg,FeH ]
o L ]
c
S 1t .
Mg,NiH S E |
' : S : LaNigHg]
9N | aNigH, o 2 [
H2 (IIqUId) 5 01 1 1 1 L L 1 L
1.0 1.5 2.0 2.5 3.0 3.5 4.0

H, (200 bar) .
1000/T[K™]




Mg,NiH, Mg,CoH; Mg,FeH;

How

Abkall Metals Actinide series
1

1H ? Akaline earth Metals [ Other Metals i "
i m

. Transition metals . Hanmetals

Lanthanide series Noble gases

e
et

. WO I & 4 .00 0 T a4 T a
Mg, NiH 2 -
2 4 = ]
o~
% 349 °C i
Eio— o i
o ot =
vy £ 322°C a".:
- - =1
a 298°C |
w — o
@« e
e L
=
o £ -
-
<«
(=]
o
g 1.0 =
o - 3
Py 1 AN I N N N Y |
0 0.2 0.4 06 0.8 10 12 1.4

COMPOSITION, H/ (Mg + Ni}

Complex hydrides: Mg,NiH,

Heat of solution of metal-hydrides
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Structures of transition metal complexes
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A TM atom surrounded by 4 H in a square
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Determinant for the 4 H only
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Determinant for a TM surrounded by a square of 4 H
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Level scheme of Mg,NiH,

0.96p, - 0.29m, , 0.96p, - 0.29x,

y 0.575-0.56(322-12)-0.616

0.71(x>y?-0.718, p,

Xy, Xz, yz

0.655+0.75(32%-19)-0.080

0.20p,, + 0.96m, , 0.20p, + 0.06w,

0.71(x2y2)+0.715 S

0.55-0.35(322-12)+0.79

0.96py - 0297, . 0.96p, - 0,297, w7
0.575-0.56(3z*1*)-0.61c

0.71{x2y)-0.718, _p, = 5
.I - "-.____
. '-_\.\ Ff,
& e ¥
&
Xy. XZ yZ =
0.655+0.75(32*1°)-0 08c i
-

029 + 0.96m, . 0.29p, + 0.96m,

071>y H0.718

0.55-035(322 1" H0 790

W L A T A X i w K

Energy (V)

Effect

3 z * T & T X T X 3




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

B. Bogdanovic and M.
Swickardi, J. Alloys
and Compounds 253-
254 (1997), p. 1-9

Hydrogen desorption of NaAlH,

1 2
N&A1H4 ‘ gNa;gAlHﬁ + gAl + H2

3
Na3A1H5 ﬁ3NaH + Al + §H2




Bandstructure of NaAlH, Bandstructure of Na; AlH;
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Xuezhi Ke and Isao Tanaka, PRB 71 (2005) 024117
Hydrogen content of complex metal-hydrides Mg(AlIH,),
M H/M
[gmol™]  [wt%] NS 9 N = ®)
8 L = \ ] iy et Y O
Lithiumboro-hydride LiBH4 21.784 18.4 oF ‘——y I O o) O
Sodiumboro-hydride NaBH, 3783 106 3 : d X9
. : @ £)-
Potassiumboro-hydride KBH 53.94 7.4 §o —— — o
'u ver ‘ = o 00 °g
Lithiumaluminum-hydride LiAIH4 37.95 9.5 G 1 —:;(__ —¢ .
Sodiumaluminum-hydride NaAlH.4 54.0 7.4 K M\““'."”’:: —
Sodiumaluminum-hydride NazAlHs 102.0 59
Sodiumlithiumaluminum-hydride ~ NasLiAlHg 85.9 7.0
Magnesiumnickel-hydride Mg2NiH4 111.3 3.6
Magnesiumiron-hydride MgzFeHs 110.5 5.4

Magnesiummanganese-hydride MgsMnHy 134.9 5.2




Determinant for the 4 H only Better eigenvectors for the 4 H only
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Alkali metal and 4H on a tetrahedral Alkali metal and 4H on a tetrahedral




Aluminium and 4H on a tetrahedral Aluminium and 4H on a tetrahedral
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Eigenvalues and eigenvetors for u=v=w=1 Energy level scheme

eVand E=E =0 and E,=-5¢eV
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Crystal structure of Mg(AlH,),

Covalent radii

Mg 1.36 A
Al 1.18 A
H 0.37 A

Atomic radii lonic radii

Mg 1.50 A Mg 0.86 A
Al 1.25 A Al 0.50 A
H 0.50 A H 1.10 A

P3ml with a=b=5.2084 A, ¢=5.8392 A




