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Abstract: Multivalent Metal amidoboranes (MABs) are considered to be the important candidates 

for hydrogen storage materials. Whereas CaAB crystal structure has been determined

experimentally, the crystal structures of MgAB and AlAB have not been obtained, thus hindering 

the further development of MABs. In this work, we determine the crystal and electronic structures 

of MABs (M=Mg, Ca, Al), obtain their phononic density of states and thermodynamic properties. 

By means of M-N population analysis, we conclude that Al-N and Ca-N bonds have a covalent 

character whereas Mg-N bond - ionic. We furthermore observe that HOMO-LUMO gaps and thus 

stability follows the trend MgAB ≈ AlAB > CaAB. Thermodynamic properties and their 

dependence on temperature seem to be very similar for AlAB and MgAB compounds compared to 

CaAB. CaAB has the lowest enthalpy and thus the lowest internal energy in the series of MABs 

(M=Mg, Ca, Al). We also propose most probable dehydrogenation pathways during which 4n H2

molecules are released (in 4 steps) from MgAB and CaAB and 6n H2 (in 6 steps) from AlAB 

indicating that dehydrogenation from the same AB group twice in a row is less likely to occur. 

Furthermore, we reveal that the energy barriers for the 1st dehydrogenation step follow the trend 

CaAB > MgAB > AlAB. This is agreement with the experiments showing that AlAB will start 

dehydrogenate at the lowest temperature followed by MgAB. Finally, we propose that complete 

dehydrogenation rates at 400 °C follow the trend MgAB( 1.73× 10-14 min-1) ≈ CaAB(1.72× 10-14

min-1) > AlAB(2.18× 10-16 min-1). 

Keywords: hydrogen-storage dehydrogenation Multivalent Metal amidoboranes  

Monte-Carlo simulation  first-principle study
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1. Introduction

Studies of ammonia-borane (AB) compounds have demonstrated that AB is a source of 

chemically stored hydrogen and can meet DOE (Department of Energy, USA) performance 

parameters except that it is an irreversible reaction 1-9. It has also been found that by replacing one 

of the hydrogen atoms in AB with a metal (M), the compound displays further interesting 

characteristics 10-16 such as a change in the decomposition path and a decrease in the decomposition 

temperature. MABs (LiAB, NaAB, CaAB, MgAB, AlAB) start releasing their hydrogen at 

approximately 50 – 90 °C 15,17-20, whereas AB start releasing their hydrogen only at around 150 °C.

Furthermore, dehydrogenation in MABs is less exothermic than in ABs, which is beneficial when 

looking for a reversible reaction 15, 17. Finally, MABs are environmentally friendly, safe and stable 

compounds 21, 22.

Investigation of MABs (M(NH2BH3)n), where M is an univalent metal ion has centred on the 

alkali metals such as Li, Na, and K, owing to their low mass, simple electronic structure, and 

minimal effect on the content of hydrogen in the molecules23-26. Both, experimental and 

computational studies on MABs, where M is a multivalent metal ion (such as Mg19, 27-29, Ca25, 28-30, 

Sr10, Al31, and Y 32) have all also been performed and we summarized the results of these studies in 

Ref. 22.  Many different properties of MABs have been discovered due to the large radius of these

multivalent metal ions. Whereas CaAB crystal structure has been determined 25 experimentally 

using single crystal XRD, the crystal structures of MgAB and AlAB18 have not been determined, 

thus hindering the further development of MABs. For the MgAB the data from powder XRD is 

available19.

The present work has three major objectives. First, we aim to simulate the crystal structures of 

MgAB and AlAB using the Monte Carlo (MC) packing algorithm within the MS Polymorph code33. 

Our second objective is to optimize the crystal structures of CaAB (obtained from single crystal 

XRD), MgAB and AlAB (obtained from our MC simulations) and then calculate the electronic 

structure, phononic density of states and thermodynamic properties for these compounds using the 

first principles methodologies within the MS CASTEP code34. Finally, we aim to determine the 

mechanism of decomposition (pathways and their potential energy surfaces) using ab initio

methodologies within the Gaussian 09 35 program package similarly to our previous studies on 

some univalent metal amidoboranes 36, 37.
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2. Computational methods

The prediction of crystal structure of MgAB and AlAB was done using the Monte Carlo (MC) 

packing algorithm within the MS Polymorph code 33. The input molecular structures for these MC 

packing simulations were built and optimized with the B3LYP/6-311++G(3d,2p) 38-40 methodology 

using Gaussian 09 program package 35.

MC packing algorithm follows a simulated annealing procedure intended to search for the 

lowest minima of the energy function E of molecular crystals. The determination of space groups is 

based on the principle pointed out by Belsky 41. In our MC simulations we used the universal force 

field (UFF) 42 to calculate the energy and a geometry of our systems. The motion parts in our MC 

prediction were chosen to be metal cations and rigid units of [NH2BH3]
– which were allowed to 

rotate and translate. The temperature range of annealing was set from 300 to 3×105 K. Further 

computational details of these MC simulations are listed in the supporting material, S1.

The optimized geometries of MAB (M = Ca, Mg, Al) crystals and their electronic structure 

(partial density of states), phononic density of states and thermodynamic properties (Phonons 

module) were obtained using the combination of Density Functional Theory 43, 44 (DFT) and the 

projector augmented wave methodology (PAW) 45, which is implemented in the CASTEP code 34.

The generalized gradient approximation 46 of Perdew, Burke and Erzerhof 47 (GGA-PBE) for the 

exchange-correlation function was used throughout the CASTEP calculations. The Vanderbilt-type 

ultrasoft pseudopotentials 48 with valence states 2p63s2 for Mg, 3s23p64s2 for Ca, 3s23p1 for Al, 

2s22p1 for B, 2s22p3 for N, and 1s1 for H were used to describe the core electrons. A plane wave 

basis set with an energy cutoff of 450 eV was used. The Brillouin-zone integration of CaAB, MgAB 

and AlAB was done by using 3×3×3, 2×4×2 and 1×2×1 Monkhorst-Pack meshes 49, respectively. 

Structural relaxations of atomic positions, cell parameters and volume during geometry 

optimization were carried out by the BFGS method 50 until the residual forces and stresses were 

smaller than 0.005eV/Å and 0.05 Gpa, respectively. Phononic density of states and thermodynamic 

properties for optimized structures were obtained using the finite displacement method within the 

Phonons module. This method proceeds by shifting each atom by a small amount, then performing 

a Self Consistent Field calculation to evaluate the forces on the perturbed configuration. In Phonon 

calculations the cutoff radius of the supercells for each crystal was set to 4Å. 

For the optimized crystal structures of CaAB and MgAB we calculated the XRD using the 

Reflex code 51 in Materials Studio and compared it to the experimentally determined single crystal 
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and powder XRD data 19, 25, respectively. Such a comparison is useful when predicting the structure 

of crystals.

The kinetic study of dehydrogenation was performed on MABs in gas phase using the 

Gaussian 09 program35 package. The input molecular MAB structures for the stationary points were 

taken from our CASTEP study described above. All possible structures in the reaction pathway 

were optimized without constraints with DFT (B3LYP functional) 39, 40 and 6-311++G(3d,2p) basis 

set. Frequency calculations at the same level of theory were also performed to identify all of the 

stationary points (zero imaginary frequencies) or transition states (one imaginary frequency). 

Intrinsic reaction coordinates (IRC) were calculated for the transition states to confirm that such 

structures indeed connect two relevant minima. The rate of dehydrogenation was calculated using 

the conventional transition state theory. Finally, for our obtained stationary and transition states we 

calculated the potential energy curve with the CCSD(T) 52/ 6-311++G(3d,2p). 

3. Results and Discussions

3.1 Structural properties and HOMO-LUMO energy of crystal MABs

The crystal structures of MABs predicted by MC packing algorithm (MgAB and AlAB) or 

single crystal XRD (CaAB) and then optimized with DFT using CASTEP are illustrated in Fig.1.

The internal coordinates and lattice constants of CaAB, MgAB and AlAB are presented in the 

supporting material (Table S1 – S3). For CaAB and MgAB we used the monoclinic space group C2 

determined by single crystal25/powder experiments19, respectively. For the optimized crystal 

structures we calculated the XRD which compared reasonably to the experimentally determined 

single and powder XRD data (Fig. S1 in the supporting material). 

In crystalline MgAB each Mg2+ is coordinated to two [NH2BH3]
- groups through N 

(d(Mg-N)=2.123 Å, (N-Mg-N)=102.1°)) and to two other [NH2BH3]
- groups through B (d(Mg-B) 

= 2.487 Å, (N-Mg-B)=108.8°) forming a tetrahedral structure similar to that of 

Na2Mg(NH2BH3)4
53. In crystalline CaAB, each Ca2+ directly bonds to two [NH2BH3]

- anions 

through N (d(Ca-N)=2.480 Å, (N-Ca-N)=161.1°) and coordinates to four further lying [NH2BH3]
-

anions through B. Our calculations revealed that crystal AlAB adopts orthorhombic symmetry in 

space group Pbca. Each Al3+ ion is coordinated by three [NH2BH3]
- anions through N related by a 

C3 rotation axis. Al3+ is also coordinated to one further [NH2BH3]
- anion through B, which lies on 

the aforementioned C3 axis. Hence a tetrahedral coordination environment is observed with C3v 

Page 5 of 17 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



6

point group symmetry. The bond lengths of AlAB are listed in Table 1. The reported structural 

parameters of CaAB and MgAB are in an agreement with the experimentally (CaAB: Ref. 25 ESI)

and computationally (CaAB: Ref. 25, 28, 30 and MgAB: Ref. 28) determined ones as shown in 

Table 1 and the supporting material (Table S4).

Fig.1 Crystal structures of the MABs (M=Mg, Ca, Al). The structures are shown in a bond-stick view, and the 

viewing directions shown are (a) [010], (b) [100], and (c) [010]. The green, purple, blue, pink and white spheres 

denote Mg, Ca, Al, N, B and H atoms, respectively. 

Table 1 The calculated populations, bond lengths (Å), HOMO-LUMO gap energies (eV) and band gaps (eV) of 

MABs.

MgAB CaAB AlAB

Population Bond length Population Bond lengtha Population Bond length

M-Na 0 2.123 0.14 2.480 (2.452) 0.43 1.906

N-B 0.63 1.556 0.64 1.547 (1.547) 0.57 1.565

N-H 0.76 1.033 0.72

1.031/1.031  

(1.022/1.027) 0.71 1.033

B-H 1.02 1.218 0.93

1.231/1.243/1.249

(1.243/1.245/1.251) 1.02 1.200

Hδ+…-δH - 2.632 - 2.771 - 2.625

EHOMO-LUMO 5.3 4.2 5.2

Band gap 5.0 3.8 5.2

a: For CaAB, the values in the brackets are the experimental results25.

The bonding types can be predicted by looking at the electronic populations. As the population 

for Mg-N bond is 0, no electrons seem to be shared between Mg and N, which indicates that Mg-N 

bond is a pure ionic bond. Instead, the populations for Ca-N and Al-N bonds are 0.14 and 0.43, 

respectively, indicating a covalent character of these bonds, in particular, Al-N. 
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In order to explain such a bonding trend, we have looked at the radii of the metal cations 

(RMg
2+ = 72 pm, RCa

2+ = 100 pm, RAl
3+ = 54 pm), electronegativity values (1.31 for Mg, 1.0 for Ca, 

1.61 for Al) and M-N bond lengths (d(Mg-N)=1.906 Å, d(Ca-N)=2.480 Å, d(Al-N)=1.906 Å). The 

ionic radius of Mg2+ is similar to that of Li+ (RLi
+ = 76 pm), but the charge is twice as large. Due to 

the steric hindrance of [NH2BH3]
- groups, it could be difficult to compensate for the positive charge 

of Mg2+ and this could explain the reason why the successful synthesis of single crystal MgAB has 

not been reported so far. The ionic radius of Ca2+ is larger than the ionic radius of Mg2+ and this 

explains the trend of observed populations for Mg-N and Ca-N bonds, 0 and 0.14, respectively. On 

one hand, the ionic radius of Al3+ is smallest of all, but on the other hand the Al-N bond length is 

shortest of all, and the electronegativity is largest of all, thus resulting in the largest M-N bond 

population (0.43). The B-N bond is the weakest in the Al-AB system probably due to the fact that 

Al is most electronegative of all Ms. One could thus expect massive impurity of ammonia to be 

released during the decomposition process in AlAB in agreement with the experimental results 31. In 

addition, our observation that B-H populations are larger than N-H populations allows us to deduce 

that H(B) atom is detached from MABs prior to the H(N) atom in the process of the 

dehydrogenation.

Both the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular 

orbital (LUMO) play important roles in the chemical properties of the molecules. We calculated the 

HOMO-LUMO gaps for the three MABs and they are listed in Table 1. From the energy gaps, we 

predict the following trend of stability: MgAB ≈ AlAB > CaAB. The calculated band gaps (listed 

in Table 1 as well) again predict the similar trend of stability and the insulating nature of examined 

MABs. One should keep in mind that band gaps or HOMO-LUMO gaps are not well described by 

GGA functionals (for example, PBE) 54. The description could be improved by using hybrid DFT 

functionals instead.

In a computational study on MABs (M=Li, Na, K, Be, Mg, Ca, Sr, Sc) 29 it has been reported 

that MABs become more stable as the metal cation moves down in the periodic table along a given 

column or as the metal cation moves to the left along a given row. Authors also predicted that 

MgAB is surprisingly more stable than CaAB (an exception to the rule), which is in agreement to 

our conclusion. Authors suggested that it is due to the fact that MgH2 is much less stable than 

CaH2
20. 
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3.2 Density of states (DOS)

The calculated total and partial electronic DOS for MgAB, CaAB and AlAB are shown in Fig. 2. 

In MgAB, in the lowest energy region there is one band of the energy ~ - 40 eV which is composed 

of Mg 2p states. The next band of the energy ~ - 15 eV is primarily composed of N 2s and H 1s

states and has a very small contribution from B 2p and B 2s states. Such a big energy difference 

between these two bands indicates again that Mg-N bond is a pure ionic bond (see also the 

population discussion above). The valence band (~ - 10 – 0 eV) is composed of N 2p, B 2s, B 2p

and H 1s states. The partial DOS of CaAB has a similar trend to that of MaAB. In the lowest energy 

region there are two bands of the energy of ~ - 38 eV and ~ - 20 eV which are accounted for by Ca 

4s and 3p states, respectively. The next band of the energy ~ - 15 eV has a very similar composition 

to that of MgAB (N 2s and H 1s), however, the smaller energy difference between this band and the 

one of energy ~ - 20 eV indicates a slight covalent character of Ca-N bonds. However, the partial 

DOS of AlAB looks much more different. The lowest energy band ~ -15 eV is dominated by N 2s

states and H 1s states and has a very small contribution from Al 3s states and B 2s states. The 

valence band is not only composed of N 2p, B 2s, B 2p and H 1s states, but also of Al 3s and Al 3p

states. The latter indicates a strong covalent character of Al-N bonds discussed above. The strong sp 

hybridization of states between N, B and H atoms in all the three MABs suggests a covalent nature 

of B-N, N-H and B-H bonds.

Fig. 2 Total and partial electronic DOS of (a) MgAB, (b) CaAB and (c) AlAB
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3.3 Phonon DOS

In this section we discuss the vibrational modes (see Table 2) extracted from the calculated 

phonon DOS (see Fig. 3). First of all, one should notice that the translational lattice mode 

dominated by motion of metals (M) and the stretching modes of M-N and M-B are below 500cm-1.

In this region the number of vibrational modes in AlAB is larger than in MgAB and CaAB due to 

the lower geometric symmetry of AlAB (C3v) compared to the other two (C2v). 

The B-N rotation modes are in the range of 500-900 cm-1, the N-B stretching mode is around 

800-900 cm-1, BH3 deformation mode (metal movement with H-B scissors mode) is in the range of 

1110-1400 cm-1, the NH3 deformation mode is around 1500 cm-1, the B-H stretching mode is 

around 2100-2600 cm-1 and the N-H stretching mode is in the range of 3300-3600 cm-1. Importantly, 

our calculated frequencies are in a reasonable agreement with the experimental frequencies obtained 

from FTIR spectroscopy experiments on AlAB and Mg(NH2BH3)NH3
12, 27. The experimental N-H 

stretching frequencies are in the range of 3258-3302 cm-1 and B-H stretches in a range of 

2875-2969 cm-1 and 2265-2358 cm-1. The shift to higher wavenumbers in the simulation most likely 

arises due to underestimation of electrostatic forces between the Al3+ and [NH2BH3]
- groups.

Fig. 3 Total and partial phonon DOS of (a) MgAB (b) CaAB and (c) AlAB

Table 2 Calculated vibrational modes of MgAB, CaAB and AlAB. The frequencies are in cm-1.

Mode MgAB CaAB AlAB

Lattice wagging 192-172 119-186 34-181

M-N stretching 194-272 199-255 189-211

M-B stretching 294-450 260-364 221-373

B-N rotation 525-856 513-587 412-692

N-B stretching 899-916 836-967 796-845
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H(B), H(N) wagging 976-1130 1135-1124 880-1112

H-B scissors 1132-1386 1152-1298 1120-1273

H-N scissors 1548-1564 1540-1557 1443-1553

H-B stretching 2173-2423 2269-2377 2196-2603

H-N stretching 3446-3522 3485-3567 3337-3479

3.4 Thermodynamic properties

   In order to examine thermodynamic properties of MABs (M = Mg, Ca, Al), we calculated 

enthalpies ( Hm
Q ), entropies ( 

mS ) and Gibbs free energies ( Gm
Q ) of these solid state compounds (see 

Fig. 4). As all these properties depend on the temperature, we can obtain the relationships between 

MABs’ thermodynamic properties and temperature (see Eq. 3.4-1~3.4-3 and Table 3) and compare 

them for different MABs.

2CTBTAHm 
                                                     (3.4-1)

2''' TCTBAGm 
                                                         (3.4-2)

TCB
T

A
Sm ''''

''


                                                         (3.4-3)

Table 3 The relationship between MABs’ thermodynamic properties and temperature 

MAB equation MAB equation

MgAB

253 10725.11066.4495.0 TTHm
 

AlAB

253 10731.11057.4473.0 TTHm
 

254 10304.21054.8090.0 TTGm
  254 10305.21069.8086.0 TTGm

 

T
T

Sm
53 10029.41081.3

585.0  


 T
T

Sm
53 10037.41070.3

56.0  




CaAB

253 10806.21003.1097.0 TTHm
 

265 10092.41052.1032.0 TTGm
 

T
T

Sm
63 10898.61005.1

13.0  




Our results presented in Table 3 show that changes in entropy ( 
mS ), enthalpy Hm

Q and Gibbs 

free energy   mmm TSHG values due to changes in temperature are similar for both compounds, 

MgAB and AlAB, but differs for CaAB (A, A’ or A’’ values are much lower for CaAB than for
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MgAB and AlAB, indicating smaller changes). The fact that CaAB has the highest enthalpy 

suggests that it also has the highest internal energy at 0K in this series of system. The latter leads to 

smallest entropy and free energy values. Thermodynamic properties seem to be very similar for 

AlAB and MgAB compounds. The changes in entropy and Gibbs free energies of MAB compounds 

increase with temperature due to the change of dominance of different vibration modes in low and 

high temperatures. The low frequency translation and rotation of the molecules are the dominant 

vibration modes at low temperature, whereas the high frequency vibration modes (inter- and 

intra-molecular) will start dominate at high temperatures.

Fig. 4 The entropy, enthalpy and Gibbs free energy as a function of temperature T for MgAB, CaAB and AlAB.

3.5 Dynamic study of dehydrogenation

The dynamics study of dehydrogenation was performed on MABs in gas phase using the 

Gaussian 09 program package in order to obtain decomposition pathways. Our calculated barriers

are relatively high. We believe that it is due the fact that our calculations were performed in gas 

phase and room temperature, whereas experiments 20-26 were conducted on crystal MABs at around 
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100 C. However, the calculated barriers can still help us to understand the dehydrogenation 

pathways and improve the hydrogenation storage properties of MABs.

Shimoda and Fijalkowski have recently shown that the major mechanism of decomposition in 

ABs is the direct evolution of hydrogen by N-Hδ+…-δH-B26, 55. Based on this, we propose direct 

dehydrogenation pathways for CaAB and MgAB (Eq. 3.5-1, Fig. 5) and AlAB (Eq. 3.5-2, Fig. 6).

n(H3BH2N-M-NH2BH3) n(M(NBH)(NBH)) + 4nH2            (3.5-1)

nAl(NH2BH3)3 nAl(NBH)3 + 6nH2                          (3.5-2)

Fig. 5  Top: The flow charts of dehydrogenation for MgAB and CaAB. Bottom: The schematic energy profiles

for the different paths of dehydrogenation of MgAB (left) and CaAB (right). PX-1 and PX-2 correspond to  

products in Path 1 and Path 2, respectively. TSX-1 and TSX-2 correspond to transition states in Path 1 and Path 2, 

respectively.

We determine two dehydrogenation paths (Path 1 and Path 2) for MgAB and CaAB and three 

dehydrogenation paths (Path 1, Path 2 and Path 3) for AlAB. The flow charts and the schematic 

energy profiles for consecutive dehydrogenation steps for the different paths of dehydrogenation are 

presented in Fig. 5 and Fig. 6. As the energy barrier for the 1st dehydrogenation step for AlAB (56.5

kcal/mol) is lower than for MgAB (69.0 kcal/mol) and CaAB (75.3 kcal/mol), AlAB will start 

releasing H2 at lowest temperature. This is agreement with the experiments showing that AlAB will 
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start dehydrogenate at the temperature of 50°C 18, whereas MgAB19 and CaAB20 will start 

dehydrogenate at around 75°C and 90°C, respectively. The Path 1 seems to be the most probable 

pathway for CaAB and MgAB whereas the Path 1/Path 3 seem to be the most probable pathway for 

AlAB (that depends on the reaction conditions), indicating that dehydrogenation from the same AB 

group twice in a row is less likely to occur. The rate determining step for dehydrogenation of MgAB 

and CaAB (Path 1) is step Nr. 3 (energy barrier of 94.2 kcal/mol and 94.1 kcal/mol, respectively), 

whereas the rate determining step for dehydrogenation of AlAB (Path1/Path3) is the last step 

(energy barrier of 100.4 kcal/mol).
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Fig. 6  Top: The flow charts of dehydrogenation for AlAB. Bottom: The schematic energy profiles for the 

different paths of dehydrogenation of AlAB. PX-1, PX-2 and PX-3 correspond to products in Path 1, Path 2 and 

Path 3, respectively. TSX-1, TSX-2 and TSX-3 correspond to transition states in Path 1, Path 2 and Path 3, 

respectively.

The determined energy barriers associated with dehydrogenation steps can be approximated to 

free energy barriers (G#) and thus can be related to the rate constants of dehydrogenation 

according to this equation:

rate = k kbT

h
´ exp(- DG#

RT
) ,

3.5-1

where k is the transmission coefficient (assumed to be 1 in our case), kb is the Boltzmann constant, 

R is the gas constant, h is the Planck constant and T is the temperature. This equation is valid only 

within the hypotheses of the Transition State Theory. It was shown experimentally 18-20 that all 

hydrogen (4n H2 from MgAB and CaAB and 6n from AlAB) can be released at the temperature of 

400°C. The dehydrogenation rates at 400 °C can then be calculated by inserting energy barriers for 

rate determining steps (94.1 kcal/mol for MgAB, 94.1 kcal/mol for CaAB and 100.4 kcal/mol for 

AlAB) into Eq. 3.5-1. The calculated dehydrogenation rates follow the trend MgAB( 1.73× 10-14

min-1) ≈ CaAB(1.72× 10-14 min-1) > AlAB(2.18× 10-16 min-1).  
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4. Summary

   We used the Monte Carlo simulations to simulate the crystal structures of MgAB and AlAB. 

Our first principle calculations of the electronic structure of crystal MABs (M = Mg, Ca, Al) 

revealed a covalent character of the Al – N (in particular) and Ca-N bonds in contrast to the ionic 

Mg-N bond. Furthermore, from the HOMO-LUMO gaps we predicted the following trend of 

stability: MgAB ≈ AlAB > CaAB. From the phonon DOS analysis, we obtained the detailed 

vibrational modes of MABs and concluded that due to the lower geometric symmetry of AlAB in 

the frequency region (0 – 500 cm-1) the number of vibrational modes in AlAB is larger than in 

MgAB and CaAB. Thermodynamic properties and their dependence on temperature seem to be very 

similar for AlAB and MgAB compounds and are larger than for CaAB. Our dynamic study of 

dehydrogenation revealed that AlAB will start releasing H2 at the lowest temperature due to the 

lowest energy barrier for the 1st dehydrogenation step. Finally, we used the determined energy 

barriers for the rate determining steps of dehydrogenation to calculate the dehydrogenation rates at 

400 °C – temperature at which all H2 is released (4n H2 from MgAB and CaAB and 6n H2 from 

AlAB). The dehydrogenation rates follow the trend MgAB( 1.73× 10-14 min-1) ≈ CaAB(1.72× 10-14

min-1) > AlAB(2.18× 10-16 min-1). 

In order to better understand the decomposition mechanism of solid MABs we are currently 

performing Car-Parrinello molecular dynamics simulations at a variety of temperatures and 

pressures.

We believe that our findings on MABs (M=Mg, Ca, Al) is an important step in the ongoing 

development of MABs as hydrogen storage materials.
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