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For both stationary and mobile applications, storing hydrogen in solid form is a big challenge. Ammonia 

complex of metal borohydrides have sparked considerable interest as a prospective solid hydrogen 

storage material, and with 17.3 wt.% of theoretical hydrogen capacity, the novel ammine lithium 

aluminum borohydride LiAl(BH4)4(NH3)6 compound has the potential to be a good one. 

This compound is synthesized at room temperature from the LiAlH4 and (CH3)2S-BH3 precursors via 

the solvothermal method in liquid ammonia, which is a one-pot synthesis method that produces no solid 

byproducts and does not require the synthesis of pyrophoric compounds like Al(BH4)3. 

X-ray powder diffraction analysis shows that the structure of LiAl(BH4)4(NH3)6, which has yet to be 

reported in the literature, does not fit with known compounds, for instance, neither Li2Al(BH4)5(NH3)6,1 

nor Al(BH4)3(NH3)6,2. Rietveld refinement is thus performed to resolve the crystalline structure of this 

compound. FTIR, Raman, and MAS NMR spectroscopy are also used to fully characterize 

LiAl(BH4)4(NH3)6. FTIR and Raman spectra reveal the presence of [BH4]– and NH3 groups, and the 

valence vibration of the Al-N bond in the coordination octahedron [Al(NH3)6]3+. These findings are 

supported by the 11B and 27Al MAS NMR spectra as well. 

LiAl(BH4)4(NH3)6 decomposes exothermically with the peak temperature of 154.0°C, releasing 12.5 

wt.% H2. The purity of H2 is 96.0 mol% due to the evolution of some NH3. An isothermal pretreatment 

approach can improve the hydrogen purity to >99.0 mol%, while the H2 capacity reduces to 11.0 wt.%. 

In addition, the activation energy of dehydrogenation is 143.1 kJ/mol, which is determined by using the 

Kissinger equation. This energy is comparable to that of similar compounds such as ammonia borane.3 

Direct rehydrogenation of the amorphous Li-Al-B-N-H dehydrogenation product is not possible, 

thereby requiring chemical regeneration. Hence, in situ XPS, in situ Raman and ex situ MAS NMR are 

utilized to better understand the chemical composition and develop better chemical regeneration routes. 

In situ XPS results reveal the evolution of the Li, Al, B and N elements during dehydrogenation, that is 

comparable to ammonia borane decomposition for B and N elements.4 The atomic ratio Li:Al:B:N as a 

function of temperature is also determined by XPS quantitative analysis. Furthermore, the significance 

of employing MAS NMR to define the dehydrogenation pathway is that it can investigate all of the 

nuclei in this material (7Li, 27Al, 11B, 15N, and 1H). This improves on the results in the literature, which 

are mostly based on 11B, and gives a fuller picture of the solid phases, from ammonia complex of metal 

borohydride to amorphous Li-Al-B-N-H dehydrogenation product. Similar investigations are also 

conducted by in situ Raman. 

Consequently, the amorphous dehydrogenation product can be processed to separate the mixture of two 

metals, Li-Al, and to generate the BNH compound. This BNH compound can be regenerated to NH3 

and (CH3)2S-BH3. Moreover, the mixture of Li and Al can be handled to regenerate LiAlH4. As a result, 

we close the hydrogen cycle with LiAl(BH4)4(NH3)6.  

mailto:huynh-duc.nguyen@cea.fr


References 

(1)  Guo, Y.; Wu, H.; Zhou, W.; Yu, X. Dehydrogenation Tuning of Ammine Borohydrides Using 

Double-Metal Cations. J. Am. Chem. Soc. 2011, 133 (13), 4690–4693. 

https://doi.org/10.1021/ja1105893. 

(2)  Guo, Y.; Yu, X.; Sun, W.; Sun, D.; Yang, W. The Hydrogen-Enriched Al–B–N System as an 

Advanced Solid Hydrogen-Storage Candidate. Angew. Chem. Int. Ed. 2011, 50 (5), 1087–1091. 

https://doi.org/10.1002/anie.201006188. 

(3)  Gangal, A. C.; Sharma, P. Kinetic Analysis and Modeling of Thermal Decomposition of 

Ammonia Borane. Int. J. Chem. Kinet. 2013, 45 (7), 452–461. 

https://doi.org/10.1002/kin.20781. 

(4)  Bachmann, P.; Düll, F.; Späth, F.; Bauer, U.; Steinrück, H.-P.; Papp, C. A HR-XPS Study of the 

Formation of h-BN on Ni(111) from the Two Precursors, Ammonia Borane and Borazine. J. 

Chem. Phys. 2018, 149 (16), 164709. https://doi.org/10.1063/1.5051595. 
 

 


