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Most known complex hydrides today are salt like solids and desorb the hydrogen only at elevated temperature. Liquid hydrides at room temperature in equilibrium with the hydrogen gas pressure of a few bar are preferable in view of mobile applications. Al[BH4]3 exhibits a volumetric hydrogen density of 150 kg/m3, melts at –60°C and spontaneously releases the hydrogen even below room temperature. 

Liquid ionic compounds

The melting temperature of an ionic compound (salt) depends on the ratio of the diameter of the consisting ions. Partial substitution of the ions allows to stabilize phases and to change the melting temperature of a given ionic compound.

Stability

The complex hydride with a general formula of Mx+[TH4-]x (M = Li, Na, Mg, Ca…; T = Al, B, N and x is the stoichiometry) releases H- to form MHx + x·TH3 [1]. The stability of the AlH3 < BH3 < NH3, therefore, alanates decompose into hydrogen and aluminum while boranates tend to liberate beside hydrogen also B2H6 and the ammonium spontaneously decomposes into NH3. Therefore, the thermodynamics i.e. stability and kinetics is calculated based on the intermediate products identified. 
The stability of the TH4- is determined by the localisation of the electron on the T-atom. As a consequence the stability of the complex hydride strongly depends on the electro​negativity of the cation. However, this approach is only able to describe the stability of the forth hydrogen atom in the anion. The stability of the neutral and “hypothetical” TH3 is also determining the equilibrium pressure of the complex hydride.

The empirical relationship between the enthalpy of formation and the  electro​negativity of the cation is linear [2]. The stability of the elemental hydride formed upon hydrogen desorption is given by the Pauling relation. 

Therefore, the hydrogen desorption pressure as well as the melting temperature can be taylored by specific substitution of the anion and the cation in complex hydrides.
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