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Solid State High-Resolution 2D 1H-11B NMR Study of Ammonia Borane
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Introduction 

Ammonia Borane (NH3BH3) is a model B-N containing compound that has attracted a lot of attention recently. It has a structural phase transition from tetragonal to orthorhombic around 225 K. Some of the earlier NMR studies using 15N nuclei (1) revealed the phase transition mechanism involving displacive behavior of the NH3 site in addition to order-disorder behavior. In addition to its interesting low temperature phase transition properties, it is a potential hydrogen storage material due to its high hydrogen content (19.6%). Investigating the dehydrogenation properties is very crucial to understand its hydrogen release properties and develop modified advance hydrogen storage materials. Therefore it is important to evaluate the detailed properties related with hydrogen. Here we report high resolution NMR employing heteronuclear correlation (HETCOR) and magic angle spinning (MAS) techniques to understand and analyze the 1H site of NH3BH3 correlated with 11B. 

Experimental

A powder sample of NH3BH3 (97%) purchased from Sigma-Aldrich was packed in a 3.2 mm MAS rotor and used for 2D 1H-11B HETCOR NMR chemical shift measurements on a ultra-wide bore 600 MHz magnet equipped with a Bruker Avance III NMR console using a spinning speed of 12.0 kHz. Experiments were performed at room temperature.
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Results and Discussion

Figure 1 shows the 2D 1H-11B HETCOR spectrum of NH3BH3 at room temperature. At 600 MHz several 1H peaks were observed. Well-resolved 1H NMR peaks correlating with virtually the same 11B, implying that there may be different forms of NH3BH3 structure. This could also be due to the powder structure and also having 97% sample purity. The main focus in the future will be to evaluate the crystal form of purified NH3BH3 and compare with the powder sample that we report here. The experiment on crystal NH3BH3 is currently in progress. 
Conclusions

The 600 MHz 2D 1H-11B NMR measurements enable us to conclude that in powder form with 97% purity there are different forms of NH3BH3 structure. For future studies NH3BH3 will be purified and crystallized to investigate 1H-11B HETCOR NMR and compare with the powder form. Then the phase transition behavior and the decomposition properties will be investigated with NMR. After fully understanding the pristine NH3BH3 behavior, the focus will be on novel hydrogen storage systems, i.e. polymers confined with NH3BH3 to investigate their properties, to understand the low temperature phase transition mechanism as well as the H2 release mechanism at higher temperatures.
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Fig. 1. 2D 1H-11B NMR spectrum of NH3BH3 powder.





























Fig. 2. (a)  1H spectra at 300 and 900 MHz of recrystallized powder.  (b) 1H spectra at 600 MHz with a systematic control of adsorbed water by vacuum-pumping time.









