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Report:  The  aim  of  experiment  HC-990  was  to  investigate  the  hydrogen  desorption 
pathways of complex metal-borohydrides in-situ using X-ray Raman scattering together with 
a chemical reaction cell. This way we wanted to detect amorphous decomposition products 
which cannot be unambiguously identified by other methods but are of high relevance in 
understanding and controlling the hydrogen release process.

Hydrogen  is  one  of  the  promising  candidates  as  a  clean  energy carrier  [Chuchard2011]. 
However, the storage of hydrogen is technically challenging and the search of lightweight  
storage media which allow the reversible hydrogen de- and resorption is of utmost relevance 
[Schlapbach2001]. Owing to their large gravimetric hydrogen storage capacity, borohydrides 
have been identified as possible hydrogen storage materials. Hence, enormous efforts were 
undertaken  to  study  the  hydrogen  release  pathways  and  hydrogen  resorption  in  various 
borohydrides  with  contradicting  results  (For  Mg(BH4)2 see  e.g.  [Li2008,  Hanada2008, 
Soloveichik2009, Chong2011, Paskevicius2012]). The reason for the contradictions is due to  
the fact that most likely amorphous decomposition products occur both in the intermediate  
phases  of  decomposition  as  well  as  end-products  after  full  dehydrogenation  which  are 
difficult to detect. This concerns particularly amorphous boron and B12H12 species.

We used X-ray Raman scattering (XRS) to study the boron K- and Mg L-edges of Mg(BH 4)2 

in-situ. The decomposition conditions were controlled by loading the sample into a chemical 
reaction  cell  [Mauron2011]  under  hydrogen  atmosphere.  XRS-spectra  were  measured  at 
temperatures  ranging  from room temperature  up to  500°C and the  hydrogen release  was 
detected  simultaneously  by  the  pressure  increase  within  the  cell.  We  used  the  direct  



tomography method to get information also on the real-space behavior of the sample and to 
remove  signal  contributions  from other  parts  of  the  reaction  cell  than  the  sample  itself  
[Huotari2011].  To  fingerprint  the  decomposition  products  with  respect  to  changes  of 
annealed  Mg(BH4)2  XRS-spectra,  the  reference  compounds  amorphous  and  crystalline  B, 
H3BO3,  MgB12H12,  MgH2,  MgB2,  MgO,  and  Mg  were  measured.  This  way  a  principal 
component  analysis  of  both  absorption  edges  allows  to  track  the  possible  decomposition 
products.  The temperature  evolution  of  XRS-spectra,  both  for  the  Mg L- and  B K-edge 
during temperature driven decomposition are presented in Fig. 1. 

First  analysis  provides  strong  evidence  for  a  significant  formation  of  amorphous  boron 
whereas formation of  MgB12H12 is  unlikely. Decomposition  of  MgH2 to  elemental  Mg is 
observed and, up to 500 °C, no formation of MgB2 occurs. Notably, in the first  stages of 
decomposition  the  XRS  spectra  can  not  be  modeled  by  a  superposition  of  references 
indicating the occurrence of unknown intermediates other than B12H12 species.

The data analysis is still in progress and we aim to identify a complete reaction pathway that 
is in agreement with our complementary results obtained for the local environment of Mg 
and B species in our sample. Therefore, modeling of XRS spectra of possible intermediates is 
necessary  and  is  currently  in  progress  using  atomic  structure  models  of  intermediates 
[Zhang2012].  Calculations  of  XRS spectra  will  then  be  performed  based  on  the  Bethe-
Salpeter equation using the new OCEAN software [Vinson2011]. 
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Figure 1: XRS-spectra at the Mg L-edge of Mg(BH4)2 measured in-situ in hydrogen atmosphere using the reaction cell 
at different decomposition temperatures (left). XRS-spectra at the B K-edge of Mg(BH4)2 at same conditions as for the 
Mg L-edge (right). 


