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Catalytic processes are indispensable in energy research. It is essential to enhance their environmental friendliness and 

resource-efficiency by exploring and optimizing new reaction routes for future sustainability. One major topic in this context is the 

chemical energy storage using eg. hydrogen, in a pure state or as hydrogen-carrier molecules. The release of hydrogen from carrier 

molecules, such as ammonia (NH3), is achieved by a catalytic reaction. Among others, promising catalysts for ammonia 

decomposition are nickel-based catalysts [1]. Perovskites, eg. LaNiO3, can serve as catalyst precursors. 

The synthesis of LaNiO3 was conducted via incipient wetness impregnation of mesoporous carbon spheres and subsequent sintering 

[2]. Detailed microstructure analysis was performed via transmission electron microscopy that enabled the identification of 

Ruddlesden-Popper faults. These [LaO]-[LaO] shear faults have been reported in the past to be present in LaNiO3 thin films grown on 

various substrates [3, 4]. With this information, a Rietveld refinement of synchrotron powder diffraction data could be performed 

using a stacking fault model based on the superstructure, space group Pm-3m, of the original LaNiO3 crystal structure, space group 

R-3cH (Fig. 1 a). In addition, the local structure of the perovskite was investigated by total scattering neutron and synchrotron 

experiments and subsequent pair distribution function analysis. 

The aim of this work is the correlation of structure properties with the catalytic performance of perovskites with different chemical 

compositions. The catalytic performance of the synthesized material was tested during NH3 cracking experiments. For LaNiO3, a 

conversion of 70% could be achieved at 550°C with a gas flow of 15000 ml/g-1h-1 of 100% NH3. The structural behavior during the 

reaction was investigated by in situ synchrotron diffraction experiments at the high-resolution powder diffraction beamline P02.1 

(PETRA III, DESY). A decomposition of the perovskite via intermediate states and the reduction to the active phase of metallic Ni on 

La2O3 could be observed (Fig. 1 b). 

a)    b)  

Figure 1. a) Rietveld refinement plot of LaNiO3 with a crystal structure model containing Ruddlesden-Popper-type faults stacked 

along the c-axis, a = b = 3.8517(3)Å, α = β = γ = 90°, space group P1, by-phases are Si and NiO; b) Rietveld refinement plot of the 

activated catalyst (Ni on La2O3) obtained in situ during the ammonia decomposition experiment. Si was added as an internal standard. 
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